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Diagnostic accuracy of clinical examination
features for identifying large rotator cuff tears
in primary health care
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Stephen Taylor®

"Health and Rehabilitation Research Institute, AUT University, Auckland, New Zealand, *School of Rehabilitation
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Objectives: Rotator cuff tears are a common and disabling complaint. The early diagnosis of medium and
large size rotator cuff tears can enhance the prognosis of the patient. The aim of this study was to identify
clinical features with the strongest ability to accurately predict the presence of a medium, large or
multitendon (MLM) rotator cuff tear in a primary care cohort.

Methods: Participants were consecutively recruited from primary health care practices (n=203). All
participants underwent a standardized history and physical examination, followed by a standardized X-ray
series and diagnostic ultrasound scan. Clinical features associated with the presence of a MLM rotator cuff
tear were identified (P<0.200), a logistic multiple regression model was derived for identifying a MLM
rotator cuff tear and thereafter diagnostic accuracy was calculated.

Results: A MLM rotator cuff tear was identified in 24 participants (11.8%). Constant pain and a painful arc in
abduction were the strongest predictors of a MLM tear (adjusted odds ratio 3.04 and 13.97 respectively).
Combinations of ten history and physical examination variables demonstrated highest levels of sensitivity
when five or fewer were positive [100%, 95% confidence interval (Cl): 0.86-1.00; negative likelihood ratio:
0.00, 95% CI: 0.00-0.28], and highest specificity when eight or more were positive (0.91, 95% CI: 0.86-
0.95; positive likelihood ratio 4.66, 95% Cl: 2.34-8.74).

Discussion: Combinations of patient history and physical examination findings were able to accurately
detect the presence of a MLM rotator cuff tear. These findings may aid the primary care clinician in more
efficient and accurate identification of rotator cuff tears that may require further investigation or orthopedic
consultation.
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Introduction
Rotator cuff tears are a common cause of shoulder

several classification systems for rotator cuff tear size
have been proposed, most define a ‘small tear’ as

pain with a reported prevalence of 26% among pri-
mary care patients with symptomatic shoulder con-
ditions.! Rotator cuff tears can result in considerable
pain, functional disability, reduced quality of life and
loss of independence.” * They may also result in loss
of productivity and high costs of associated work-
related compensation for those unable to continue in
high-demand occupations.

The size and location of a rotator cuff tear can
influence decisions regarding management that may
affect the patient’s prognosis considerably.” While
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being less than 10 mm in size, ‘medium’ tears 10—
30 mm in size, and a ‘large’ or ‘massive’ tear as being
more than 30 mm in size, or with involvement of two
or more tendons.®” Large tears are associated with
significant weakness and loss of function especially
in younger patients,”'*!" with a ‘large’ cuff tear
identified as one of several prognostic determinants
of a poor outcome of conservative management.”'>
Although the optimal timing for surgical intervention
is a contentious issue, there is evidence that surgical
repair of full thickness tears results in more favorable
outcomes for pain, strength and function."*
Medium size rotator cuff tears are also of clinical
significance, and identification of these lesions may
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affect decisions regarding use of diagnostic imaging
and influence rehabilitation decisions within conser-
vative management programs. Studies investigating
the natural history of rotator cuff tears have shown
that, in contrast to small tears with little or no tendon
retraction that rarely progress in size,'® medium sized
partial-thickness rotator cuff tears, particularly those
involving the articular surface of the cuff, frequently
increase in size over time.'” Medium-size partial
thickness tears are also associated with a high rate
of coexistent glenohumeral joint pathology, particu-
larly in active populations.'® Clinical suspicion of a
medium size, or partial thickness tear may therefore
influence decisions regarding the use of additional
imaging for investigation of coexistent pathology,
and may alter exercise selection and loading progres-
sions within conservative management programs to
minimize loss of function associated with increasing
tear size over time. Identification of a medium size
rotator cuff tear may also influence decisions regard-
ing the need for surgical intervention. Aggressive
surgical repair of partial-thickness rotator cuff lesions
in elite athletes or high-demand occupations, parti-
cularly in the presence of associated labral or other
pathology has been advocated due to the unfavorable
natural history of these conditions and favorable
results of surgical procedures.'’

