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EDITORIAL

The new SIF management and the IJP
R. GATTI
School of Physiotherapy, Fondazione Centro San Raffaele, Milan, Italy

T

he III National Congress of the Italian Society of Physiotherapy (Società Italiana di
Fisioterapia, SIF) was held on May 24-25, 2013.
The Congress focused on the therapeutic exercise
applied to musculoskeletal and neurological impairments. About 200 physiotherapists who attended the Congress expressed appreciation for
the scientific level and the relevance of the lectures’ contents. Moreover, 50 communications
have been presented at the Congress as oral communications or posters and the general opinion
has been that the scientific level was high.
I think this was the demonstration of the Italian physiotherapy’s growth, for which the SIF is
giving an important contribution.
In occasion of the Congress, the SIF members’ Annual Meeting has been convened. After
three years of life, the aim of the meeting was
the election of the new SIF management team.
Taking into consideration the results obtained,
the SIF members decided to continue with the
setting given to the Society by the old management and, as the Society statute does not allow
the re-election of the same President, as former
Vice President, I have been elected as the new
SIF President.
The fact that I am both the Editor in Chief of
the SIF scientific journal (IJP) and the President
of the Society could not be appropriated. The
passed three years demonstrated the importance
of role distribution among the members of the
management, in order to maintain a high level of
motivation and collaboration and the possibility

to integrate the activities dedicated to the SIF
with the other professional engagements.
Obviously, each decision about my double
role has to be taken by the management and I
am sure that they will be able to find the best solution, considering first of all the SIF’s interests.
Anyway, this is the occasion for some considerations about the state of the journal. The scientific
level of the publications has always been quite
good and this result has been obtained through
the collaboration of the Editorial board, composed by international experts in both clinical
and scientific aspects of physiotherapy. Especially the three Associate editors Andrew Guccione,
Marco Baccini and Matteo Paci have always
been present, whenever it was useful. Moreover,
the journal has been indexed in Cinahl and we
are waiting for other Databases indexings.
The weakest point of the journal is the low
number of papers submitted. Until the IJP will
not be indexed in greater databases as Scopus,
Embase, Medline etc. it will not be able to attract a higher number of submissions. In the
same time, a greater number of submitted articles could facilitate the process of indexing.
Probably this difficulty is common at the beginning of the life of all scientific journals. Anyway, I am very confident about the IJP future
because Italian physiotherapists are even more
involved in scientific activities and consequently
the number of submissions is expected to increase. The signals are encouraging, so we only
need to keep on working.

Corresponding author: R. Gatti, School of Physiotherapy, Fondazione Centro San Raffaele, Milan, Italy.
E-mail: roberto.gatti@sif-fisioterapia.it
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O R I G I N A L A RT I C L E

Kinematic analysis of 3-dimensional mobilization
techniques of the upper cervical spine:
a reliability analysis and comparison of techniques
G. SGARBI, S. PROVYN, A. SCAFOGLIERI, P. VAN ROY, E. CATTRYSSE
Department of Experimental Anatomy (EXAN), Vrije Universiteit Brussel, Brussels, Belgium

ABSTRACT
Aim. No previous studies analyzed the three-dimensional kinematic aspects of the upper cervical spine during
manual combined mobilizations. The present in-vitro study aims to analyze the kinematic behavior of the atlantooccipital joint during 3D mobilizations and the undesired movements of C1-C2. The comparison between locking
and manual fixation techniques is reported, also considering a kinematic analysis of the performed motions. An intra
and inter-reliability analysis is also studied.
Methods. Twenty fresh human cervical specimens were studied in a test-retest situation with two examiners, using
a Zebris CMS20 ultrasound-based tracking system. Two different 3D- mobilizations (flexion-right axial rotation
and flexion-left axial rotation) of the atlanto-occipital joint were performed, comparing segmental manual fixation
and segmental locking techniques of C1-C2 segment. The intra- and inter-examiners reliability and kinematics were
analyzed.
Results. Although no significant differences between examiners were found, the results do not demonstrate a significant correlation. The manual fixation technique and the direction of axial rotation to the right enables to increase
the flexion motion in the atlanto-occipital joint. The manual fixation nor the locking technique influences the axial
rotation motion in the atlanto-occipital joint. The cross-correlation parameter demonstrated a contra-lateral pattern
between main axial rotation and coupled lateral bending in the atlanto-occipital joint, but an ispi-lateral pattern in
the atlanto-axial joint. The main axial rotation was greater than the coupled lateral bending, mainly in the C1-C2
segment.
Conclusion. The use of different segmental manual techniques during complex mobilizations can influence the
kinematics of the upper-cervical spine. However, as a reproducibility is low, 3D-kinematic variability is high.
(It J Physiotherapy 2013;3:38-46)
Key words: Spine - Biomechanics - Posture.

T

he kinematic analysis of the cervical spine
has been studied by several authors using
different approaches. Some in-vivo studies have
attempted to record normal cervical range of
motion in different postures,1 comparing different instrumentations,2 or analyzing differences
between ages and gender.3
In some experiments,4, 5 the three dimensional physiological movements of the upper cervical
spine (C0-C1, C1-C2 segments) were recorded.

38

Other authors have focused on the coupling behavior of the occipito-atlanto-axial complex during planar motion, in in-vitro as well as in-vivo
studies.
Controversies remain about the behavior of
the coupled motion pattern of the upper cervical
spine. Anatomical variation has been proposed
as one explanation for the reported contradictions. Injuries and different spinal postures may
also influence main and coupled motion pat-
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Figure 1.—Manual mobilization of the atlanto-occipital joint
with manual fixation of C1.

Figure 2.—Manual mobilization of the atlanto-occipital joint
with locking of the lower and mid cervical spine.

terns.6-8 Moreover, the device used during the
measurement process and differences associated
with in-vivo and in-vitro specimens 9 may lead to
variable results.
In manual therapy the three-dimensional aspect (3D) of joint kinematics are assessed and
treated based on a specific concept of motion
coupling.10
Segmental spinal mobilization is proposed as
a way of restricting the desired effect of the intervention to one specific motion segment. It is,
however, not know whether and to what extent
such a restriction can be achieved. Understanding the segmental three-dimensional kinematics of upper cervical manual mobilization techniques is especially relevant in appreciating the
possible risks and effects of such interventions.
As previous studies highlighted, the use of different manual  techniques can have various effects
on the atlanto-occipital joint. In particular the
manual fixation technique focuses on the main
motion, although the locking technique is useful to reduce the undesired movements of the
atlanto-axial joint.11
In literature very few studies report on the
analysis of segmental ranges of movement of
main and coupled motions during manual passive mobilization of the upper cervical spine.
Some studies analyzed the 3D aspects of manual
planar mobilizations of the atlanto-occipital and
atlanto-axial joints,11-13 comparing different segmental fixation techniques with a regional mobilization. The experiments revealed that segmen-

tal mobilizations can reduce coupled motion
components associated to the main motion but
they did not influence the range of the main motion, suggesting that different techniques could
be useful in different situations depending on
the desired effects.
Although these experiments gather useful information concerning manual planar mobilization techniques. To date, there are no studies analyzing the 3D- kinematics of three-dimensional
non-planar, i.e., combined or complex mobilization of the upper cervical spine.
This study aims to present an in-vitro experimental study, conducted by two expert manual
therapists, in which the kinematics of the upper cervical spine were recorded during manual
three-dimensional mobilization, i.e., combined
flexion with axial rotation, in the atlanto-occipital joint. Two different techniques used in manual therapy were compared: segmental manual
fixation of the lower segment and segmental 3Dlocking technique (Figures 1, 2).
The purpose of this study was threefold: to
better understand 1) how different manual
techniques can influence the kinematics of
the upper cervical spine; 2) the relationship
between the three-dimensional main motion
and the coupled components; 3) how 3Dmobilizations differ from planar mobilizations
and to analyze inter- and intra- therapist reliability of these effects. The methodology of
the study has been used previously in similar
experiments.
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Materials and methods
Specimens
In this experimental study 20 fresh human
spinal specimens were included (9 male and 11
female). Each specimen included the occiput,
the cervical segments and the first two thoracic
vertebrae. The mean age of the specimens was 80
years (± 11 years) with a range 59 to 97.
Room temperature was controlled between
15° and 20° and humidity was above 60% to
prevent dehydration of the specimens during the
test procedure.
Instruments
A Zebris CMS20 ultrasound-based motion
tracking system (Zebris Medical GmbH – Germany) was used in this study.
The accuracy of the system has been studied
previously, demonstrating an angular accurancy
of <0.2.14
Raw data were recorded as ASCII files and
kinematic data were computed using Mathcad
14.0 M020 professional software.
Methods
It has been demonstrated that the biomechanical properties of ligaments and tendons do
not change due to conservation by freezing.23, 24
In all specimens the skin, subcutaneous tissue
and muscles were taken, leaving the muscular
insertions and ligaments intact. This procedure
is necessary because, due to the fixation of the
ultrasound system on the segments, uncontrolled movements and coupled motions might
occur.
Specially fabricated fixation tools were inserted in the parietal part of the occiput (C0),
the transverse process of the atlas (C1) and the
transverse process of the axis (C2). The transmitters and the receiver of the Zebris system
were mounted on these fixation tools. Before
starting the mobilizations, the optimal positioning of the device was controlled for every
specimen. The specimen was mounted in a supine posture on an examination table to simu-
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late a physiotherapy session. The dissection and
the optimal positioning of the fixation tools
guaranteed free mobility of the cervical spine
through full range of motion in axial rotation,
lateral bending, flexion-extension and combined directions.14
During the experiment each specimen
was manually guided through two mobilizations. First a flexion and right axial rotation
mobilization was performed in the C0-C1
segment, and subsequently a flexion and left
axial rotation. These two types of mobilization
were executed with two different segmental
techniques, with the purpose of focusing the
movement at the cervical segment that had to
be treated. Firstly, in the manual fixation technique, the therapist fixed the axis manually by
the posterior arch while mobilizing the head
in flexion-axial rotation direction. Secondly,
in the locking technique, the inferior cervical
spine was brought into a three dimensional
end-range position combining flexion, lateral
bending and contralateral axial-rotation up
to the C1-C2 segment before mobilizing the
atlanto-occipital joint.11 All the mobilization
techniques were performed three times consecutively in a test-retest session by two expert
manual physiotherapists. Both examiners performed a trial with feedback of the tracking
system in a test-retest session on one specimen
to optimize concordance between the mobilizing techniques and to get customized with the
test set-up.14 The test-retest order was assigned
randomly for the two investigators, who were
blinded from the analysis data of the system
during testing.
3-D angles of motion
The positional angles used in the present
analysis are reproduced from the Zebris-winbiomechanics software. A graphical representation
of the calculated angles has been presented by
Wang et al.25
The angles are defined according to a local reference frames based on the transverse processes
and anterior tubercle of the atlas in close concordance with guidelines of International Society of Biomechanics (ISB).26
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Statistical analysis

