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ovement and pain patterns in early stage primary/idiopathic
adhesive capsulitis: a factor analysis

Sarah Walmsley ∗, Peter G. Osmotherly, Darren A. Rivett
School of Health Sciences, Faculty of Health, The University of Newcastle, University Drive, Callaghan, NSW, 2308 Newcastle,

Australia

bstract

bjectives  To evaluate patients clinically diagnosed with early stage primary/idiopathic adhesive capsulitis to determine the existence of any
attern of movement loss and associated pain that may facilitate early recognition.
esign  Cross-sectional study.
etting  Private upper limb specialty clinic, Newcastle, Australia.
articipants  Fifty-two patients clinically diagnosed with early stage adhesive capsulitis by a medical practitioner or physiotherapist.
ain  outcome  measures  Percentage loss of active and passive ranges of eight shoulder movements and the pain level at the end of each
ovement. The reason for limitation of movement was also recorded.
esults  Factor analysis clearly identified two groups for percentage loss of active range of movement. Notably external rotation movements
rouped separately from other movements. A single group emerged for percentage loss of passive range of movement suggesting a non-specific
lobal loss. For both pain at the end of active range of movement and passive range of movement two groups emerged, however the delineation
etween the groups was less clear than for percentage loss of active range of movement suggesting a pattern of end range pain may be less
seful in identifying patients in this stage.
onclusions  External rotation movements in neutral and abduction generally group together and behave differently to other shoulder
ovements in patients clinically diagnosed with early stage primary/idiopathic adhesive capsulitis. In particular external rotation in abduction

as emerged as the most painfully limited movement in this sample. This study provides preliminary evidence of patterns of range of movement
nd end range pain that require testing in a population of mixed shoulder diagnoses to determine their diagnostic utility for early stage adhesive

apsulitis.

 2014 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.

eywords: Shoulder patterns; Shoulder pain; Adhesive capsulitis; Range of motion; Factor analysis
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ntroduction

Adhesive capsulitis is a shoulder disorder that is recog-
ised as consisting of three stages and reported to last from
Please cite this article in press as: Walmsley S, et al. Movement and pai
factor analysis. Physiotherapy (2014), http://dx.doi.org/10.1016/j.physio

ne to three years [1]. The disorder is described as either
rimary or idiopathic when the onset is insidious, and sec-
ndary when a known event precedes the onset [2]. Adhesive

∗ Corresponding author. Tel.: +61 2 49636545; fax: +61 2 49217053.
E-mail addresses: Sarah.Walmsley@uon.edu.au

S. Walmsley), Peter.Osmotherly@newcastle.edu.au (P.G. Osmotherly),
arren.Rivett@newcastle.edu.au (D.A. Rivett).

l
p
s
d
m
f

o

ttp://dx.doi.org/10.1016/j.physio.2014.02.001
031-9406/© 2014 Chartered Society of Physiotherapy. Published by Elsevier Ltd.
apsulitis has a number of reported associations that include,
ut are not limited to, diabetes [3], Dupytren’s disease [4] and
hyroid dysfunction [5], as well as a reported higher incidence
n females [6]. The first or early stage is generally agreed to
ast up to nine months [7] and is typically characterised by
ain rather than marked loss of movement [2]. Whilst adhe-
ive capsulitis is usually recognisable in the later stages due to
istinct restriction of both active and passive ranges of move-
ent [8], it is considered difficult to identify and differentiate
n patterns in early stage primary/idiopathic adhesive capsulitis: a
.2014.02.001

rom other shoulder disorders in its early stage [9].
Routine assessment of patients with musculoskeletal dis-