In addition to the size of the tear, the timing of
diagnosis is of prognostic importance. Both medium
and large size rotator cuff tears frequently develop
characteristic changes including fatty infiltration and
muscle atrophy that have been observed as early as
2 weeks following injury in animal models.”® Medium
sized, and partial thickness tears have demonstrated
little ability to heal spontaneously and may continue
to rupture following injury.?! Untreated full thickness
tears have also shown a limited capacity to heal
without surgical intervention,”!¢ frequently resulting
in retraction of tendon ends and superior migration
of the humerus with narrowing of the acromiohum-
eral distance.”” Such changes render cuff tears
irreparable due to the poor tissue quality and altered
mechanics which frequently results in osteoarthrosis
and poor functional outcomes.>® In primary health
care the early diagnosis of a clinically significant
medium or large rotator cuff tear, prior to loss of
tissue viability is therefore important to inform
decisions regarding conservative or surgical manage-
ment and to optimize surgical outcomes.?**’

In primary care practice, the clinical diagnosis of
rotator cuff tears begins with a clinical examination.
The majority of previous studies have estimated
the diagnostic accuracy of a small number of physi-
cal examination tests for identifying rotator cuff
tears.”® ! Although ‘lag’ signs have shown consis-
tently high levels of specificity (88-98%) for large
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rotator cuff tears in a number of studies,
physical examination tests have demonstrated vari-
able diagnostic accuracy.” However, many of these
studies contained sources of bias and variation
meaning care must be taken when generalizing results
to different populations, and when interpreting the
results of these studies.

Previous studies were conducted almost exclusively
in secondary or tertiary (surgical) settings where
the prevalence of MLM rotator cuff tears is repor-
ted to be 28-67.2%,%%% considerably higher than the
14% reported in primary care settings.' Prevalence
is known to affect the generalization of diagnostic
accuracy estimates, particularly predictive values,
to other settings in which the prevalence of the
condition differs.*” Whether the diagnostic accuracy
estimates for physical examination tests from pre-
vious studies are similar in primary care populations
has not been investigated to date.

Several studies contained sources of bias that
may have resulted in overestimation of diagnostic
accuracy values including differential verification
bias,* disease progression bias®* and use of an in-
appropriate reference standard.”® Many studies did
not report sufficient detail regarding the study
design,?®28 393341 conduct,%%3*4? test interpreta-
tion or analysis 223303341 to allow assessment of the
extent to which the potential sources of bias may
affect interpretation of diagnostic accuracy results.
Hence their results cannot be applied with confidence
in primary care practice.

In addition, few studies have investigated other
aspects of the clinical examination including history
variables (e.g. night pain) and resisted tests as
potential clinical predictors of MLM tears in primary
care populations.?®**3*> Yet such questions and
tests may provide important information that might
enhance the ability of the primary care clinician to
diagnose MLM rotator cuff tears.

Population differences, methodological concerns
and lack of investigation of comprehensive clinical
examination variables in previous studies mean the
accuracy of the clinical diagnosis of MLM rotator
cuff tears in primary care remains largely unknown.
Therefore, the aim of this study was to estimate the
diagnostic accuracy of a comprehensive spectrum of
demographic, history and physical examination find-
ings, and to identify clinical features with the
strongest ability to accurately detect a MLM rotator
cuff tear in a population of primary care patients with
shoulder pain.

Methods
Participants

Participants were recruited from community-based
medical and physiotherapy practices across Christchurch,
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New Zealand. Consecutive patients over the age of 18
years, presenting to their primary care practitioner
(general practitioner or physiotherapist) for the first
time with a new episode of shoulder pain and with the
ability to follow verbal instructions, were eligible for
inclusion in the study. Exclusion criteria were known
fractures or dislocations around the shoulder com-
plex, shoulder pain reproduced during clinical assess-
ment of the cervical spine, sensory or motor deficit
involving the upper limb, previous surgery to the
shoulder or cervical spine, or contraindications to
imaging or injection procedures. Following referral to
the study, eligible patients were contacted by the
research assistant to check the inclusion and exclu-
sion criteria were satisfied and an appointment was
made for the clinical examination. Sample size was
estimated using methods for estimates for diagnostic
accuracy studies described by Flahault er al* and
details are provided elsewhere.! Ethical approval was
granted by the New Zealand Ministry of Health
Regional Ethics Committee. All participants pro-
vided written informed consent prior to participation
in the study.