Figure 3.—Bone embedded coordinate system on C1. X-axis:
segmental flexion-extension, Z- axis: segmental lateral bending
axis, Y-axis: segmental axial rotation axis

Left and right are respectively represented by and + signs (Figure 3).
Data analysis of motion coupling patterns
Six different parameters were defined to describe the pattern of motion coupling between
the main flexion-axial rotation and the coupled
lateral bending movement in an objective way.
The starting point was not strictly defined before the execution of the mobilization, therefore
the motion was derived from the extreme position reached regarding each axis. This results in
three positions: flexion, axial rotation and lateral
bending positions, labeled Max X, Max Y, Max
Z, respectively.
The Euclidean norm, represented by the formula:
x 2 + y2 + z 2

represents a vector which can be considered
a mathematical representation of the overall
amount of motion.
The cross-correlation (CC) between the axial
rotation and the coupled lateral bending component can be considered the equivalent of a Pearson correlation coefficient.
The ratio between the axial rotation and the
coupled lateral bending was defined as the ratio
of the extreme positions of axial rotation and lateral bending motions.
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SPSS software (©SPSS Inc., Chicago, IL,
USA, version 19.0) was used for the statistical
analysis of results using the 5% significance level
(P<0.05).
The reproducibility of the results was studied by analysis of differences and correlations
between test and retest results of two operators.
Parametric techniques were used after controlling data distribution by a Kolmogorov-Smirnoff
goodness-of-fit test.
For both segmental mobilization techniques,
locking and manual fixation, the differences between paired data of measurements were defined
using an analysis of variance (ANOVA) and consecutive paired Student’s t-test.
The strength of the correlation between parameters in different measurement situations
was estimated by the intra-class correlation
coefficient (ICC). The classification of this index is included between <0 and 1, where <0 is
“poor”, 0-0.20 is “slight”, 0.21-0.40 is “fair”,
0.41-0.60 is “moderate”, 0.61-0.80 is “ substantial”, 0.81-1.00 is “almost perfect” correlation, and negative values demonstrating negative correlations.
Results
Intra- and interexaminers reliability
An ANOVA was performed to analyze differences between the results of the two examiners in
the test-retest situation (Table I).
Regarding the atlanto-occipital joint, only
significant differences between examiners were
demonstrated for the extreme axial rotation position during flexion-right axial rotation with
manual fixation (FRM01). On the other hand,
more differences between examiners and between repeated executions were demonstrated at
the atlanto-axial joint.
Analyzing the variables of the extreme position in the three different directions (Max X,
Max Y, Max Z), only three comparisons did
not show statistical differences: flexion-right
rotation and left axial rotation of C0-C1 with
locking technique (FRL 01, FLL 01), and flex-
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Table I.—ANOVA of 3D-mobilizations (test-retest in two examiners).
Parameters

MAX X
MAX Y
MAX Z
EUCL. NORM
CC
RATIO

FRM 01

FLM 01

FRL 01

FLL 01

0.946
0.017*
0.940
0.194
0.651
0.401

0.339
0.167
0.555
nc
0.536
0.813

0.131
0.114
0.259
nc
0.615
0.223

0.122
0.122
0.915
nc
0.960
0.673

FRM 12

0.400
0.668
0.001**
0.002**
0.920
0.242

FLM 12

FRL 12

FLL12

0.035*
0.875
0.139
0.81
0.610
0.352

0.000**
0.649
0.368
0.014*
0.184
0.898

0.001**
0.639
0.004**
0.05*
0.261
0.896

Max X: extreme position flexion movement; Max Y: extreme position axial rotation movement; Max Z: extreme position lateral bending movement;
Eucl. norm: Euclidean norm; CC: cross-correlation between axial rotation and lateral bending motions; Ratio: relative amount between axial rotation and lateral bending motions; FRM: flexion-right axial rotation with manual fixation; FLM: flexion-left axial rotation with manual fixation;
FRL: flexion-right axial rotation with locking technique; FLL: flexion-left axial rotation with locking technique; 01: C0-C1 segment, 12: C1-C2
segment.nc: not calculated. *: P≤0.05; **: P≤0.01.

Table II.—Intra-class correlation coefficients of kinematic parameters.
C01
Right left
Parameters

Manual lock

C12
Right left
Manual lock

Manual lock

ICC

MAXX
MAXY
MAXZ
Eucl. norm
CC
Ratio

0.62**
-0.32
0.50*
-0.09
0.43*

Manual lock

ICC

0.76**
0.33
-0.31
nc
0.40
0.17

0.47*
0.68**
-0.20
nc
0.35
-0.15

0.15
0.79**
-0.39
nc
0.17
0.11

0.67**
0.30
0.54**
-0.13

0.47*
0.32
0.72**
0.17
0.09

-0.30
0.47*
-0.42

0.10
0.54**
0.50*
0.13

ICC: intra-class correlation coefficient; Manual: manual fixation technique; Lock: locking technique, right: right axial rotation, left: left axial
rotation Max X: extreme position flexion movement; Max Y: extreme position axial rotation movement; Max Z: extreme position lateral bending
movement; Eucl.norm: Euclidean norm; CC: cross-correlation between axial rotation and lateral bending motions; Ratio: relative amount between
axial rotation and lateral bending motions; 01: C0-C1 segment; 12: C1-C2 segment; nc: not calculated, - parameters showing statistical significant
differences from ANOVA, *: P≤0.05, **: P≤0.01.

ion-left rotation C0-C1 with manual fixation
(FLM 01).
In all cases where the single values showed significant differences between examiners the Euclidean norm was calculated to be further analyzed using Student’s t-test.
The strength of correlations was estimated
by the intra class correlation coefficient (ICC)
which varied between 0,43 to 0,79, only showing statistical significance in a limited number of
comparisons (Table II).
Max X during flexion left and right rotation
mobilization with locking technique and flexion- left rotation with manual fixation in C1C2 segment (FRL 12, FLL 12, FLM 12) shows
no differences for the intra-examiners comparisons, as well as the Euclidean norm, during
flexion-right and left axial rotation with manual
fixation.
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Analysis of differences between techniques
The mean and the standard deviation within
examiners were calculated for all the parameters
that showed acceptable intra- and interobserver
reliability (Table III).
Most of these values present not significant
ICC-values. For that reason only a limited
number of comparisons between different techniques could be performed using the Student’s
t-test (Table IV).
The analysis of techniques shows a significant
difference (P=0.001) of 2.6° in the flexion motion during the manual fixation in the atlantooccipital joint, and a difference (P=0.02) of 1.6°
between the flexion-right axial rotation and
flexion-left axial rotation. Otherwise axial rotation movement is not influenced by the type of
segmental fixation.
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Table III.—Mean values (SD) of the extreme position of the three direction (in degrees).
N.=20

FRM 01
FLM 01
FRL 01
FLL 01
FRM 12
FLM 12
FRL 12
FLL 12

Max X

Max Y

3.06 (4.5)
1.4 (4.6)
0.4 (5.7)
-0.7 (4.3)
-0.04 (5.3)
-

Max Z

-0.3 (5)
1.4 (4.4)
-0.3 (6.2)
5.3 (5)
0.5 (3.9)
23 (11.9)
-21 (8.4)

0.39 (2.2)
1.7 (2.9)
-1.9 (3.4)
1.2 (3.2)
2.7 (6.3)
-1.1 (8.4)

N: number of specimens; SD: standard deviation; Max X: extreme position flexion movement; Max Y: extreme position axial rotation movement;
Max Z: extreme position lateral bending movement; FRM: flexion-right axial rotation with manual fixation; FLM: flexion-left axial rotation with
manual fixation; FRL: flexion-right axial rotation with locking technique; FLL: flexion-left axial rotation with locking technique; 01: C0-C1 segment; 12: C1-C2 segment, -:statistical significant values in the ANOVA test, the mean was not calculated.

Table IV.—Manual vs. locking fixation technique, right rotation vs. left rotation during manual fixation (Student’s t-test/
C0-C1 segment).
Mean (SD)

Manual vs. locking
Max X01: FRM vs. FRL
Max Y01: FLM vs. FLL
Right vs. left rotation
Max X01: FRMvsFLM

2.6 (2.9)
-0.02 (3.6)
1.6 (2.9)

Sign

0.001*
0.976
0.02*

Manual: manual fixation technique; Locking: locking technique; right: right axial rotation movement; left: left axial rotation movement; SD: standard deviation; Sign: significant, *:P≤0.05, Max X: extreme position flexion movement; Max Y: extreme position axial rotation movement; FRM:
flexion-right axial rotation with manual fixation; FLM: flexion-left axial rotation with manual fixation; FRL: flexion-right axial rotation with locking technique; FLL: flexion-left axial rotation with locking technique; 01: C0-C1 segment; 12: C1-C2 segment. *: P≤0.05.