rders generally includes measurement of both active and
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assive ranges of movement, as well as any pain associated
ith each movement. Patterns of movement deficit and the
ehaviour of pain often assist in diagnosis [10]. As a means
f differentiating joint capsular pathology from other causes
f symptoms, James Cyriax described what is called the ‘cap-
ular pattern’ [11]. This capsular pattern suggests a fixed
roportion of movement loss is present and that each joint
as a characteristic pattern [11]. The pattern for the gleno-
umeral joint proposed by Cyriax is that the proportional
assive loss of external rotation will be greater than the pro-
ortional loss of abduction, which will be greater than the
roportional loss of internal rotation. Although the literature
n adhesive capsulitis frequently acknowledges this ‘capsu-
ar pattern’ [1,12], recent studies have demonstrated that it

ay not be consistently present [13–15]. Notably, however,
hese studies have involved populations in the latter stages
f the disorder. No studies have examined the presence of
he ‘capsular pattern’, nor any other recognisable pattern of

ovement loss in the early stage of adhesive capsulitis.
Recent research into the pathology of adhesive capsulitis

as identified that initial inflammation of the glenohumeral
oint capsule is followed by fibrosis and contracture [16].
his understanding of the pathology provides an explana-

ion for the temporal behaviour of the symptoms, which
re reported to initially manifest with pain followed by
ubsequent progressive movement restriction [17]. Surgical
nd radiological investigations have identified that ante-
ior structures of the glenohumeral joint are predominantly
ffected [18,19], which may help explain the observed pat-
ern of movement loss or pain reported in adhesive capsulitis,
otably in external rotation [20]. However, the contribution
f other active and passive shoulder movements to diagnosis
ave not been similarly considered.

As well as the lack of investigation of any pattern of either
ctive or passive movement loss in early stage adhesive cap-
ulitis, any associated pain pattern has also not been described
o date. As pain is reported to be a key component of the early
tage, it would therefore be potentially valuable to evaluate
ny contribution it may make to the clinical presentation of
his disorder.

It has been suggested that treatment in the early stage of
dhesive capsulitis may reduce the overall morbidity of the
isorder [17]. The mixed results of treatment reported how-
ver, have been suggested to be at least partially as a result
f the inability to define or classify sub-groups of patients
ikely to respond to physiotherapy and other interventions
21]. Although a set of clinical identifiers that may assist diag-
osis in the early stage have been proposed, including global
oss of active and passive ranges of movement and pain at
he end-range in all directions, they have yet to be validated
22]. The recognition of any pattern of movement restriction
r pain that may assist early diagnosis or identify sub-groups
Please cite this article in press as: Walmsley S, et al. Movement and pai
factor analysis. Physiotherapy (2014), http://dx.doi.org/10.1016/j.physio

f patients would therefore be valuable. The overall aim of
his study was to evaluate patients with a clinical diagnosis of
arly stage adhesive capsulitis to determine if it was possible
o identify a pattern of movement loss and/or associated end

o
m
G

py xxx (2014) xxx–xxx

ange pain that may facilitate recognition of this diagnosti-
ally challenging stage of the disorder. The findings of this
reliminary study will enable future studies of mixed diagno-
is populations to determine whether any patterns that may
merge are unique to the early stage of primary/idiopathic
dhesive capsulitis.

aterials  and  methods

articipants

Fifty-two participants attending an upper limb specialty
linic diagnosed with early stage adhesive capsulitis on the
asis of clinical presentation by various health care practition-
rs, including orthopaedic surgeons, a shoulder physician,
eneral practitioners and physiotherapists were included in
he study. In the absence of any validated criteria for the diag-
osis of early stage primary/idiopathic adhesive capsulitis
he clinical decision of the referring practitioner was consid-
red pragmatically appropriate. Participants were required to
ave had symptoms for less than nine months, consistent with
he reported duration of the early stage of the disorder [7].
s primary/idiopathic adhesive capsulitis was being investi-
ated, patients with a history of major trauma or surgery of
he shoulder were excluded. Potential participants were also
equired to have had recent shoulder X-rays and ultrasound
xaminations which did not demonstrate potential alternate
iagnoses. Further exclusion criteria included a diagnosis of
ny systemic inflammatory joint disease, as well as neurolog-
cal or current cervical spine disorders. Glenohumeral joint
njection in the preceding six weeks was also an exclusion
riterion.