Clinical examination

All clinical examinations were carried out in a
dedicated research office in Christchurch, New
Zealand. All participants completed self-report ques-
tionnaires consisting of the Shoulder Pain and
Disability Index (SPADI),*® and the SF-8 " health
survey (physical component and mental compo-
nent scores).*® A modified Fear Avoidance Beliefs
Questionnaire (FABQ)*’ was also used in which the
words ‘back pain’ were replaced with ‘shoulder pain’.
Fear of pain has been associated with reduced
shoulder function*® and also with persistent shoulder
pain and disability.** All participants then comple-
ted a standardized history questionnaire including
pain drawing, pain intensity visual analogue scales,
pain behavior, mechanism of onset, past history
and medical history. Responses were checked for
missing or ambiguous responses prior to the physical
examination.

The physical examination was standardized for all
participants and included measures of active and
passive range of motion (ROM) and peak muscle
force during resisted tests using a hand-held dynam-
ometer.”® Pain responses to active and passive ROM
tests were recorded according to whether they re-
produced the participants’ symptoms using proce-
dures described elsewhere.’® Peak muscle force®® and
symptom responses were recorded during resisted
abduction (in 10° abduction), external rotation and
internal rotation (in 0° abduction). Orthopedic tests
were performed according to original descriptions:
Hawkins-Kennedy test,”! drop-arm test,>> empty
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can test,”® external rotation lag sign,® belly-press
test,> Speed’s test,> active-compression test,>
apprehension-relocation test,’® and pain responses
to palpation of the shoulder region.’” All physical
examinations were conducted by a clinician with 22
years’ experience (AC). A list of clinical examination
variables and response criteria is presented in the
Appendix. Indeterminate results of clinical examina-
tion tests were recorded and coded as missing data.

Diagnostic imaging

Following the clinical examination, an appointment
was made at a specialist musculoskeletal imaging
facility for X-ray and diagnostic ultrasound scan
investigations. All participants underwent a standar-
dized series of shoulder radiographs [anterior—poster-
ior (AP) views in neutral, external and internal
rotation, axial view and outlet view],”® followed by
a diagnostic ultrasound scan performed by experi-
enced musculoskeletal sonographers and reported by
fellowship trained musculoskeletal radiologists. The
diagnostic ultrasound procedure is described in detail
elsewhere.! Sonographers and radiologists recorded
diagnostic information on a standardized worksheet
that included recording pathological findings affect-
ing the subacromial bursa, rotator cuff, long head of
biceps tendon, acromioclavicular joint and whether a
glenohumeral joint effusion was present. Rotator cuff
tears were classified according to size (tear width and
length in mm), location (intrasubstance, articular or
bursal surface) and grade classification (high-grade,
more than 50% of tendon thickness; low grade, less
than 50% of tendon thickness; or full thickness tear
including retraction). A ‘medium, large or multi-
tendon’ (MLM) rotator cuff tear was defined as any
tear exceeding 10mm (regardless of location or grade)
or a tear affecting two or more tendons.® Diagnostic
ultrasound scans have a reported sensitivity and
specificity exceeding 90% compared with surgery for
medium and large size rotator cuff tears.”

Blinding

The clinician who performed the clinical examination
was blinded to diagnostic imaging results and the
sonographer and radiologist were blinded to results
of the clinical examination.