Cross-correlation
The means and standard deviation of CC were
calculated for negative and positive values separately.
The mean CC-values of atlanto-occipital joint
movements tend to be generally negative demonstrating a contra-lateral coupling between
axial rotation and lateral bending motion components, while in the atlanto-axial joint it is
generally a positive value demonstrating an ipsilateral coupling pattern (Figure 4).
The mean CC-values for the C0-C1 segment
vary from -0.55 to -0.90 and from 0.53 to 0.93.
Cross-correlation values for the C1-C2 segment vary from -0.05 to -0.83 and from 0.39
to 0.81.
Ratio
As for the cross-correlation parameter, the
means and standard deviation of the ratio be-
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tween segmental axial rotation and segmental
lateral bending motion components were calculated for the test-retest data. The values for contra-lateral and ipsi-lateral coupling specimens
were calculated separately.
Ratio’s for C0-C1 segment vary from -0.7
(0.44) to -5.6 (13.9) and from 0.6 (0.48) to 11.5
(34.9).
At the C1-C2 segment ratios vary from -1.6
(0.6) to -13.4 (20.2) and from 1.6 (0.8) to 31.8
(64.7).
The extreme position of the axial rotation motion component exceeds the extreme position of
coupled lateral bending, mainly in the C1-C2
segment.
Discussion
The purpose of the study was to analyze the
kinematic behavior of the atlanto-occipital joint
of two different three-dimensional mobiliza-
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Figure 4.—Motion coupling pattern during flexion-left axial rotation with manual fixation technique in C0-C1 segment (specimen 173/Mathcad-graph). A) Contralateral combination of axial rotation and lateral bendig; B) ipsilateral combination of axial
rotation and lateral bendig. xhk: flexion-extension axis; yhk: axial rotation axis; zhk: lateral bending axis; k: sampling size 20Hz.

tions, flexion-right axial rotation and flexion-left
axial rotation, comparing two different segmental manual techniques to fix the atlanto-axial
joint. However, before comparing techniques
inter- and intra-therapist reproducibility had to
be analyzed.
Reproducibility of manual and more specifically segmental mobilization techniques remains
a debatable matter. Previous studies 14 showed
differences in intra-examiner reproducibility between observers.
In this experiment low level of intra- and inter-examiners reproducibility was demonstrated.
One might suppose that a higher level of experience and familiarity with the applied techniques
could increase the inter-examiner reliability level.
However, this was not demonstrated from the results as no higher test-retest reproducibility could
be demonstrated for one examiner over the other.
Mobilizations were performed on the C0-C1
segment, whereas the lower segment C1-C2 was
fixed. Thus, the attention of the examiners was
pointed on the mobilized segment. This in turn
might explain partly why the reproducibility results were lower on the atlanto-axial segment.
Although relative minor differences between
consecutive registrations were observed, the
ICC’s are not statistically significant in the majority of comparisons, varying from 0.43 to 0.79,
i.e., from moderate to substantial. This result
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might be related to the fact that the occipitoatlanto-axial complex exhibits the highest total
range of motion when compared with other cervical segments,9 and also by the fact that there
may be less control of the mobilized segment by
the therapist during a 3D mobilization, with respect the execution of a planar mobilization.
The analysis of differences between the two
different segmental fixation techniques, on one
hand, and between opposite direction of axial
rotation movement on the other hand, shows
respectively a mean difference of 2.6° and 1.6°.
However, the axial rotation movement is not influenced by the type of segmental fixation in the
C0-C1 segment.
Regarding the extreme positions reached in
the three motion directions during different
types of mobilization, it seems that the coupled
lateral bending motion in C0-C1 segment is
not influenced by the locking nor by the manual fixation technique (0.39° to 1.9°), while the
manual fixation technique seems to reduce the
axial rotation motion in the C1-C2 segment
(0.5°-5.3° in manual fixation versus 21°-23° in
locking technique). This might be explained by
the nature of the fixation. By fixing the posterior
arch of C1 between index and thumb, the examiner seems to be well capable of controlling the
axial rotation in the atlanto-axial joint.
This confirms the results of a previous
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study 11 which showed a reduction of associated
axial rotation and lateral bending motions using
the manual fixation technique without influencing the main of flexion-extension motion component in the C0-C1 segment, and a reduction
of all movement component in the atlanto-axial
joint with the locking technique.
Moreover previous studies 12 also observed a
reduction of coupled lateral bending and flexion-extension motion during an axial rotation
mobilization using a manual segmental fixation
technique. In the same study,12 during a lateral
bending mobilization of C1-C2 segment, the
manual fixation technique reduced the effect
on the coupled flexion-extension component.
This study, according to previous articles, helps
the manual therapist to choose among different
techniques, according to the effect he wants to
obtain on the cervical segment: reducing the undesired movements on lower cervical segments
or focusing on the main three-dimensional motion.
The relationship between the axial rotation
and the coupled lateral bending components is
described by the cross correlation (CC) analysis. It seems that the CC in the atlanto-occipital
joint tends to be a negative value, representing
a contra-lateral coupled lateral bending, while
in the atlanto-axial joint there is a tendency towards a positive value, showing an ispi-lateral
coupled lateral bending motion.
The contra-lateral pattern of axial rotation
with lateral bending in C0-C1 segment confirms
the findings of previous studies,6, 7, 9, 12, 15-19 but
this does not occur for the C1-C2 segment in
the present study. In general in the literature, a
contra-lateral pattern of coupled lateral bending
is observed at the atlanto-axial joint during planar main axial rotation or main flexion-extension movement.
In agreement with other studies,6, 8, 13, 22 in
this experiment the ratio showed a larger extreme axial rotation position than the extreme
lateral bending position both in the ispi-lateral
and contra-lateral coupling specimens, mainly
at the C1-C2 segment. This can be explained
by the fact that the major motion component
taking place in the C1-C2 segment is axial-rotation.
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There are many differences between the previous studies 11, 12 and the present experiment.
First of all the number and the type the of specimens, 6 embalmed versus 20 fresh specimens.
Secondly the previous studies analyzed only the
intra-examiner reproducibility of one observer.
The acceptable intra-examiner reproducibility
and significance in the ICC values permitted to
perform a more extensive comparison between
techniques. Finally, the differences between
planar and combined mobilization. During all
previous studies that analyzed the upper-cervical spine, only planar movements were performed, and very few studies analyzed the effect
of manual mobilization techniques. This could
explain the complexity and the differences of
the results for such complex mobilization techniques.
Conclusions
The results show a low intra- and inter-examiners reliability in the C0-C1 segment, as well
as in the lower C1-C2 segment. This is mainly
demonstrated from the low ICC-values.
The complexity of the upper cervical spine
anatomy, the complexity of the mobilization
techniques and the relative great mobility of the
upper-cervical segments compared to the mid
cervical spine, could influence the reproducibility of the 3-dimensional kinematics of segmental
complex mobilizations.
A manual fixation technique can increase the
main flexion motion, without affecting the axial
rotation motion. Moreover, the direction of the
axial-rotation motion can influence the main
flexion motion in the atlanto-occipital joint.
A contra-lateral coupled lateral bending motion in the C0-C1 segment was observed, in
agreement with previous studies, in contrast
with an ipsi-lateral coupled lateral bending in
the C1-C2 segment. The ratio shows a greater
axial rotation motion compared to the coupled
lateral bending, especially in the C1-C2 segment
both for ipsi-lateral and contra-lateral coupling
specimens.
The results of this in-vitro study suggest that
the use of different segmental manual techniques
during complex mobilizations could partly re-
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sult in different kinematics of the upper-cervical
spine, although the specific effect may vary due
to intra- and inter- examiner variability.
Further in-vivo studies are warranted and may
validated these results.
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Inter-tester reliability of determining glenohumeral
joint accessory motion and humeral head position
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ABSTRACT
Aim. The manual examination of glenohumeral joint accessory motion and humeral head position are components
of the examination of the shoulder joint. Quantifying inter-tester reliability of these measures provides insight into
their clinical usefulness. Furthermore, there is a need to investigate the hypothesis that humeral head position affects
the reliability of glenohumeral joint accessory motion measurements.
Methods. Two therapists examined both shoulders of 40 subjects with unilateral shoulder pain for glenohumeral
anterior, posterior and inferior glides, and humeral head position. Inter-tester reliability was calculated for each of
these measures, and separately for glenohumeral glides when therapists agreed on humeral head position.
Results. Kappa scores for glenohumeral glides were less than 0.30, whereas the Kappa coefficient for humeral head
position was 0.55. Kappa scores improved to 0.56 and 0,46 respectively for anterior and posterior glides when testers
agreed on humeral head position.
Conclusion. The inter-tester reliability of glenohumeral joint accessory motion was poor for all glides when humeral
head position was not accounted for, whereas it was moderate for humeral head position. When humeral head position was taken into consideration, anterior and posterior glide reliability coefficients improved, but only to moderate
levels. (It J Physiotherapy 2013;3:47-54)
Key words: joints - Shoulder joint - Manipulation, orthopedic.