rocedure

Each participant underwent routine clinical examination
ncluding measurement of active and passive shoulder ranges
f movement. These included total shoulder flexion (TSF)
nd abduction (TSA), glenohumeral joint flexion (GHF) and
bduction (GHA), and external rotation in neutral (ERN),
ogether with external and internal rotation in 90◦ abduction
ERA and IRA respectively). Hand behind back (HBB) range
as also measured. Measurement was performed by one
f the researchers, an experienced musculoskeletal physio-
herapist, using a Baseline digital inclinometer (Fabrication
nterprises Incorporated, Irvington, NY, USA) for all move-
ents with the exception of HBB which was measured with

 tape measure. Digital inclinometry has been demonstrated
o have a measurement error of ±1◦ [23]. The range of move-

ent was recorded in degrees for all movements other than
BB which was recorded in millimetres.
n patterns in early stage primary/idiopathic adhesive capsulitis: a
.2014.02.001

Measurement of shoulder ranges of movement was based
n the method described by Green et  al.  [24]. The following
ovements were performed in sitting: TSF, GHF, TSA, and
HA. The starting position for these movements was with

dx.doi.org/10.1016/j.physio.2014.02.001
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Table 1
Demographic characteristics of the participants (n = 52).

Characteristic

Age (yrs), mean (SD) 55.2 (6.9)
Duration of symptoms (months), mean (SD) 5.5 (1.9)
Gender (% female) 51.9
Dominance (% right) 84.6
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(Table 3). These two factors represented a pattern comprising
two groups of movements. The first group of movements
(movement group 1), accounting for 52% of the variance
S. Walmsley et al. / Phy

he palm of the hand facing medially. The inclinometer was
eld on the mid shaft of the humerus by the researcher and
he participant maintained an extended elbow [24]. In order
o stabilise the scapula and isolate the glenohumeral joint for
HF and GHA, a device was developed that provided an arm

hat rested on the acromion, preventing upward rotation of
he scapula (Supplementary Fig. 1).

The following movements were performed in the supine
ying position:

 ERN: The shaft of the humerus was placed beside the par-
ticipant’s trunk in 0◦ of abduction and rotation. A towel
was placed under the humerus to ensure it rested parallel
to the plinth. The elbow was flexed to 90◦ and the forearm
was in neutral rotation. The inclinometer was placed on
the dorsal surface of the participant’s forearm.

 ERA: The arm was abducted to 90◦ where possible, or
if not possible due to either movement restriction or pain,
abduction was taken to the limit of movement. The position
of the humerus and placement of the inclinometer was the
same as measurement of ERN.

 IRA: The arm was placed as described for ERA and inter-
nally rotated until either the posterolateral acromion was
visualised to rise off the plinth [25], or the movement was
limited by pain.

HBB was measured in standing as the distance between
he spinous process of T1 and the radial styloid process. This
as been demonstrated to have excellent intrarater reliability
26].

In order not to aggravate the participant’s pain, each
ovement was performed only once. All active movements
ere performed prior to passive movements and in the same

equence for each participant. The order of measurement
as: TSF, GHF, TSA, GHA, ERN, ERA, IRA, HBB. Active

ange of movement was performed by asking the participant
o move their arm in the required direction until it was not
ossible to move any further or the pain became intolerable.
imilarly, passive range of movement was performed by the
esearcher to the point of resistance limitation or when the
articipant reported the pain was intolerable. The limiting
actor to movement was recorded simply as pain or inabil-
ty to move for active movements and resistance or pain for
assive movements. Regardless of the cause of limitation,
ach participant scored their level of pain at the end of each
ovement on a 100 mm visual analogue scale.