Statistical methods

The Fisher exact test was used to assess the associ-
ation between individual demographic, self-report
and clinical examination variables with a MLM
rotator cuff tear using the Statistical Package for
the Social Sciences (SPSS) version 17.0 (IBM® Cor-
poration 2010). Variables demonstrating univariate
association with a rotator cuff tear at the P=0.200
level were included in multiple logistic regression
analyses and stepwise backward variable elimination
was performed using Akaike’s Information Criterion®
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Figure 1 Flow chart showing completion rate and dropout

explanations.

to derive the strongest predictors of a MLM rota-
tor cuff tear. Multiple regression analysis was under-
taken using ‘R’ statistical software.®' The goodness of
fit for the model was assessed using the Hosmer-
Lemeshow test.®

Diagnostic accuracy statistics including sensitivity,
specificity, predictive values, positive likelihood ratios
(+LR) and negative likelihood ratios (—LR) and
95% confidence intervals (CI) were calculated for
individual and combinations of clinical variables. The
area under the receiver operator curve was assessed to

Table 1 Participant characteristics
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find the optimal number of clinical tests for identify-
ing a MLM rotator cuff tear. Confidence Interval
Analysis software® was used for calculation of dia-
gnostic accuracy statistics.

Results

Three hundred and seventy three patients were
referred to the study between July 2009 and June
2010 resulting in 208 subjects being included in the
study. A total of 203 participants completed the
clinical examination and diagnostic ultrasound scan
(Fig. 1). There were no significant differences be-
tween those included and excluded from the study
with respect to age or gender. Those excluded from
the study reported shorter duration of symptoms
(median 2 weeks; IQ range 4 weeks) (Mann—Whitney
P<0.001). Demographic data for those who com-
pleted the study are presented in Table 1. Those for
whom a MLM rotator cuff tear was identified were
older, heavier, reported higher levels of pain,
disability and fear avoidance beliefs, and had more
coexisting medical conditions (P<0.05). The mean
time between the clinical examination (index test) and
diagnostic ultrasound scan (reference standard test)
was 3.9 days (SD 2.6, range 1-19 days).

A MLM rotator cuff tear was identified on
ultrasound in 24 participants (11.8%). Rotator cuff
tear sizes and descriptions are presented in Table 2.
Nineteen of 24 (79%) tears larger than 10 mm
affected the supraspinatus component (Fig. 2).

All cases (N=203)

MLM tear (n=24) No MLM tear (n=179)

Participant characteristics Mean (SD) Range Mean (SD) Mean (SD)
Age (years) 42 (14) 18-81 51 (13) 41 (14)*
Height (cm) 172 (10) 147-199 173 (10) 172 (10)
Weight (kg) 80.6 (18.0) 50.3-189.0 87.6 (26.3) 79.6 (16.4)*
Symptom duration (weeks)t 7 (13)* 0-175 10 (11) 13 (20)
VAS (worst) 62 (23) 3-100 68 (21) 62 (23)
SPADI pain score (%) 50 (22) 0-100 59 (21) 49 (21)*
SPADI disability score (%) 30 (23) 0-96 39 (24) 29 (22)*
SPADI total (%) 38 (21) 0-98 47 (22) 37 (21)*
FABQ physical activity score (%) 64 (22) 0-100 71(26) 64 (22)
FABQ work score (%)i 27 (23) 0-81 35 (22) 24 (23)*
FABQ total score (%)% 41 (19) 0-87 48 (21) 38 (18)*
% male gender 51 71 49

% right hand dominant 87 50 53

% dominant arm affected 53 46 54

% history of trauma 21 67 34%*

% ACC claim 93 100 92

% physiotherapist referrals 98 100 97
Employment status

% in paid employment 80 83 80

% off work 3 8 3

% co-existent medical conditions 34 54 31*

% smoker 19 25 19

Note: VAS, 100 mm visual analogue pain score in previous 48 hours; SPADI, Shoulder Pain and Disability Index; FABQ, Fear
Avoidance Beliefs Questionnaire; ACC, Accident Compensation Corporation.

*Significant difference between groups P=0.05.

tVariable not normally distributed; median (interquartile range) are presented.

1Only cases ‘in paid employment’ used in analysis.
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Figure 2 Rotator cuff tears identified on ultrasound. (A) High grade, articular surface supraspinatus tear (transverse view); (B)
full thickness supraspinatus tear (longitudinal view).

