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HE INTEREXAMINER REPRODUCIBILITY OF PHYSICAL

XAMINATION OF THE CERVICAL SPINE

an J. Pool,a Jan L. Hoving, PhD,a Henrica C. de Vet, PhD,a Henk van Mameren, MD, PhD,b and
ex M. Bouter, PhDa

ABSTRACT

Objective: To assess the interexaminer reproducibility of physical examination of the cervical spine.

Methods: Two physiotherapists independently judged the general mobility and the intersegmental mobility
(segments C0-T2) of the neck and the pain that was provoked. Percentage agreement and Cohen’s� expressed
agreement of dichotomous variables; limits of agreement expressed agreement of continuous variables; and intracl
correlation coefficients (ICCs) expressed the reliability of continuous variables.

Results: Agreement for general mobility showed� between 0.05 and 0.61, and for the intersegmental mobility, it
showed� values between�0.09 and 0.63. Agreement for provoked neck pain within 1 point of an 11-point
numerical rating scale (NRS) varied between 46.9% and 65.7% for general mobility and between 40.7% and 75.0%
for intersegmental mobility. The ICCs varied between 0.36 and 0.71 for general mobility and between 0.22 and 0.8
for intersegmental mobility.

Conclusions: Despite the use of a standardized protocol to assess general mobility and intersegmental mobility o
the cervical spine, it is difficult to achieve reasonable agreement and reliability between 2 examiners. Likewise, the
patients are not able to score the same level of provoked pain in 2 assessments with an interval of 15 minutes. (J
Manipulative Physiol Ther 2004;27:84-90)
Key Indexing Terms: Agreement; Cervical Spine; Mobility; Reliability; Reproducibility
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eck pain is a common complaint in the gene
population, and its point prevalence is aro
15%.1 Patients with neck pain who consult th

eneral practitioner usually receive advice and analge
nd approximately 43% are referred to a physical ther
r manual therapist.1 Manual assessment of the mobility

he cervical spine is made by many professionals, inclu
hysical therapists, manual therapists, chiropractors,
hysicians. The physical examination of the cervical s

s based on the assessment of passive and/or active ra
ovement, including possible pain provocation during o

he end of the range of movement.2 This is assumed t
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rovide important information with regard to the patien
mpairments. Moreover, the results of the examination
he patient’s pain response during the examination ar
asis for the proposed treatment, and the results o
hysical examination will be used to evaluate the treatm
esults.2,3 Therefore, it is important to know the reprod
bility of these assessments. The reproducibility can
tudied in terms of reliability and agreement.Reliability is
efined as the ability to differentiate between patients
greement is defined as the extent to which observers ob
he same measurement values in a test.4-7

Many techniques are used by physical or manual th
ists to examine the cervical spine,3,8 but the reproducibility
f these techniques is questionable.9-13 Several studies hav
rawn different conclusions with regard to the reproduc

ty of manual assessment techniques.9-13 The majority of
hese studies report that better operational definitions
esting procedures are needed.

The aim of this study is to investigate the interobse
eliability and agreement of a standardized physical ex
nation for patients with nonspecific neck pain based
rotocol in which manual techniques are used to asses
eneral and intersegmental mobility of the cervical spin

al

or
-
r-
ew approach in this study, in comparison with former
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tudies, is to include assessment of the interobserver repro-
ucibility of the patient’s pain response to the testing pro-
edures, reported on an 11-point numerical rating scale
NRS).

ETHODS

During a period of 4 months (April 1999 to June 1999),
2 patients were invited to participate in the study. Patients
ere referred by local general practitioners in the city of
oetermeer, in the Netherlands, to a practice providing
hysical and manual therapy. The patients had a similar
rofile to those who had participated in a recently completed
andomized clinical trial on patients with neck pain.14

Two experienced physical therapists (JJMP and LA) per-
ormed the examination of the cervical spine. The physical
herapists were trained in the use of the protocol, and the
ovements included in the tests are part of the routine

herapy they provide for patients with neck pain. They also
ollowed the standardized protocol, which describes the
erformance of each of the tests in detail.

easurements
Data on demographics; patient characteristics (duration,

revious episodes, number of episodes); pain on a visual
nalogue scale; and disability, using the Neck Pain Disabil-
ty index,15 were collected prior to the assessment.

eneral Mobility of the Cervical Spine
The standardized clinical assessment of the general mo-

ility of the cervical spine consists of 6 movements:
1. Full flexion and extension;
2. High cervical flexion (nodding) and extension (C0-1);
3. Rotation to the right and to the left;
4. Lateral flexion to the right and to the left;
5. Combined movement A: rotation to the right and to the

left, combined with extension and homolateral flexion
(combination of the entire available movement in ro-
tation, lateral flexion, and extension); and

6. Combined movement B: lateral flexion to the right and
to the left, combined with heterolateral rotation (iso-
lating high cervical rotation).