J

oint mobilization/manipulation is a common
manual intervention used to treat patients
with shoulder conditions. It has been shown to
be effective in managing patients with impingement syndrome,1-4 adhesive capsulitis 4-7 and
nonspecific shoulder conditions.8
A glenohumeral joint accessory motion examination is essential for diagnosing glenohumeral
joint hypermobility 9, 10 or instability,4, 12, 13 and
is a prerequisite for administering joint mobilization/manipulation interventions performed to
increase accessory motion at the glenohumeral
joint.9, 10, 14 Several methods of manually examining joint accessory motion have been proposed. Kaltenborn 9 described 2 commonly used
methods in his text, titled “Manual Mobili-
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zation of the Joints”. One of these 2 methods
for examining accessory joint mobility entails
gliding one of the articulating bones in a direction parallel to the flattened out concave joint
surface. In the case of the glenohumeral joint,
the humerus is glided in 3 different directions
in relation to the glenoid: posterior to anterior
(“anterior glide”), anterior to posterior (“posterior glide”), and superior to inferior (“inferior
glide”). During the execution of the glide, the
therapist makes a judgment regarding whether
motion is normal, hypomobile or hypermobile.
These grades are based on the amount of excursion compared with a ‘normal’ joint, as well as
the quality of the end feel. An accessory motion
judged to have decreased excursion and an end
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feel that is more firm than expected is graded hypomobile, whereas a motion with greater than
expected excursion accompanied by an end feel
that is less firm than what is considered normal
is graded hypermobile. Kaltenborn9 suggested
that therapists with less experience rely on direct
comparisons with normal joints to make these
determinations. Most therapists determine accessory joint mobility by comparing the accessory motion of an affected joint with the same
motion on the unaffected side.13, 15
One prerequisite for determining the usefulness of a diagnostic test is quantifying the extent to which a measurement is reproducible, or
reliable. We were able to identify 4 prior studies11-13, 16 in which the reliability of the determination of glenohumeral joint accessory motion
without the use of instrumentation in un-anaesthetized subjects was reported.
In 3 of these studies,11-13 subjects were asymptomatic, whereas in the 4th study16 8 of 18 subjects were asymptomatic. The 10 symptomatic
subjects in this latter study were diagnosed with
a variety of shoulder musculoskeletal disorders,
however the investigators did not distinguish
between asymptomatic and symptomatic subjects in their analyses. Patients with shoulder
pain seen in musculoskeletal rehabilitation clinics have shoulder impairments that are likely to
be different from those seen in healthy subjects,
and reliability coefficients therefore likely vary
between these 2 groups. Since the population
of interest to rehabilitation therapists consists of
patients with symptomatic joints, determining
the test reliability of commonly used examination procedures in a population of symptomatic
subjects is essential for understanding the clinical usefulness of these examination procedures.
In 2 of the aforementioned studies in which
only asymptomatic subjects were included, subjects were athletes,11, 12 and study results only addressed the reliability of normal vs. hypermobile
judgments. Patients seen for conservative management of shoulder conditions are not necessarily athletes, and are typically evaluated for both
hypermobility and hypomobility. Identifying
the test reliability of subjects who are likely to
present with the range of joint accessory motion
impairments commonly seen in outpatient clin-
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ics is also an essential component of interpreting
test results in the clinical setting.
In all 4 studies, intra-tester reliability coefficients were reported. Three of the 4 studies 11, 13, 16 also reported inter-tester reliability. In
many outpatient clinics, patients are often seen
by more than one therapist. Arguably, treatment
of patients seen by more than one therapist will
be more consistent and more accurately address
the true impairment if therapists agree on accessory motion examination results. There is a need
to determine the inter-tester reliability of shoulder accessory motion in subjects with symptomatic shoulders who are being seen in outpatient
clinics for conservative management of their
shoulder symptoms.
During the physical examination of a patient
with shoulder pain, clinicians often palpate the
humeral head to determine if it is correctly positioned in relation to the acromion.17-19 This
evaluation procedure is performed by identifying the location of the humeral head relative to
that of the acromion.17-19 Typically, this examination procedure is performed to determine if
anterior positioning of the humeral head could
be contributing to shoulder pain,17 specifically
impingement syndrome.18, 19 Lin et al.20 suggested that the position of the humeral head
might influence the results of accessory motion
testing. For example, if the posterior capsule is
hypomobile and the anterior capsule is hypermobile, then this asymmetry could cause the
humeral head to be positioned more anterior in
relation to the acromion than what is considered ‘centered’. This condition could result in
a difference in joint excursion from that which
would occur if the humeral head is correctly positioned in relation to the acromion. If this is
the case in a reasonable percentage of patients
with shoulder conditions, then addressing humeral head position during an accessory motion
examination should improve accessory motion
judgments.
One prerequisite to establishing the validity
of this hypothesis is identifying the reliability
of determining humeral head position. Two different investigators evaluated the reliability of
the determination of humeral head position
in 3 separate articles.17-19 Subjects consisted of
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healthy athletes in 2 studies,17-18 whereas in the
3rd study 19 patients with a provisional diagnosis
of impingement syndrome or rotator cuff disease were included. In all 3 studies,17-19 measurements were made from a photograph taken
while palpating the shoulder structures. One
study protocol also stated that a custom made
device was used to position the shoulder.17 Inter-tester reliability was reported in 2 of these
studies,17, 18 whereas in 2 studies, intra-tester reliability was reported.17, 19
Instrumentation, such as photography and
positioning devices, is often not available or
practical in the clinical setting. Most clinicians
therefore rely on manual palpation techniques
to evaluate humeral head positioning. To our
knowledge, no study has evaluated the intertester reliability of the manual determination of
humeral head positioning in subjects receiving
conservative treatment for symptomatic shoulders.
We hypothesized that reliability could be adversely affected by humeral head positional impairments; for example, if the first test procedure
for joint accessory motion produced a change in
the position of the humeral head in relation to
the acromion, thus changing the perception of
joint accessory motion during the second accessory motion test procedure. To our knowledge,
no study has evaluated the inter-tester reliability
of the manual determination of humeral head
positioning in patients with shoulder pain, or
the effect of agreement in relation to humeral
head position on the determination of shoulder
accessory joint motion.
This study had 2 purposes. The first aim was
to determine the inter-tester reliability of glenohumeral joint anterior, posterior and inferior
glide accessory motion testing and humeral head
position without the use of instrumentation in
subjects with shoulder pain seen in the outpatient musculoskeletal rehabilitation setting. Secondly, we aimed to determine whether humeral
head positioning has an effect on the reliability
of these examination procedures. In relation to
this 2nd aim, we hypothesized that the reliability
of determining glenohumeral accessory motion
would improve when both therapists agreed on
the position of the humeral head.
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Materials and methods
Both shoulders of 40 subjects with unilateral
shoulder symptoms who were referred to an outpatient therapy clinic for evaluation and management of their shoulder condition between
September 2004 and July 2008 were included
in this study. Potential subjects with bilateral
shoulder symptoms were excluded because in a
typical testing procedure, an uninvolved shoulder is used for comparison purposes.13,15 Potential subjects were also excluded if they were less
than 18 years of age; or if they had a history of
shoulder surgery, osteoporosis, a shoulder fracture within the 8-week period prior to initiating therapy, or a delayed or non-union shoulder
fracture. Subjects were also excluded if they were
judged by the first evaluating therapist to have a
hot, swollen or red shoulder joint. All subjects
who met the aforementioned inclusion/exclusion criteria agreed to participate and completed
data collection.
The University of Medicine Dentistry New
Jersey Institutional Review Board approved this
study. All study-related activities were carried
out in accordance with the ethical standards of
the Helsinki Declaration of 1975, as revised in
2000. All subjects signed informed consents, and
anonymity and confidentiality was preserved.
Testers consisted of one physical therapist
(JD) and one occupational therapist (NP), each
with more than 20 years experience evaluating
and treating patients with musculoskeletal conditions. In relation to patients with upper extremity musculoskeletal conditions, they worked
in the same clinic, shared similar practice patterns and frequently shared patients. We therefore believe that it is unlikely that differences in
the determination of shoulder joint accessory
motion and humeral head position were due to
differences in education.
Before initiating the study, the testers developed a standard protocol for determining glenohumeral accessory motion and humeral head
positioning. (Appendix A) Glenohumeral joint
motion was graded “hypomobile”, “normal”, or
“hypermobile”, for each of the 3 glides, whereas
humeral head position was graded “anterior”,
“centered”, or “posterior”. We did not formally
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consider end feel in our determination of joint
accessory motion, since end feel judgments have
been shown to decrease the reliability of the determination of glenohumeral joint motion in
prior studies.11,13
Each subject was instructed to lie on his or
her back with both shoulders exposed. Depending on scheduling considerations, subjects were
examined first by either one of the 2 therapists.
The affected shoulder was evaluated first, so that
the therapist could assess for the presence of a
red, hot, or swollen joint, as these were exclusion criteria for participation in the study. The
therapist first palpated the affected shoulder to
make a determination regarding the relative position of the humeral head in relation to the acromion. This therapist then moved the humerus
in an anterior, posterior, and inferior direction
in random order, and assessed the amount of
excursion. The procedure was repeated on the
unaffected shoulder. A second therapist repeated
each of these procedures immediately after the
first therapist completed these procedures. The
second therapist was blinded to the results of the
examination performed by the first therapist.
All additional examination procedures were deferred until after both therapists had completed
these examination procedures.
Statistical analysis
Data were analyzed using SAS version 9.2.
Kappa scores were calculated for all subjects for
each of the 3 shoulder accessory motions and for
humeral head position. Separate Kappa scores
were calculated for each of the 3 shoulder accessory motions in which only those subjects for
whom both testers agreed on humeral head position, and only those subjects for whom both

testers agreed that the humeral head was correctly positioned in relation to the acromion were
included.
Results
Subjects were between the ages of 36 and 82
years, with a mean age of 57. Twenty-eight of
the 40 subjects were female, and 18 had rightsided pain. A summary of the test results for
glenohumeral glides and humeral head position
is provided in Table I.
Kappa scores for all 40 subjects, for the 31
subjects with whom the therapists were in agreement regarding humeral head position, and for
the 12 subjects with whom both therapists determined that humeral head position was centered, are reported in Table II. When all subjects were analyzed, for each of the 3 shoulder
motions, inter-tester reliability was poor, ranging from K=0.26-0.27, whereas the reliability
of palpating the position of the humeral head
was K=0.55. Accessory motion Kappa scores
improved to more acceptable levels for anterior
(K=0.56) and posterior (K=0.46) glides when
only subjects for whom both therapists agreed
on humeral head position were included in the
analyses. When comparing anterior and posterior glides under conditions in which clinicians
agreed on humeral head position with the same
glide when clinicians disagreed on humeral head
position, Kappa scores were markedly higher
when clinicians agreed. Improvements did not
occur for inferior glide assessments when humeral head position was considered (K=0.27).
Additional improvements did not occur consistently when only subjects with whom the therapists agreed that the humeral head was centered
in relation to the acromion were included; how-

Table I.—Summary of the test results for glenohumeral glides and humeral head position.
Anterior glide

Therapist #1
Therapist #2

50

Hypomobile N.=20
Normal N.=20
Hypermobile N.=0
Hypomobile N.=23
Normal N.=16
Hypermobile N.=1

Posterior glide

Hypomobile N.=25
Normal N.=14
Hypermobile N.=1
Hypomobile N.=23
Normal N.=15
Hypermoble N.=2

Inferior glide

Humeral head position

Hypomobile N.=30
Normal N.=9
Hypermobile N.=1
Hypomobile N.=23
Normal N.=16
Hypermobile N.=1

Anterior N.=23
Centered N.=17
Posterior N.=0
Anterior N.=23
Centered N.=16
Posterior N.=1
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Table II.—Kappa coefficients (95% confidence intervals) and percent agreement for inter-tester reliability of anterior, posterior
and inferior glides, and humeral head position.