tatistical  analysis

The data were analysed initially using descriptive statis-
ics. The affected shoulder’s percentage of movement of the
naffected shoulder was calculated for each of the eight active
nd eight passive movements.
Please cite this article in press as: Walmsley S, et al. Movement and pai
factor analysis. Physiotherapy (2014), http://dx.doi.org/10.1016/j.physio

For all movements with the exception of HBB:

unaffected shoulder range of movement −  affected shoulder range

unaffected shoulder range of movement
istory of diabetes (%) 9.6
istory of Dupytren’s disease (%) 13.5

For HBB:

d1 affected shoulder −  d1 unaffected shoulder

d1 unaffected shoulder

d1  = distance between T1 spinous process and radial styloid
rocess).

Factor analysis was then used to determine if it was pos-
ible to identify any relationships between the ranges of
ovement loss and similarly the pain behaviour at the end

f each of the ranges of movement. Any such relationships,
r movements grouping together, may denote the formation
f patterns. Exploratory factor analysis was performed using
he principal components method for extraction of factors
ollowed by Varimax rotation. A combination of an eigen-
alue of >1.00 and inspection of the scree plot was used to
etermine the optimum number of factors within each range
f movement or pain score. Item loadings of ≥0.60 were
onsidered to contribute strongly to that factor. Factors with
our or more variables ≥0.60 were considered strong factors.
ll statistical analyses were performed using JMP 9.0 (SAS

nstitute Inc., Cary, NC, USA).

esults

Demographic characteristics of the participants are pre-
ented in Table 1. The mean (SD) shoulder ranges of active
nd passive movement (affected and unaffected), percentage
oss of range of movement and pain scores at the end of range
f movement are reported in Tables 2A and 2B.

ercentage  loss  of  movement

ctive  range  of  movement
The mean percentage loss of active range of movement

anged between 68% (HBB) and 26% (GHF).
Two factors were extracted which accounted for 68% of

he variance of the eight measured ranges of active movement
n patterns in early stage primary/idiopathic adhesive capsulitis: a
.2014.02.001

 of movement

dx.doi.org/10.1016/j.physio.2014.02.001
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Table 2A
Mean (SD) shoulder ranges of active movement (unaffected and affected), percentage loss of active ranges of movement and pain scores at the end of range of
each movement.

Movement Unaffected shoulder
ROM (◦), Mean (SD)

Affected shoulder
ROM (◦), Mean (SD)

% loss ROM, Mean
(SD)

Pain score end of range
(mm), Mean (SD)

Total shoulder flexion 161.9 (12.8) 116.4 (22.8) 28 (13) 62 (25)
Glenohumeral joint flexion 126.8 (12.8) 93.6 (18.2) 26 (14) 50 (28)
Total shoulder abduction 146.0 (16.4) 81.4 (28.3) 46 (18) 69 (25)
Glenohumeral joint abduction 114.9 (21.0) 55.6 (23.2) 52 (18) 59 (28)
External rotation in neutral 67.3 (9.9) 38.5 (14.6) 42 (21) 57 (30)
External rotation in abduction 83.2 (12.9) 36.0 (17.6) 57 (20) 71 (22)
Internal rotation in abduction 77.1 (9.1) 51.7 (14.6) 33 (19) 45 (29)
Hand behind back (mm) 28.3 (5.3) 46.4 (9.4) 68 (43) 6 (28)

Table 2B
Mean (SD) shoulder ranges of passive movement (unaffected and affected), percentage loss of passive ranges of movement and pain scores at the end of range
of each movement.