At the end of the voluntary movement, the examiner
pplied a gentle passive pressure to guide the patient’s
ovement to the end of range to obtain a clear estimation of

he range, the tissue resistance to movement, and any pain
esponse.8 The examiner classified the movements as lim-
ted or not limited, and the patient was asked to score the
rovoked pain at the end of each movement on an 11-point
umerical rating scale, ranging from 0 (no pain at all) to 10
extremely painful). For all movements, the patient was
eated on a chair with the hands on the thighs and the back

gainst the backrest. r
ntersegmental Mobility of the Cervical Spine
The passive segmental assessment, from segment C0 to

egment T2, was made with the patient in a supine position
nd the examiner sitting behind the patient. The commonly
sed technique to assess the segments C2 to T2 included
xation of the lower segmental level and lateral flexion to

he right and to the left. Rotation was used to assess the level
1-2 and flexion was used for the segment C0-1, because

hese segments have different movement potentials.3 The
xaminer classified the movement as limited or not limited
nd the patient was asked to score the provoked pain at the
nd of each movement on an 11-point numerical rating
cale.

The examiners were trained in the assessment protocol,
nd the order of the examination was randomized according
o a computer-generated random sequence table. The time
nterval between the assessments was approximately 15
inutes. The examiners were blinded to each other’s results

nd had no contact with each other between the assess-
ents. In the absence of the other examiner’s results, a

esearch assistant registered the assessment.

ssessment of Reproducibility
Reproducibility was quantified in 2 ways: by measures of

greement, such as � and the Bland-Altman method,4,5,7,16

nd measures of reliability, such as the intraclass correlation
oefficient (ICC).6,7,17 Agreement measures assess the ab-
olute agreement and try to quantify the measurement error.
eliability parameters assess how well persons can be dis-

inguished from each other despite measurement errors.7 As
he mobility scores were dichotomous (limited or not lim-
ted), Cohen’s � was used to calculate the agreement.16 A �
core of 0.40 or higher was considered to be accept-
ble.6,7,17 The provoked pain scores on the numerical rating
cale were analyzed as continuous variables. The Bland-
ltman method was used to assess the agreement, ie, the

xtent to which examiners obtained the same measurement
alues in a test.4 Using the Bland-Altman method, the
nterobserver difference was calculated and plotted against
he mean of the 2 measurements. The magnitude of the
ifference between the mobility scores and their distribution
ere visualized. The standard deviation of the difference
ives an indication of the agreement of the 2 measurements.
he 95% limits of agreement were calculated (difference �
.96 � SDdifference), which gives an indication of the total
rror, ie, bias and random error.18 The percentage of agree-
ent of the measurements was determined, allowing both 1

nd 2 points difference on the numerical rating scale (0-10).
or the continuous variables, the intraclass correlation co-
fficient was calculated as a measure of reliability, repre-
enting the ability to distinguish between patients.6,7,17,19

he ICC is based on a 2-way random effect model ICC
2.1),6 with the observers as a random factor (see Appen-
ix), focusing on agreement, and ranges between 0 (no

eliability) to 1 (perfect reliability). A cutoff point of ICC �
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.75 was chosen a priori as an indication of acceptable
eliability.20

ESULTS

atient Characteristics
During a period of 4 months (April 1999 to June 1999),

2 consecutive patients with nonspecific neck pain were
ncluded. The mean age of the patients was 45 years, and
pproximately 63% were female patients (Table 1). The
atients had suffered from neck pain for a median duration
f 13 weeks and the neck pain was recurrent in over 50% of
atients. Pain was the most important complaint in 78% of
he patients and limitation of movement was the most im-
ortant complaint in 40.6 % of the patients; the patients
ere allowed to score a maximum of 3 complaints. The
atients rated the severity of their current neck pain, on
verage, as 4.2 points on an 11-point numerical rating scale.
he maximum pain score in the last week was, on average,
.2 points. The mean score for the Neck Disability Index
NDI) was 15.2 points.

nterexaminer Reproducibility of Cervical Mobility
The data on the general mobility are presented in Table 2.