All subjects
(N.=40)
Subjects in which both therapists agreed on humeral head
position
(N.=31)
Subjects in which both therapists disagreed on humeral head
position
(N.=9)
Subjects in which both therapists agreed that the humeral head
position was centered
(N.=12)
Subjects in which both therapists disagreed on humeral head
position or agreed that it was not centered
(N.=28)

ever confidence intervals for these analyses were
wide.
Discussion
Based on the interpretation of Kappa scores
proposed by Landis & Koch,21 the inter-tester
reliability of glenohumeral glides were fair to
poor (Kappa scores of 0.40 and below), whereas Kappa scores for humeral head positioning
were consistent with moderate agreement (Kappa scores between 0.41 and 0.60). The intertester reliability of anterior and posterior glides
improved to moderate levels when testers were
in agreement regarding the position of the humeral head, suggesting that judgments related
to humeral head positioning affect the reliability
of the assessment of these glenohumeral glides.
Inferior glide reliability coefficients did not improve when therapists were in agreement regarding humeral head position, perhaps because this
technique is less affected by the position of the
humeral head.
We were able to identify 3 other studies in
which the inter-tester reliability of the examination of glenohumeral joint accessory motion,
performed without the use of instrumentation
was calculated.12-13,16 Results from these 3 studies also demonstrated unsatisfactory inter-tester
reliability, (Table III) indicating that inter-tester
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Anterior glide

Posterior glide

Inferior
Glide

Humeral head
position

K=0.27
(-0.02, 0.55)
63%
K=0.56
(0.28, 0.83)
74%
K=-0.60
(-1.00, -0.15)
0.11%
K=0.50
(0.08, 0.92)
75%
K=0.13
(-0.23, 0.48)
57%

K=0.26
(-0.03, 0.56)
63%
K=0.46
(0.14, 0.79)
74%
K=-0.40
(-0.92, 0.12)
22%
K=0.33
(-0.17, 0.83)
50%
K=0.24
(-0.11, 0.59)
57%

K=0.27
(0.00, 0.53)
65%
K=0.27
(-0.03, 0.58)
65%
K=0.27
(-0.19, 0.73)
67%
K=0.51
(0.07, 0.94)
75%
K=0.20
(-0.06, 0.47)
61%

K=0.55
(0.30, 0.80)
78%

reliability is too low to make comparisons between therapists in clinical practice. Several reasons for poor reliability have been reported in
the literature. These include failure to standardize the test position,12-13,20 differences in scapular fixation across trials,20 variability in the forces
imparted to produce movement,11-13 the subjective nature of the interpretation of the test result,12, 13 and differences in the amount of muscle relaxation from one test to the next.11-13, 20
Lin et al.20 also suggested that humeral head position could affect reliability.
In our study, we developed a standardized test
procedure, and both testers trained together before initiating the study. This protocol did not
address scapular fixation, nor did it standardize
the amount of force implemented to produce
movement or the interpretation of the amount
of joint movement. However, we did standardize
test position and evaluate for the effect of humeral head position. Possibly, reliability could
improve further if these other issues identified
by prior investigators were addressed in our test
procedure; however, standardizing test procedures to address these issues would require instrumentation.
Our standardized protocol also did not address muscle spasm or guarding. The possibility
that muscle spasm or guarding could affect the
determination of joint accessory motion is sup-
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Table III.—Prior studies investigating the reliability of glenohumeral joint accessory motion of un-anaesthetized subjects without the use of instrumentation.
Subjects

Testers

Inter-tester
Reliability

Intra-tester
Reliability

K=0.05-0.07

K=0.06-0.30

Glide

Levy 11

43 asymptomatic
athletes, 86
shoulders

4 physicians

Van Duijn 16

18 subjects, 10
with a history
of shoulder
dysfunction
8 asymptomatic
baseball pitchers,
16 shoulders
15 asymptomatic
subjects

3 physical
therapists

ICC= 0.52

1 physical
therapist

none

ICC=0.50

Anterior

K=0.09
K=0.21

K=0.34
K=0.53

Anterior

Ellen-beck-er 12
Ellen-beck-er 13

4 physicians
and 3 physical
therapists

Anterior, Posterior and
Inferior
(an axially applied 10 lb.
weight was first used to
center the humeral head
in the glenoid fossa)
ICC=0.53-0.88 Inferior

Scale
1 – 3 for hypermobility
not incorporating end
feel

7 point grading scale
ranging from ankylosed
to unstable not
incorporating end feel
5 point grading system
for hypermobility
incorporating end feel
4 point grading system
for hypermobility
incorporating end feel
2 point grading system
not incorporating end
feel

Table IV.—Prior studies investigating the reliability of humeral head position.
Subjects

Testers

Inter-tester
Reliability

Intra-tester
Reliability
ICCs=0.5-0.86

Bryde17

31 asymptomatic
subjects

2 therapists

ICCs=0.48-0.56

Mc Kenna18

15 asymptomatic
junior elite swimmers
26 subjects with a
provisional diagnosis
of impingement
syndrome or rotator
cuff disease

3 physical
therapists
1 radiologist
and 1 physical
therapist

ICCs=0.49 - 0.68

Mc Kenna19

None

ported by a study by Farber et al.,22 in which
they reported that over 15% of subjects with
shoulder instability failed to relax enough to allow a joint motion examination to be performed.
In the clinical setting, many practitioners would
response to this situation by implementing techniques to reduce muscle spasm or guarding before evaluating joint accessory motion; however
our protocol did not allow for these interventions. Spasm or guarding, if present during the
1st examination, could change as a result of the
testing performed by the first therapist, impacting on the second therapist’s determination of
test results.
One additional consideration is that the
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Instrumentation

Instrumentation to
hold arm in position.
Measurements were
taken from a photograph
None
Measurements were
taken from a photograph
ICC=0.85-0.91 Measurements were
taken from a photograph

Scale
Measured in
millimeters
Measured in
millimeters
Measured in
millimeters

amount of accessory motion might have changed
(increased) as a result of the testing performed by
the first therapist. A visual inspection of the data,
however, suggests that this was not the case. Finally, in the clinical setting, the determination
of accessory motion is often affected by other
evaluation findings that are considered in conjunction with those obtained during accessory
motion testing and palpation procedures, such
as the reported mechanism of injury, the presence of pain or apprehension during accessory
motion testing or the observation of generalized
joint laxity. In our study, we did not account for
these other examination findings in our determination of accessory motion and humeral head
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position. Further studies designed to determine
if the inter-tester reliability of glenohumeral
joint accessory motion testing can be improved
should consider humeral head position, but
should also address these additional issues.
In our study, reliability was acceptable for the
determination of humeral head position. Three
other investigators evaluated the reliability of
this measurement.17-19 In all of these studies,
instrumentation was used and humeral head
position was measured in millimeters; therefore
ICCs (Intraclass Correlation Coefficients) were
reported (Table IV). Reliability measures for
these studies are therefore not directly comparable with ours. Two investigators reported that
reliability coefficients were highest when the
subject was measured in the sitting position,17, 19
whereas our measurements were taken with the
subject in supine. Our measurements might
have been more accurate had we positioned the
subject in sitting; however this would have required the subject change position during the
testing procedure to evaluate accessory motion,
thereby potentially affecting the subject’s ability
to relax.
Our study had several limitations. First, the
order of testing of the 2 therapists was not randomly assigned. Additionally, prevalence issues
might have affected our accessory motion Kappa scores, as only a few subjects were judged
to have hypermobile accessory motion or a humeral head that was posteriorly positioned. The
low prevalence of these examination categories
would cause Kappa coefficients to be artificially
lowered,23 thus the reliability of accessory motion and humeral head position might be higher
than suggested by our statistical results.
Conclusions
Inter-tester reliability was poor, but improved
to moderate levels for anterior and posterior
glides when testers agreed on the position of the
humeral head. Similar improvements were not
seen for the measurement of mobility in an inferior direction. Glenohumeral joint anterior and
posterior motion should be examined only after
the therapist examines for glenohumeral joint
positioning.
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APPENDIX A

Description of the protocol used to determine accessory motion and humeral head position.