Movement Unaffected shoulder
ROM (◦), Mean (SD)

Affected shoulder
ROM (◦), Mean (SD)

% loss ROM,
Mean (SD)

Pain score end of range
(mm), Mean (SD)

Total shoulder flexion 170.4 (9.4) 129.7 (21.1) 24 (11) 63 (25)
Glenohumeral joint flexion 132.3 (11.1) 105.7 (18.4) 20 (12) 48 (31)
Total shoulder abduction 153.9 (14.4) 97.0 (25.0) 37 (16) 63 (29)
Glenohumeral joint abduction 118.8 (14.0) 72.8 (19.8) 39 (16) 64 (23)
External rotation in neutral 73.2 (9.6) 42.3 (16.8) 42 (21) 68 (24)
External rotation in abduction 92.4 (12.8) 38.9 (16.0) 58(17) 77 (18)
Internal rotation in abduction 84.1 (8.8) 55.8 (15.7) 34 (18) 45 (29)
Hand behind back (mm) 24.7 (4.3) 42.2 (9.0) 72 (36) 71 (22)

ROM, range of movement.

Table 3
Factor loadings for the factor models for the percentage loss of active and passive ranges of movement.

Active Passive

Movement Factor 1: movement group 1
(eigenvalue = 4.13)

Factor 2: movement group 2
(eigenvalue = 1.31)

Factor 1: global loss of
movement (eigenvalue = 4.76)

Total shoulder flexion 0.90a 0.08 0.85a

Glenohumeral joint flexion 0.83a 0.15 0.83a

Total shoulder abduction 0.73a 0.17 0.87a

Glenohumeral joint abduction 0.75a 0.35 0.84a

External rotation in neutral 0.15 0.66a 0.51
External rotation in abduction 0.25 0.97a 0.58
Internal rotation in abduction 0.48 0.18 0.62a
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and behind back 0.55 

a Loadings ≥ 0.60.

ncluded TSF, GHF, TSA and GHA. The second group of
ovements (movement group 2), accounting for 16% of the

ariance included ERN and ERA. The loadings of the eight
ovements on the two factors are shown in Table 3.

assive range  of  movement
The mean percentage loss of passive range of movement

anged between 72% (HBB) and 20% (GHF).
A single factor with an eigenvalue of 4.76 was extracted for

he measured ranges of passive movement which accounted
or 60% of the variance suggesting a global loss of passive
ange of movement rather than an identifiable pattern. Six
Please cite this article in press as: Walmsley S, et al. Movement and pai
factor analysis. Physiotherapy (2014), http://dx.doi.org/10.1016/j.physio

f the eight loadings (TSF, GHF, TSA, GHA, IRA, HBB)
ere >0.6 (range 0.62 to 0.87). The loadings of the eight
ovements are shown in Table 3.

5
o
f

0.22 0.68a

ain  at  the  end  of  range  of  movement

ctive  range  of  movement
The active range of movement scoring the highest mean

SD) pain score for all participants was ERA (71 mm (22)).
A two factor structure accounted for 66% of the variance

f the pain scores at the end of active range of movement.
hese two factors represented a pattern of two groups of
ovements. The relative weights of the eight movements are

hown in Table 4, which provides factor loadings for each of
he ranges of active movement in the two-factor solution. The
rst group of movements (movement group 1), accounting for
n patterns in early stage primary/idiopathic adhesive capsulitis: a
.2014.02.001

3% of the variance included TSF, TSA and GHA. The sec-
nd group of movements (movement group 2), accounting
or 13% of the variance included ERA and IRA.

dx.doi.org/10.1016/j.physio.2014.02.001
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Table 4
Factor loadings for two factor models for pain at the end of active and passive ranges of movement.

Active Passive

Movement Factor 1: movement group
1 (eigenvalue = 4.20)

Factor 2: movement group
2 (eigenvalue = 1.06)

Factor 1: movement group
1 (eigenvalue = 4.60)

Factor 2: movement group
2 (eigenvalue = 1.01)

Total shoulder flexion 0.71a 0.23 0.76a 0.21
Glenohumeral joint flexion 0.50 0.33 0.51 0.24
Total shoulder abduction 0.86a 0.22 0.78a 0.26
Glenohumeral joint abduction 0.70a 0.39 0.72a 0.46
External rotation in neutral 0.47 0.54 0.22 0.98a

External rotation in abduction 0.22 0.73a 0.41 0.72a

Internal rotation in abduction 0.21 0.67a 0.32 0.53
Hand behind back 0.36 0.58 0.60a 0.44

a Loadings ≥ 0.60.