he observers scored each movement as limited or not
imited. The prevalence of limited movements during the
xamination of the cervical spine varied from 1.6 % for the
igh flexion end extension movements to 64.5% for the
ombined movement to the right. The agreement for the
eneral cervical movement ranged from 52% to 97%, with

able 1. Characteristics of patients

Characteristics SD

Female (%) 62.5
Previous episodes of neck

complaints (%)
56.3

Most important complaints (%)*
Pain 78.1
Limitation of movement 40.6
Stiffness 28.1

Mean age (years) 45.5 9.2
Mean number of episodes in the

previous 5 years
8.6 22.1

Pain score†

Mean 5.2 2.0
Maximum 7.2 2.4
Present 4.2 2.3

Duration of neck pain (weeks) 13.5
Mean NDI score‡ 15.2 8.3

N � 32.
SD, standard deviation; NDI, Neck Disability Index.
*Maximum 3 complaints.
†Pain was measured on a numerical 11-point scale ranging from 0 � no

ain to 10 � worst pain.
‡Neck Disability Index; disability and pain measured by 10 items rang-

ng from 0 to 5 points; maximum disability 50 points.
mean of 71%. The � for general cervical movement t
anged from 0.05 to 0.61. Only rotation to the left and the
ombined movement A to the left showed a � value higher
han 0.40.

Table 3 presents the data on intersegmental mobility. The
revalence of limited segmental movements varied from
.1% for the intersegmental movement on the level C1-2 on
he right to 56.5% for the intersegmental movement on the
evel C4-5 on the right. The agreement for the intersegmen-

able 2. Interexaminer agreement of general mobility of the
ervical spine

Limited movements*
(mean prevalence) %

Agreement
% Kappa

Flexion 21.0 71 0.19
Extension 33.9 71 0.39
High flexion C0-1 1.6 97 -†

High extension C0-1 1.6 97 -†

Rotation right 45.2 61 0.25
Rotation left 38.7 81 0.61
Combined movement A

right‡
51.6 55 0.15

Combined movement A
left

51.6 81 0.61

Combined movement B
right§

64.5 55 0.19

Combined movement B
left

53.2 58 0.20

Lateroflexion right 48.4 68 0.38
Lateroflexion left 62.9 52 0.05

*Mean prevalence of limited movements found by examiners A and B.
†Kappa cannot be calculated because the number of limited movements

as too small.
‡Combined movement A � extension plus homo-lateral flexion plus

omo-lateral rotation
§Combined movement B � lateral flexion combined with a hetero-

ateral rotation

able 3. Interexaminer agreement of intersegmental mobility of
he cervical spine

Limited
movements†

(mean
prevalence) %

Agreement
(%) Kappa

Right Left Right Left Right Left

C0-1 17.7* 17.7* 77* 77* 0.29* 0.29*
C1-2 8.1 11.1 84 90 0.20 0.37
C2-3 30.7 21.0 77 84 0.34 0.63
C3-4 40.3 19.4 85 65 0.20 0.26
C4-5 56.5 22.6 68 68 0.16 �0.09
C5-6 54.9 29.1 61 55 0.17 0.09
C6-7 45.2 20.5 77 48 0.34 0.03
C7-T1 14.6 16.2 74 77 0.08 0.14
T1-2 17.8 21.0 77 84 0.33 0.46

*Tested movement was flexion; both joints tested at the same time; all
ther tested movements were lateroflexion.

†Mean prevalence of limited movements found by examiners A and B.
al movements varied from 48% to 90%, with a mean of
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4%. The � ranged from �0.09 to 0.63. Only the levels
2-3 and T1-2 on the left side showed a � higher than 0.40.

nterexaminer Reproducibility of Provoked Pain Score
The results of interexaminer agreement and reliability for

he provoked pain scores during general cervical move-
ents are shown in Table 4. The mean difference between

bservers A and B was calculated for each movement and
aried between �1.03 and 0.58. The limits of agreement
ere broadest for lateroflexion to the left. The agreement

cores within 1 point on the numerical rating scale range
rom 46.9 % to 65.7%, with a mean agreement of 53.7%.
he mean agreement within 2 points is 70.6%. To visualize

Table 4. Interexaminer agreement scores according to the Bland a
during assessment of general mobility of the cervical spine

Mean
difference*

SD of
difference

Flexion 0.13 2.22
Extension 0.39 1.96
Flexion C0-1 0.55 2.67
Extension C0-1 0.13 1.86
Rotation right 0.23 2.29
Rotation left �0.61 2.33
Combined movement A right† 0.06 2.43
Combined movement A left 0.71 2.52
Combined movement B right‡ �1.03 2.78
Combined movement B left �0.45 2.22
Lateroflexion right 0.58 2.33
Lateroflexion left �0.19 2.87