The patient was positioned supine on a treatment table
with a pillow under the head and a round bolster under
the knees. Before testing, the examiner checked the pillow
under the patient’s head and repositioned it as needed to
allow unrestricted movement.
The examiner first determined the position of the humeral head relative to the acromion and in comparison
to the uninvolved side. The examiner then tested for accessory motion. Using a large goniometer, the examiner
positioned the humerus in approximately 40 degrees in
the scapular plane and performed each of the 3 accessory
motion glides. The examiner did not attempt to change
the position of the humerus at any point during the testing procedure. The procedures are described below.
Humeral Head Position: The examiner first placed one
hand around the acromion and clavicle on the affected
side. With her other hand, the examiner then palpated
for humeral head position by placing the fingers over
the anterior aspect and thumb over the posterior aspect
of the humeral head. She repeated this procedure on the
non-involved side. From the information obtained by palpating these structures and comparing the relative position of these landmarks on both affected and unaffected
shoulders, the examiner made a determination regarding
whether the humeral head was positioned correctly in relation to the acromion, or whether it was positioned anterior or posterior. If the relevant landmarks of both shoulders
were symmetrical, then the therapist concluded that the
humeral head was centered. Any perceived difference was
considered to constitute an impairment in humeral head
position. If the humeral head was determined to be closer
to the anterior acromion and clavicle, then the therapist
concluded that the humeral head was positioned anteriorly. Conversely, if the humeral head was determined to be
closer to the posterior acromion, then the therapist concluded that the humeral head was positioned posteriorly.
Anterior Glide: The examiner first placed one hand on
the anterior aspect of the acromion and clavicle on the af-
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fected side to stabilize the scapula. The arm was positioned
against the examiner’s ribcage with the elbow slightly
flexed, and the humerus abducted to approximately 40
degrees in the scapular plane. The examiner’s other hand
supported the upper arm on the posterior and proximal
surface. The examiner then glided the humerus in an anterior direction. For comparison purposes, the same procedure was then performed on the unaffected shoulder.
Using the information obtained from these procedures,
the examiner then determined whether the motion on
the affected shoulder was decreased, equal to, or increased
compared with the unaffected side.
Posterior Glide: The examiner first placed one hand under the scapula on the affected side to stabilize the scapula.
The arm was positioned against the examiner’s ribcage
with the elbow slightly flexed, and the humerus abducted
to approximately 40 degrees in the scapular plane. The examiner’s other hand grasped the upper arm on the anterior
and proximal surface. The examiner then glided the humerus in a posterior direction. For comparison purposes,
the same procedure was then performed on the unaffected
shoulder. Using the information obtained from these procedures, the examiner then determined whether the motion on the affected shoulder was decreased, equal to, or
increased compared with the unaffected side.
Inferior Glide: The examiner first placed one hand on
the neck of the scapula on the affected side to stabilize
the scapula. The arm was positioned against the examiner’s
ribcage with the elbow slightly flexed, and the humerus abducted to approximately 40 degrees in the scapular plane.
The examiner’s other hand supported the upper arm on
the lateral and proximal surface. The examiner then glided the humerus in an inferior direction. For comparison
purposes, the same procedure was performed on the unaffected shoulder. Using the information obtained from
these procedures, the examiner then determined whether
the motion on the affected shoulder was decreased, equal
to, or increased compared with the unaffected side.
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REVIEW

Modifications of spatial-temporal parameters during
gait after total knee arthroplasty: a systematic review
R. FIORENTINI 1, S. MAGGIONI 1, M. RESTELLI 1, S. FERRANTE 1, 2, M. MONTICONE 1
1Physical Medicine and Rehabilitation Unit, Salvatore Maugeri Foundation, Institute of Care and Research (IRCCS),
Scientific Institute of Lissone, Milan, Italy; 2Neuroengineering and Medical Robotics Laboratory, Bioengineering
Department, Politecnico di Milano, Italy

ABSTRACT
Successful total knee arthroplasty (TKA) is expected to lead to pain relief, better physical performances and an enhanced quality of life. Achieving a physiological gait pattern is also considered an important treatment goal and walking parameters are increasingly investigated during physical assessment after TKA. The aim of this systematic review
was to examine how spatial-temporal gait parameters actually change after TKA. The databases of Medline, Cinahl,
Embase, Pedro and the Cochrane Library were searched for English language full-text articles comparing TKA patients
and controls on the basis of gait analysis. The methodological quality of each study was assessed by using the Downs
and Black’s checklist. Only the main spatial-temporal values of gait were considered because they can be measured
by means of more accessible and cheaper equipment than opto-electronic systems, and are easier to contextualise in
clinical practice. A total of 121 references were retrieved, and five articles were selected. Although the study protocols lacked common features, and there were discrepancies in the comparisons of patients and controls, we found
that spatial-temporal gait parameters improved after surgery, but not always significantly; when compared to healthy
control groups, patients undergoing TKA did not achieve the same gait patterns; and interlimb differences remained
after surgery, probably as a consequence of maladaptive strategies adopted before TKA. Understanding how these
parameters change after TKA is important in clinical practice as it is expected to improve post-surgical treatment and
to avoid exaggerated articular loading with respect to osteoarthritis progression. (It J Physiotherapy 2013;3:55-63)
Key words: Arthroplasty, replacement, knee - Arthroplasty, replacement, knee - Review literature as topic.

K

nee osteoarthritis (OA) is the most common
joint disorder in industrialised countries.
Data from a recent survey indicate that the agestandardised prevalence of radiographic knee
OA is between 19.2% and 27.8% in subjects
aged >45 years, and approximately 37% in those
aged >60 years; the age-standardised prevalence
of symptomatic knee OA is 16.7% among subjects aged >45, and higher among subjects aged
>60 years.1
Total knee arthroplasty (TKA) is a cost-effective means of reducing pain, improving function, and enhancing the quality of life of patients
with OA, within orthopaedic literature.2-4 It has
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been estimated that the demand for primary
TKA procedures will increase from 450,000 in
2005 to 3.5 million by 2030,5 mainly because
of population aging and the obesity epidemic.1, 2
Studies on gait analysis have raised doubts that,
after TKA, subjects may not achieve walking patterns comparable to that of age-matched healthy
controls, one or more years after surgery.6-11 This
may be caused by the presence of the “stiff-knee
pattern”, which consists in prolonged activity of
lower limbs muscles and reduced knee flexion
during the load absorption phase.12 Also, abnormal muscular co-contractions around the knee
have been found after TKA as compensatory
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mechanism aimed at providing a better control
of knee kinematics during stance phase.13
The majority of the validated assessment developed for patients with TKA due to knee OA
are self-administered questionnaires that evaluate functional impairments subjectively.10, 14
However, functional outcome scores may not
strictly correlate with walking ability, and it has
been recommended that gait analysis should
be used in order to obtain an objective assessment,9, 10, 14, 15 because it provides quantitative
measures of spatial-temporal parameters that
can help to identify the mechanisms causing gait
disturbances and understand compensatory gait
strategies. Walking evaluations are also important as pathological gait mechanics and asymmetric joint patterns increase weight bearing on
non-operated knees and predispose to OA progression.15, 16
However, how spatial-temporal parameters
during gait change after TKA have not yet clearly defined, and the aim of this study was to investigate these modifications by means of a systematic review of the existing literature.
Materials and methods
The study was approved by our hospital’s Institutional Review Board.
Study selection criteria
Studies were considered eligible for review if
they: 1) involved patients who had undergone
TKA mainly because of OA; 2) included a presurgery gait analysis; 3) compared TKA patients
with unimpaired controls; 4) collected spatialtemporal gait data; 5) provided original raw
data; and 6) were written in English. These criteria were chosen in order to allow the findings
of the studies to be compared with a minimum
of confounding factors. There were no limitations concerning the date of publication. All of
the potentially eligible studies were evaluated by
three authors (RF, SM, MR) without considering the results. The selected studies were then
reviewed by all of the authors of this paper, with
any disagreement concerning eligibility being resolved by discussion.
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Table I.—Search strategy.
Search N. Strategy

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Arthroplasty, replacement, knee [Mesh]
Total knee replace*
Total knee arthroplasty
1 or 2 or 3
Biomechanic*
Kinematic*
Kinetic*
Gait analysis
5 or 6 or 7 or 8
Walk*
Gait
Ambulat*
10 or 11 or 12
4 and 9 and 13

* it means that the authors searched all of the words with these specific
beginning.

Search strategy
The search for articles was completed in December 2011. The databases of Medline, Cinahl,
Embase, Pedro and the Cochrane Library were
searched for full-text articles using combinations
of the following key words: “arthroplasty”, “replacement”, “knee”, “total knee replace*”, “total
knee arthroplasty”, “biomechanic*”, “kinematic*, “kinetic*”, “gait analysis”, “walk*”, “gait”
and “ambulat*” (Table I).
In order to look for additional articles of interest, we evaluated the “related articles” option of
PubMed and hand-searched the bibliographies
of the selected studies.
Methodological quality
Downs and Black’s checklist 17 was chosen as
a mean of evaluating the quality of each study
on the basis of the findings of the review by McClelland et al.,7 and applied using only the criteria relevant to assess potential sources of bias
in non-randomised trials. The criteria were as
follows: item 1, is the hypothesis/aim objective of
the study clearly described?; item 2, are the main
outcomes to be measured clearly described in the
Introduction or Methods section?; item 3, are the
characteristics of the patients included in the study
clearly described?; item 5, are the distributions of
principal confounders in each group of subjects to
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be compared clearly described?; item 6, are the
main findings of the study clearly described?; item
7, does the study estimates of the random variability
in the data for the main outcomes?; item 12, were
those subjects who were prepared to participate representative of the entire population from which they
were recruited?; item 16, if any of the results of the
study were based on “data dredging”, was this made
clear?; item 18, were the statistical tests used to assess the main outcomes appropriate?; item 20, were
the main outcome measures used accurate (valid
and reliable)?; item 25, was there adequate adjustment for confounding in the analyses from which
the main findings were drawn?; item 27, did the
study have sufficient power to detect a clinically important effect where the probability value for a difference being due to chance is less than 5%?.
If the item was clearly addressed, it was given
a positive mark; if not, it was given a negative
mark. If an item was mentioned but not completely addressed, it was given a “partial” mark.
Spatial-temporal parameters
We chose to restrict our investigation to spatial and temporal parameters because they can be
measured by means of cheaper and more accessible
equipment than opto-electronic systems, and are
more easily contextualised in clinical practice.18
The reviewed studies used various spatial
(e.g., stride length, step length and step width)
and temporal parameters (e.g., cadence, stride
time, step time, double-limb support, single/
double support, stance phase and swing phase),
as well as spatial-temporal gait speed. In order
to compare the results of the studies, we decided to consider only gait speed, cadence, stride
length and stride time as these were the most
frequently analysed parameters (Table II for full
definitions).19
Table II.—Definition of gait parameters.19
Parameter