Table 5
Reason for limitation of movement.

Active Passive

Movement Pain limited, N (mean %
loss ROM)

Movement limited, N
(mean % loss ROM)

Pain limited, N (mean %
loss ROM)

Resistance limited, N
(mean % loss ROM)

Total shoulder flexion 26 (28) 26 (28) 45 (23) 7 (28)
Glenohumeral joint flexion 18 (25) 34 (26) 29 (22) 23 (18)
Total shoulder abduction 30 (49) 22 (38) 37 (40) 15 (29)
Glenohumeral joint abduction 26 (55) 26 (48) 42 (39) 10 (37)
External rotation in neutral 30 (42) 22 (42) 44 (45) 8 (30)
External rotation in abduction 37 (55) 15 (62) 49 (58) 3 (50)
I
H

P

(

f
T
m
i
r
fi
5
s
f

o
o
i
p
r
t
a
o
m
a

L

t

m
i
(
T
(
m

D

r
g
p
t
s
o
e
a
t
T
g
m
b

nternal rotation in abduction 19 (33) 33 (32) 

and behind back 34 (60) 18 (84) 

assive  range  of  movement
The passive range of movement scoring the highest mean

SD) pain score for all participants was ERA (77 mm (18)).
A two factor structure accounted for 70% of the variance

or pain scores at the end of passive range of movement.
hese two factors suggested a pattern of two groups of move-
ents. The relative weights of the eight movements are shown

n Table 4, which provides factor loadings for each of the
anges of passive movement in the two-factor solution. The
rst group of movements (movement group 1), accounting for
8% of the variance included TSF, TSA, GHA and HBB. The
econd group of movements (movement group 2), accounting
or 13% of the variance included ERN and ERA.

The factor loading plots for percentage loss of active range
f movement, and for the pain level scores at the end of each
f the active and passive ranges of movement are presented
n Supplementary Fig. 2. These plots demonstrate that only
ercentage loss of active movement resulted in a clear sepa-
ation of the two groups of movements (ERN and ERA with
he other group of movements comprising TSF, GHF, TSA
nd GHA) (Supplementary Fig. 2A). Similar separation is not
bserved for pain at the end of both active and passive move-
ents (Supplementary Fig. 2B and C) suggesting a recognis-

ble pattern for pain at the end of range did not emerge.
Please cite this article in press as: Walmsley S, et al. Movement and pai
factor analysis. Physiotherapy (2014), http://dx.doi.org/10.1016/j.physio

imitation to  movement
Descriptive statistics describing the reason for limita-

ion to movement are presented in Table 5. The movement

‘
t
h
s

24 (31) 28 (36)
48 (74) 4 (53)

ost frequently limited by pain, rather than an active inabil-
ty to move or passive resistance was ERA for both active
71%) and passive (94%) ranges of shoulder movement.
he movement least frequently limited by pain was GHF

35%) for active movement and IRA (46%) for passive move-
ents.

iscussion

This is the first study to investigate the presence of any
ecognisable pattern of movement loss that may exist in a
roup of participants clinically diagnosed with early stage
rimary/idiopathic adhesive capsulitis. Unlike earlier studies,
his study has utilised factor analysis to determine relation-
hips or patterns that may exist within the percentage loss
f both active and passive ranges of movement and pain
xperienced at the end of each range of movement. It is
lso unique as it has considered the reason for limitation
o movement in a larger sample than previously reported.
he results of this study have demonstrated that in this
roup of patients diagnosed clinically with early stage pri-
ary/idiopathic adhesive capsulitis, the percentage loss of