ICC, intraclass correlation coefficient.
*Difference in provoked pain score on an 11-point rating scale betwee
†Combined movement A � extension plus homolateral flexion plus ho
‡Combined movement B � lateral flexion combined with a hetero-late

ig 1. Agreement of provoked pain scores on a numerical rating sc
ines, limits of agreement. Straight lines, mean difference between
he results, the best and worst results for the interexaminer m
greement are presented in a Bland-Altman plot in Figure 1.
ll other plots, however, show a distribution between these

esults. The ICCs for provoked pain scores ranged from
.36 to 0.71 for the general mobility of the cervical spine,
ut none of the provoked pain scores reached 0.75.
The agreement of the provoked pain scores during the

ntersegmental movements are shown in Table 5. The mean
ifference between observers A and B varied from �1.10 to
.26, and in most movements, the provoked pain scores for
bserver B were somewhat higher. The limits of agreement
ere broadest for C6-7 on the left side. The agreement

cores within 1 point of the numerical rating scale range
rom 40.6% to 75.0%, with a mean agreement of 58%. The

Altman method and reliability (ICC) scores of provoked pain

ge of
erence

Limits of
agreement

Agreement
� 1 point

%

Agreement
� 2 points

% ICC

10 �4.22, 4.48 56.3 75.1 0.63
10 �3.45, 4.23 62.6 81.3 0.71
14 �4.68, 5.78 46.9 68.8 0.36
9 �3.51, 3.77 65.7 75.2 0.56

11 �4.26, 4.72 56.3 75.0 0.70
10 �5.18, 3.96 50.0 62.5 0.66
9 �4.70, 4.82 50.0 65.6 0.58

11 �4.23, 5.65 53.0 65.5 0.55
10 �6.48, 4.42 46.9 69.3 0.54
9 �4.80, 3.90 50.0 68.8 0.65

12 �3.99, 5.15 56.3 78.2 0.65
12 �5.86, 5.44 50.0 62.5 0.45

aminers A and B.
ateral rotation.
otation.

during assessment of general mobility between examiners. Dotted
aminers.
nd

Ran
diff

n ex
mol
ral r
ale
ex
ean agreement within 2 points is 76.4%. Again, the best
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nd the worst results of the interexaminer agreement are
lotted in Figure 2.
The ICCs for intersegmental mobility ranged from 0.22

o 0.75. An ICC higher than 0.75 was found for the levels
2-3 and C3-4 on the left side and for T1-2 on the right side.

ISCUSSION

Despite considerable training and the use of a standard-
zed protocol, the results of this study showed that the
eproducibility of cervical mobility and pain provoked dur-

Table 5. Interexaminer agreement scores according to the Bland a
during assessment of intersegmental mobility of the cervical spin

Tested
movements

Mean
difference*

SD of
difference

Range of
difference

C0-1 �0.57 1.45 8
C1-2 R �0.48 1.95 9
C1-2 L �0.55 2.83 15
C2-3 R 0.03 2.54 13
C2-3 L �0.13 1.87 9
C3-4 R �0.52 2.32 11
C3-4 L �0.16 2.05 9
C4-5 R �0.83 2.19 11
C4-5 L 0.26 2.64 13
C5-6 R �0.87 2.16 10
C5-6 L �0.16 2.16 9
C6-7 R �0.29 2.53 12
C6-7 L �0.35 3.46 16
C7-T1 R �1.03 2.59 16
C7-T1 L �0.94 2.82 16
T1-2 R �1.03 1.43 6
T1-2 L �1.10 2.28 10

ICC, intraclass correlation coefficient; R, right; L, left.
*Difference in provoked pain score on an 11-point rating scale betwee

ig 2. Agreement of provoked pain scores on a numerical rating sc
otted lines, limits of agreement. Straight lines, mean difference
ng mobility assessments was highly variable and overall
nacceptable. The assessment of intersegmental mobility
howed a slightly better agreement, followed by the agree-
ent for general mobility. However, the � values were

isappointing. The explanation for the differences in agree-
ent and Cohen’s � (the agreement corrected for chance)

ould be the unequal prevalence of positive or negative
ndings.10,17 Fjellner et al,10 for example, only calculated

he � if the mean prevalence of positive findings for 2
xaminers was between 10% and 90%. In this study, the
istribution of negative findings (ie, movement not limited)
as more than 90% for high cervical flexion and extension.