Definition

Gait speed
The distance covered in a given amount of time
Stride length The distance between successive points of initial
contact of the same foot.
Cadence
Steps per minute
Stride time
The time for the completion of a right and a left
step
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Results
The overall search identified 121 articles, of
which five 20-24 were selected on the basis of our
inclusion criteria. The step by step selective process is reported in details in Figure 1.
Table III shows their main characteristics.
There were differences in the gait analysis
protocols, although all of them had the subjects
walk at their preferred speed.20-24 The controls
in the study of Smith et al.22 were asked to
walk at a slow, medium and fast pace, and the
data closest to the patient group were used for
comparative purposes. In the studies by Sukru
Solak et al., Yi-ming et al. and Smith et al.20-22
spatial-temporal gait parameters were assessed
during level walking, whereas the participants
in Mandeville’s studies 23, 24 also crossed obstacles 23 and ascended stairs 24 (but we only recorded the level walking parameters). In most
of the studies, the subjects were instructed to
walk along a 10-metre walkway for the gait assessment,21, 23, 24 whereas Sukru Solak et al. used
a 4.6-meter walkway.20 In Mandeville’s studies,
the patients were barefooted,23, 24 whereas those
in the study of Smith et al. wore their usual
footwear with low heels.22
There was also a difference in the number of
walking tests used for gait assessment. One study
used a minimum of five and a maximum of eight
tests,22 and Mandeville et al. used up to five tests
depending on each subject’s tolerance.23, 24 The
use of several tests allowed the subjects to become accustomed to the experimental protocol.
Methodological quality
Table IV summarises the results of the methodological quality assessment. All of the papers
clearly described the aim of the study, the chosen outcome measures, and the patients’ characteristics. Most studies clearly described their
main findings, and showed appropriate statistical analyses, including measures of random
variability, although power calculations were not
showed and only one study 22 took into account
confounding factors. None provided evidence
that the subjects were representative of the target
population.
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Analysis of spatial-temporal parameters
Table V shows the results of each of the included study in terms of mean values and standard deviations of the selected gait parameters obtained both by experimental and by the control
groups at different timepoints. When appropriate statistical analyses were found,22-24 the significant differences between groups and within
different timepoints were also registered.
Most relevant trends of gait parameter are
specified as follows:
—— gait speed. In comparison to preoperative
data, all of the patients improved gait speed but at
different timepoints. The studies which analysed
more of one assessment point showed the patients maintained the attained results.21, 22 Only
Yi-ming’s did not reach age-matched healthy
controls;21
—— cadence. All of the studies which analysed

cadence showed an increase in TKA patient at
different timepoints; the TKA groups of Sukru
Solak and Yi-Ming’s studies 20, 21 maintained this
improvement over time. Sukru Solak and Smith’s
patients 20, 22 reached age-matched healthy controls values;
—— stride time. All of the studies which analysed stride time found an improvement after
TKA at different timepoints and all of the patients reached age-matched healthy controls values.20, 22, 23 The TKA group of Sukru Solak’s study
maintained these improvements over time.20
Figure 2 shows the parameters analysed in
each study, with the columns indicating the values of each parameter at the different timepoints.
Discussion
Despite some methodological shortcomings
and the small number of the studies included,

Figure 1.—Flowchart of included articles.
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Table III.—Characteristics of the groups included in the reviewed studies.
Study

Groups

Age
(years)

Participants

Analysed
parameters

Assessments

N.=24 women

67 (57-78)

Cadence,
3 assessments:
–– before TKA
stride length,
–– 1 year after TKA stride time
–– 2 years after TKA

Controls
TKA with
patella
resurfacing

N.=12 women
N.=26 (16
women, 10
men)

65 (59-73)
67±7.94

TKA without
patella
resurfacing

N.=25 (14
women, 11
men)

66±6.11

Smith AJ. 22

TKA

N.=34

69±7

Mandeville 23

Controls
Controls
TKA

N.=20
67±7 years
N.=12 women 65 (59-73)
N.=21 (15
63.7±7.56
women, 6 men)

Controls

N.=22 (14
62.7±4.26
women, 8 men)

TKA

N.=21 (15
62.6
women, 6 men) (50-70)

Controls

N.=21 (16
62.7
women, 5 men) (50-70)

1 assessment
3 assessments:
–– before TKA
–– 3 months after
TKA
–– 1 year after TKA
3 assessments:
–– before TKA
–– 3 months after
TKA
–– 1 year after TKA
2 assessments:
–– before TKA
–– 12-18 months
after TKA
1 assessment
1 assessment
2 assessments:
–– before TKA
–– 6 months after
TKA
2 assessments:
–– 6 months
between
assessments
2 assessments:
–– before TKA
–– 6 months after
TKA
2 assessments:
–– 6 months
between
assessments

Sukru Solak 20 TKA

Yi-Ming. 21

Mandeville 24

Velocity,
cadence,
stride length

Statistics

Paired t test to evaluate
within- group changes;
independent sample t test
to evaluate between-group
changes
ANOVA to evaluate withingroup changes

Velocity,
cadence,
stride length,
stride time

Paired t test to evaluate
within- group changes, p
= 0.017; repeated measure
ANOVA to evaluate
between- group changes

Velocity,
stride length
stride time

Repeated measure ANOVA
to evaluate within- and
between-group effects
p = 0.0125 (Bonferroni’s
correction)

Velocity,
stride length,

ANCOVA to evaluate
within- and between-group
effects (covariate = walking
velocity)
p = 0.0125 (Bonferroni’s
correction)
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Item 2

Item 3

Item 5

Item 6

Item 7

Item 12

Item 16

Item 18

Item 20

Item 25

Item 27

Patients
described

Confounders
described

Main findings
clearly described

Measures
of random
variability

Subjects represent
population

Planned analysis

Appropriate
statistics

Accurate
outcome measure

Adjustment for
confounders

Power calculation

Sukru Solak 20
Yi-Ming 21
Smith 22
Mandeville 23
Mandevillle 24

Outcomes
described

First author
[reference]

Item 1

Downs and
Black criteria 17

Clear aim

Table IV.—Assessment of methodological quality.

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

No
No
Yes
Partially
Partially

Yes
No
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

No
No
No
No
No

Yes
Yes
Yes
Yes
Yes

No
No
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

No
No
No
Yes
Yes

No
No
No
No
No
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Table V.—Values gait parameters of each studies.
SUKRU SOLAK 20
Parameters

Cadence (step/min)
Stride Length (m)
Stride time (s)

Pre-op

1 year post-op

2 years post-op

Healthy

96±6
0.89±0.08
1.2±0.13

100±6
0.99±0.04
1.05±0.18

100±6
0.98±0.06
1.05±0.13

106 ±3,5
1.03±0.02
0.99±0.08

YI-MING 21
Patella resurfacing
Parameters

Gait speed (m/s)
Cadence (step/min)
Stride Length (m)

Patella non resurfacing

Pre-op.

3 months
post-op

1 year
post-op

Pre-op.

3 months
post-op

1 year post-op

0.52±0.10
86.97± 15.85
0.90±0.21

0.92±0.08
99.46±8.36
1.08±0.16

0.91±0.11
99.60±7.66
1.08±0.14

0.56 0.10±
86.52±14.49
0.88±0.17

0.89±0.12
94.17±10.19
1.03±0.12

0.86±0.13
94.68±9.39
1.05±0.13

Healthy

1.01±0.14
101±11
1.14±0.12

SMITH 22
Parameters

Gait speed (m/s)
Cadence (step/min)
Stride Length (m)

Pre-op

1 year post-op

Healthy

0.97±0.16
101.0±12.9
1.15±0.13

1.05±0.12 *
103.0±8.8 *
1.22±0.13 *

1.08±0.14
101.3±11.8
1.26±0.12

MANDEVILLE 23
Parameters

Gait speed (m/s)
Stride Length (cm)
Stride time (s)

Pre-op

6 months post-op

Healthy baseline

Healthy 6 months later

0.94±0.38 #
109.6±28.8 #
1.20± 0.28

1.06±0.32 *,#
117.1±24.2 *, #
1.12±0.18 *

1.14±0.37
125.4±28.3
1.11±0.28

1.21±0.3
129.1±23.1
1.08±0.17

MANDEVILLE 24
Parameters

Gait speed (m/s)
Stride Length (cm)

Pre-op

6 months post-op

Healthy baseline

Healthy 6 months later

0.89±0.04 #
104.55 ±3.03 #

1.05±0.03 *,#
115.54±2.48 *,#

1.14±0.04
125.87±2.99

1.21±0.03
129.11±2.42

* significantly different within assessments of the TKA patients (P<0.0125); # significantly different between groups (P<0.0125)
Pre-op=pre-operatively; Post-op=post-operatively.

the findings of this review show that the spatial-temporal gait parameters of TKA patients
improve after surgery, but do not necessarily
attain the values of healthy age-matched controls.
Comparison of the studies included in this
review 20-24 allows to identify the main characteristics of the gait of TKA patients. All of the
studies showed improvements in pre-TKA gait
patterns at each follow-up time, but there were
differences between the patients and controls.
In both Mandeville’s studies,23, 24 none of the
spatial-temporal parameters reached the level of
the control group six months post-operatively,
similarly the patients of YI-Ming’s study 21did
not reach the level of the control group in less
than one year; but after 12 months, in Smith
et al.’s. study 22 the results in the TKA group
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were similar to those observed in the respective
control group; on the contrary, Sukru Solak’s
study 20 did not reach the values observed in the
respective control group even one and two years
after surgery. Hence, walking spatial-temporal
parameters at baseline seem important determinants of post-surgical estimates in order to
achieve a physiological gait pattern. Moreover,
although the improvements in spatial-temporal
variables may indicate enhanced locomotor
ability following surgery, six months may be too
short to resolve the symptoms and reach control gait speed.25 In highly impaired subjects,
this would be consistent with the antalgic gait
adopted by patients with knee OA in an attempt
to reduce compression at the knee during the
stance phase in response to pain, as described by
Kaufman et al.26
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Figure 2.—Mean values and standard deviations of velocity (A), cadence (B), stride length (C) and stride time (D) attained by the
TKA and control groups in the different studies. The columns indicate the values of each parameter at the different timepoints. The
shaded horizontal area shows the values obtained by the control groups: the lower limit is the mean value of the different studies
minus standard deviation, and the upper limit the mean value plus standard deviation.