oth active and passive ranges of movement does not fit the
n patterns in early stage primary/idiopathic adhesive capsulitis: a
.2014.02.001

capsular pattern’ previously reported by Cyriax to be charac-
eristic of this disorder [1,12]. The selection of factor analysis
as enabled the detection of groups, rather than isolated
houlder movements that may involve common anatomical,

dx.doi.org/10.1016/j.physio.2014.02.001
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athological or biomechanical characteristics. In this study
he movements that have grouped together as a result of the
actor analysis may be reflecting the underlying pathologi-
al process in the glenohumeral joint capsule. In particular,
he grouping together of the two external rotation move-

ents may indicate an area of capsular involvement leading to
estriction or pain different from the other measured shoulder
ovements.
The clearest pattern to emerge from this study was from the

nalysis of the percentage loss of active range of movement
hich identified a pattern with two distinct groups (Table 3

nd Supplementary Fig. 2A). One group included the shoul-
er movements TSF, GHF, TSA and GHA, whilst the other
omprised the two measured external rotation movements
ERN and ERA). The two groups of movements show a
egree of correlation with each other and this is demonstrated
y the acute angle between each of the groups of variables
n Supplementary Fig. 2A. The two external rotation move-

ents are not completely independent from the other group
f movements suggesting there is a small amount of sim-
larity between the two. Although perhaps not surprising,
xternal rotation in both neutral and in abduction appeared to
ehave differently from the other measured shoulder move-
ents. However the classic ‘capsular pattern’ of proportional

oss of external rotation being greater than the proportional
oss of abduction, which in turn is greater than the propor-
ional loss of internal rotation, did not emerge. Although
ot entirely consistent with ‘the capsular’ pattern previously
escribed for loss of passive range of movement [11], this is in
ccordance with the reported pathological involvement of the
nterior glenohumeral structures in adhesive capsulitis and
he previously recognised involvement of external rotation
27].

Percentage loss of passive range of movement grouped
ifferently to active movement and demonstrated only one
attern of approximately equivalent loss across all move-
ents (Table 3). Again the ‘capsular pattern’ did not emerge

nd in contrast to active movement, this would suggest a non-
pecific global loss of passive shoulder movement. Whilst
ot clearly emerging as a second group, ERN appeared least
elated to the other movements. Similarly an earlier study
f passive range of movement loss in adhesive capsulitis,
eported loss in all measured ranges, with no ‘capsular pat-
ern’ evident in their sample of 30 participants [15]. That
tudy measured abduction as well as internal and exter-
al rotation in 45◦ of abduction. They demonstrated that
xternal rotation was significantly limited in comparison to
bduction and internal rotation, with the latter two move-
ents not differing from each other. Whilst direct comparison
ith the current study is problematic due to methodologi-

al differences the trend for global passive movement loss
ppears to be consistent with a greater loss in external rota-
Please cite this article in press as: Walmsley S, et al. Movement and pai
factor analysis. Physiotherapy (2014), http://dx.doi.org/10.1016/j.physio

ion.
The early stage of adhesive capsulitis has been reported

o be characterised by pain rather than movement restric-
ion [2], and to our knowledge there are no other reported

a
a
m
A

py xxx (2014) xxx–xxx

tudies that have quantified and analysed pain at the end of
ange of movement in this stage of the disorder. Pain at the
nd of active movement suggested two groups of movements
Table 4 and Supplementary Fig. 2B). The first group con-
ained only three movements with loadings ≥0.60, suggesting
nly a weak association. This group comprised the move-
ents of TSF, TSA and GHA, while the second suggested a

elationship between two of the rotational movements (ERA
nd IRA). Consideration of the descriptive data would sug-
est that when ERA recorded a high level of pain at the end
f range, IRA conversely recorded a low level of pain. Inter-
stingly, of the two groups that emerged in analysing pain at
he end of passive range of movement (Table 4 and Supple-