Altman method and reliability (ICC) scores of provoked pain

Limits of
agreement

Agreement
� 1 point

Agreement
� 2 points ICC

�3.41, 2.27 68.7 87.4 0.73
�4.30, �1.83 75.0 84.4 0.56
�6.10, 5.00 65.6 81.1 0.35
�4.94, 5.00 56.4 81.4 0.50
�3.80, 3.53 63.2 82.0 0.78
�5.07, 4.03 62.5 75.1 0.62
�4.18, 3.85 59.4 78.2 0.75
�5.12, 3.46 53.1 78.1 0.62
�4.91, 5.43 40.6 68.7 0.55
�5.10, 3.36 62.6 75.1 0.66
�4.30, 4.07 56.3 71.9 0.65
�5.25, 4.67 53.2 72.0 0.59
�7.13, 6.43 47.0 59.5 0.22
�6.11, 4.05 59.5 75.1 0.45
�6.47, 4.59 56.3 75.1 0.34
�3.83, 1.77 56.3 81.3 0.80
�5.57, 3.37 56.2 71.8 0.54

aminers A and B.

during assessment of intersegmental mobility between examiners.
een observers.
nd
e

ale
betw
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For the general mobility of the cervical spine, the stan-
ard deviation of the difference between provoked pain
cores varied between 2 and 3 points. The limits of agree-
ent, which give an indication of the measurement error,

aried from 4 to 6 points. These limits of agreement are
uch too wide to label them as an acceptable agreement.
he pain scores for the intersegmental movements show
imilar limits of agreement as for the general movements,
ith the exception of a systematic difference between ex-

miner A and examiner B (the scores of examiner B being
ystematically higher).

An ICC score of 0.75 was defined as an acceptable level
f reliability, and in this study, only 3 of the 29 measure-
ents met that criteria.
Studies focusing on the reproducibility of methods to

ssess the cervical spine are rare. Most studies that have
xamined the mobility of the cervical spine have reported
hat it is difficult to achieve a reasonable score for agree-
ent and reliability. Jull et al21 studied interexaminer agree-
ent in detecting cervical joint dysfunction and reported

ery high � values. Viikari-Juntura13 studied a total assess-
ent of the neck with a conventional neurological exami-

ation, palpation of the neck and shoulder region, and
linical tests consisting of 34 items and concluded that only
items showed good agreement. Strender et al12 evaluated

he interexaminer agreement of 10 clinical tests and found
hat only 2 tests had an acceptable agreement. Fjellner et
l10 evaluated a number of clinical tests for the assessment
f passive and intersegmental movement and found an
cceptable agreement in tests of passive general movement
ut found an acceptable agreement in a very few of the tests
or passive intersegmental movement. Smedmark et al11

tudied 4 tests performed on 61 patients and found a rela-
ively high percentage of agreement but fair to moderate �
alues.
The studies carried out by Strender et al12 and Fjellner et

l10 focused on normal healthy subjects, so the results may
herefore not apply to patients with neck pain. The majority
f the above mentioned studies reported that better opera-
ional definitions and testing procedures were needed.

The assessment with the most reliable score reported in
he literature is the foramen compression test (� � 0.43),12

ut the combined movement A in the present study, which
nvolves a similar movement, had a low kappa and agree-
ent on the right side. Because different techniques are

sed in daily practice, it is difficult to make comparisons
etween studies. Furthermore, only a few studies have fo-
used on patients with neck pain, and the agreement and
eliability of provoked pain scores have not been studied.
lthough the pain score during an assessment is rather

ubjective, a classification of a dysfunction is made on the
asis of the parameters of pain or restricted or limited
ovement.2 For most patients, it was very hard to report the

ame pain score. A higher pain score might have been

xpected for the second assessment, but no systematic dif-
erence was found in the scores. The variation is probably
ue to the variation between the examiners,9,22 for example,
ecause of differences in palpation and movements of the
ame level of the cervical spine and/or to the force used for
ver-pressure. Earlier studies have suggested to improve
eproducibility in daily practice by standardization of the
xamination protocol. However, even with extensively
rained physiotherapists, we found unsatisfying results.

Assessments of general or segmental mobility in daily
ractice are poorly reproducible; therefore, to diagnose only
n the outcome of such an assessment is not recommended.
ore research is needed in the search for reliable instru-
ents and techniques in daily practice. For research pur-

oses, it is always possible to increase the sample size,
hich is a strategy to cope with measurements with a large

mount of random error.

ONCLUSION

Despite the use of a standardized protocol to assess
eneral mobility and intersegmental mobility of the cervical
pine, it is difficult to achieve reasonable agreement and
eliability between 2 examiners. Likewise, the patients are
ot able to score the same level of provoked pain in 2
ssessments within an interval of 15 minutes.
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