Also Otsuki et al. has suggested that changes in
the gait parameters of OA patients reflect a gait
pattern that prevents pain and reduces load on the
knee,27 and Sukru Solak et al.24 attributed the normalisation of their patients’ gait parameters to the
relief of knee pain one year after TKA. It is also remarkable to note that the improvement obtained
after one year does not change after two years.24
Interestingly, Mandeville et al. found little knee
moment support during walking, which suggests
that deficits in muscle activation and atrophy of
the quadriceps persist for six months.20, 21 It is
possible that TKA patients use their involved knee
as a strut rather than a damping element when
supporting the body during gait both before and
after surgery; the greater contribution of the TKA
hip extensor to moment support may compensate
for the diminished contribution of the knee extensor during level walking. Beth et al. found that
TKA candidates showed a significant preoperative
deficit in quadriceps muscle activation that par-
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tially resolved 33 months after surgery, although
significant impairment continued.28
Yi-Ming also evaluated the effects of different
TKA interventions, and analysed the differences
in gait parameters between patients with and
without a resurfaced patella,21 and found no significant between-group difference after one year.
This finding has also been reported by two other
authors:29, 30 in Pollo et al.29 no significant differences were found in the biomechanics of walking,
stair climbing, or chair rising between patients after TKA with and without a resurfaced patella; in
the same way, Smith et al.’s study concluded that
there were no clinically relevant differences in
level walking gait between total knee arthroplasty
performed with or without patellar resurfacing.
Limitations of the study
The main limitations are the small number of
studies considered (due to our strict inclusion
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criteria) and the fact that they were difficult to
compare because they analysed different variables
and used different timepoints. Furthermore,
some of the variables were described in only one
study. Hence, the results should be interpreted
with caution as the selected studies show methodological shortcomings, partially limiting the
interpretation of the findings.
It is therefore necessary to conduct further
controlled studies analysing pre- and post-TKA
data at the same times in order to be able to draw
more definite conclusions concerning the changes in walking parameters.
Clinical and research suggestions
Spatial-temporal gait parameters change after
TKA and normalise after more than one year
only in some cases. Hence, understanding how
these parameters change after TKA is important
in clinical practice as it is expected to improve
treatment planning. It would be advisable to focus rehabilitation after TKA also for the re-acquisition of correct gait cycle pattern, balance and
neuromotor control in order to shorten the time
needed to recover a physiological gait.31, 32 However, evidence on this topic is still inadequate,
and it would be interesting to investigate whether
different rehabilitation protocols lead to different
changes in spatial-temporal gait parameters.
Three of the selected studies 20-22 in this review
analysed spatial-temporal parameters by computing the mean value of the right and left legs; however, as most cases of TKA are one-sided, it is more
important to know the difference between the two
in order to understand the symmetry of the patients’ gait. It is suggested that future studies should
also investigate the changes in step symmetry.
Finally, identifying and correcting gait impairments frequently found after TKA may help preventing excessive articular loading and promoting better load distribution at other joints of the
lower extremities with respect to progression of
multi-articular OA.33
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managers for mechanical, non-inflammatory disorders
M. BACCINI, A. LENZINI
Unit of Functional Rehabilitation, Azienda Sanitaria di Firenze, Florence, Italy

Dear Editor,

M

usculoskeletal disorders are a relevant cause of disability
and, because of their high prevalence, constitute a major
health problem in industrialised societies. Back pain and lowback pain (LBP), in particular, show epidemic proportions.1
A recent review 2 found that, based on data from 165 studies
providing estimates for 54 countries, the median prevalence according to the prevalence period was 15, 32.1, 37.4 and 42 for
point, 1-month, 1-year and lifetime prevalence, respectively.
Moreover, the economic burden of LBP is enormous and appears to be growing over years.3
At the SIF Congress 2013, Anthony Delitto showed that
a large amount of the economic burden of LBP derives from
high-priced exams, that are in most cases useless, and from interventions that have been clearly demonstrated to be not effective. Delitto suggested that the main reason for continuing
to prescribe such exams and interventions for people with LBP
may actually be the economic interest of providers. He also
showed that a change in the health care services organization
for LBP, with a central role of physiotherapists in LBP management, yields to a significant reduction of the burden, though
the proportional cost for physiotherapy increases. New management models have been successfully experimented also in
Northern Europe.4-6 The need to rethink management models
and front line care for people with back pain is, therefore, imperative and is also acknowledged by clinicians.7
The question is: what about Italy? In Italy the state of affairs is clearly similar to the one described by Delitto, or even
worse, with a high number of imaging exams improperly
prescribed and of non evidence-based treatments routinely
delivered by health services, in particular by private services.
At present, clinical pathways for people with musculoskeletal
conditions are not standardised. Frequently, general practitioners refer their patients to the orthopedic specialist regardless of
the presence of indications for surgery, and several patients are
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first referred to the rheumatologist or the pain specialist. When
patients are referred to physiotherapy services, frequently they
are not cared for in a reasonably short time and treatments
delivered for similar conditions may greatly differ among rehabilitation centers. Moreover, the involvement of different
professionals occurs in a disorderly manner, with unnecessary
duplications of visits.
To improve cares for musculoskeletal disorders, in 2011
the Azienda Sanitaria di Firenze (a local Health Unit in Florence) started the OPTIMUS (OPTImized MUSculoskeletal
care pathways) project, aimed at experimenting the suitability and the effectiveness of an innovative clinical pathway for
people with these conditions. The study involved 12 general
practitioners and a number of specialists and physiotherapists.
Six general practitioners referred all their patients with a musculoskeletal condition to a single physiotherapy service at the
“Piero Palagi” hospital, except for cases where an inflammatory
pathology was suspected. In that case, patients were referred to
the rheumatologist through a fast-track pathway. Patients referred by these practitioners constituted the experimental group
(EXP). Patients with musculoskeletal pain referred by the other
six general practitioners, who acted as controls (CNTR), were
evaluated with the same outcome measures as the experimental group but were treated with the usual care for their condition. All participants were assessed at baseline and 3 and 6
months later through telephone interviews. Outcome measures
were: 1) use of drugs; 2) the Short Form-36 (SF-36), a healthrelated quality of life scale validated in the Italian language;8
3) the Measure Yourself Medical Outcome Profile (MYMOP)
patient-generated questionnaire, assessing the severity of symptoms, their impact on function and general wellbeing.9 At the
3- and 6-month follow-up two further questionnaires were administered, to evaluate the perceived global outcome and patients’ satisfaction. The main novelty of the OPTIMUS project
is the identification of the physiotherapy professional as the
“case manager” for people with mechanical, non-inflammatory
musculoskeletal pain. For EXP group patients referred to the
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physiotherapy service, in fact, physiotherapists could choose
to administer a direct intervention or just to give advices for
self-management and/or propose practising a regular physical activity, or even to ask for a specialist’s consultation when
needed. Moreover, briefings with specialists to discuss complex
or not-responding cases were scheduled weekly.
Out of 246 patients enrolled, 216 were in the EXP group
and 40 in the CNTR group. As expected, back pain (low-back
pain or neck pain) was the most prevalent condition (EXP:
65%, CNTR: 60%). At present, 115 patients with back pain
completed the follow-up periods, 97 in the EXP group and 18
in the CNTR group. The difference in groups sample sizes is
largely due to a very low rate of referral by general practitioners
of CNTR group. We briefly summarise here the results in this
subgroup of patients.
At baseline, there were no differences between the EXP and
CNTR groups as regards age, gender, use of drugs, MYMOP
and SF-36 scores. Data from the first and second follow-up
showed that patients in the EXP group improved more than
controls. In more details, patients in the EXP group, compared to controls, had a greater improvement in several physical sections of SF-36 at 3 months (P<0.005) and at 6 months
(P<0.05), a greater reduction of pain and activity limitations and a greater increase in general wellbeing at 3 and at 6
month (P<0.001), and used less drugs at 6 months (P<0.05).
Moreover, groups significantly differed in the perceived global
outcome at both follow-ups (P<0.001): at 3 months 58% of
patients in the EXP group and 24% of controls stated their
symptoms were resolved or much improved and these percentages were similar at 6 months (58% compared to 22%); at 3
months, none in the EXP group but 24% of controls referred
a worsening in their symptoms, whereas at 6 months these percentages were 4% and 17%, respectively. Finally, patients in
the EXP group were significantly more satisfied than controls
with the intervention (P<0.001, at both follow-ups). Costeffectiveness analyses are yet under investigation, but patients
in the EXP group performed a very small number of imaging
exams and were rarely referred to specialists.

BACCINI

Data presented support the efficacy of a management model for back pain that allows general practitioners to have quickly accesses for their patients to the appropriate health services
(physiotherapy or specialists visits) and that identifies the physiotherapist as the case manager for people with mechanical,
non-inflammatory musculoskeletal pain. In our opinion, the
model should be widely applied but at present both political
and cultural obstacles likely hinder its large diffusion in health
care services organization.
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