entary Fig. 2C), the first contained HBB as well as TSF,
SA and GHA. While active HBB has been used clinically

o assess shoulder internal rotation, it has been reported that
t is not solely related to internal rotation at the glenohumeral
oint [28]. This might help explain HBB grouping with the
ther movements. Notably the second factor again consisted
f the two external rotation movements (ERN and ERA).
espite the presence of this grouping, inspection of the factor

oading plots (Supplementary Fig. 2B and C) would suggest
hat a clear pattern did not emerge. This indicates that whilst
ain reportedly is a feature of early adhesive capsulitis, the
bsence of a pattern may make this symptom less useful than
ercentage loss of active range of movement in identifying
atients at this stage.

It would be reasonable to expect that the limitation to
ovement in early stage adhesive capsulitis may be more

ikely due to pain rather than resistance or weakness. Inter-
stingly, for both active and passive movements, ERA and
BB were those movements most frequently limited by pain.
RA is reportedly limited by anterior capsular structures

29], which suggests those structures may be responsible
or pain experienced with that movement. As pain not only
rom the capsule, but also from muscle spasm has been
reviously suggested as a reason for limitation of move-
ent [14], it could potentially be that spasm from the

capulothoracic musculature is responsible for at least some
f the pain limiting the HBB movement in these partici-
ants.

There are some limitations to this study. The sample size
as modest although it compares favourably with earlier

tudies [13–15]. Interpretation of factor analysis with this
ample has suggested findings that require confirmation with

 larger sample. The participants in this sample were recruited
rom a limited number of practice environments and it is pos-
ible this may have led to biased estimates due to participants
ot being representative of other patient sources. The absence
f a gold standard for diagnosis of adhesive capsulitis in its
arly stage remains a limitation in all related research. Het-
rogeneity of participants has previously been reported as
n patterns in early stage primary/idiopathic adhesive capsulitis: a
.2014.02.001

 limitation of similar studies [14], however strict inclusion
nd exclusion criteria were applied in the current study to
inimise participants with potentially alternate diagnoses.
lthough based on previously reported reliable measurement

dx.doi.org/10.1016/j.physio.2014.02.001
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tocol for measurement of range of motion of the shoulder using the
S. Walmsley et al. / Phy

ethods, intrarater reliability was not specifically determined
n this study due to the clinical nature of the research and
he ethical requirement to minimise any worsening of each
articipant’s pain. The order of testing was not randomised
hich may have resulted in greater pain scores for the later
easured movements due to aggravation by earlier move-
ents.

onclusion

This study has specifically investigated patients clinically
iagnosed with early stage primary/idiopathic adhesive cap-
ulitis to determine whether any recognisable movement
atterns may be present which could assist diagnosis. The
ain finding of the study was that active external rotation
ovements in both neutral and in abduction grouped together

nd behaved differently to the other measured active shoulder
ovements. Percentage loss of passive ranges of movement

dentified a non-specific global loss. Unlike the percentage
oss of active range of movement, a clear pattern for pain
t the end of range of movement did not emerge. Interest-
ngly, ERA has emerged as both the most painful active
nd passive movement and the movement most frequently
imited by pain, rather than weakness or resistance. Clin-
cally this indicates the involvement of this movement in
he early stage as has been previously recognised in the
ater stages, and suggests that careful assessment of move-

ent range and pain at the end of range of external rotation
n both neutral and 90◦ abduction should be undertaken
n patients with suspected early stage adhesive capsulitis.

hilst percentage loss of active and passive ranges of move-
ent, pain at the end of range of movement and limitation

o movement have highlighted the involvement of exter-
al rotation, further studies are required to investigate the
nter-relationships among these parameters. The findings of
his preliminary study therefore, will direct future studies of

ixed populations comprising patients with varying shoul-
er diagnoses, to test the patterns that have emerged, and
etermine if they are unique to the early stage of adhesive
apsulitis.
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