Large tears affecting more than one rotator cuff
component were identified in four cases (Table 2). A
description of other pathology identified on ultra-
sound in groups with, and without MLM rotator
cuff tears is presented in Table 3. Those with a
MLM rotator cuff tear were more likely to have
coexisting subacromial bursal pathology (bursal
thickening or effusion) (P=0.001), a biceps tendon
sheath effusion or long head of biceps tendon patho-
logy (P=0.01) than those without a MLM rotator
cuff tear.

Table 2 Description of rotator cuff tears (N=203)

Tear size Tear location (n) n %

No tear 151 74.3
Small tear (<10 mm) 28 14.3
Supraspinatus 2110.3

Intrasubstance (10)
Bursal surface — low grade (3)
Bursal surface — high grade (1)
Articular surface — low grade (4)
Articular surface — high grade (1)
Full thickness tears (3)
Infraspinatus 1 10
Low grade (1)
Subscapularis 6 34
Low grade (6)
Medium-large tear (=10 mm)
Supraspinatus
Intrasubstance (8)
Articular surface — high grade (4)
Full thickness tear (7)
Infraspinatus 2 10
Low grade (1)
Full thickness tear (1)
Subscapularis 3 15
High grade (2)
Full thickness tear (1)

24 11.8
19 94

Multiple large tendon tears 4 19
All three tendons (1) 0.5
Supraspinatus and infraspinatus (1) 0.5
Supraspinatus and subscapularis (2) 1.0

Note: Tear size dimensions (mm) refer to transverse width. Low
grade=less than 50% of vertical thickness is affected; high
grade=more than 50% of vertical thickness is affected.
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The clinical examination features that were asso-
ciated with the presence of a MLM rotator cuff tear
(P=0.200) were age, SPADI pain subscale score, a
traumatic mechanism of injury, night pain, reproduc-
tion of pain during resisted abduction or external
rotation, symptom provocation during passive ROM
external rotation (performed at 90° abduction), posi-
tive external rotation lag sign, a positive Speed’s test
(Table 4), constant pain and painful arc in abduction
(Table 5). Sensitivity ranged from 0.13 (external
rotation lag sign) to 0.96 (Speed’s test) and specificity
ranged from 0.22 (pain with resisted abduction or
external rotation) to 0.97 (external rotation lag sign)
(Table 4). The highest + LR (4.4) was observed for
the external rotation lag sign (Table 4), and the
lowest —LR (0.12) was observed for painful arc in
abduction (Table 5). The Hawkins—Kennedy test and

Table 3 Distribution of other pathology in groups with
and without MLM rotator cuff tears

MLM tear No MLM tear
(n=24) (n=179)
Pathology identified % with % with
on ultrasound pathology pathology
SAB pathology 63 27xH*
Dynamic bursal bunching 74 58
Rotator cuff tendinosis 17 15
supraspinatus 13 14
infraspinatus 0 1
subscapularis 4 2
Calcific tendinopathy 21 25
supraspinatus 4 18
infraspinatus 4 5
subscapularis 21 8
LHB pathology 17 1H*
Biceps tendon sheath effusion 33 10%**
GHJ effusion 17 2
ACJ pathology 26 26

Note: MLM, medium, large or multitendon rotator cuff tear; SAB,
subacromial bursa; LHB, long head of biceps; GHJ, glenohum-
eral joint; ACJ, acromioclavicular joint.

*P=0.05; **P=<0.01; ***P=0.001.
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Figure 3 Flow chart showing diagnostic value of clinical tests for identifying a MLM rotator cuff tear.

the empty can test were not associated with the
presence of a MLM tear (P>0.200).

The constant nature of pain and a painful arc in
abduction were the strongest predictors of a MLM
rotator cuff tear (adjusted odds ratios: 3.04 and 13.97
respectively; 95% CI: 1.11-8.30 and 1.81-108.82
respectively) (Table 5). Of the two variables, a painful
arc in abduction demonstrated the highest sensitivity
(0.95) and the report of constant pain demonstrated
highest specificity (0.72), with a +LR of 3.10 when
both were positively identified (Table 5). Diagnostic
accuracy, predictive values and likelihood ratios for
constant pain and painful arc in abduction did not
differ widely between older age groups (=50 years)
and younger age groups (<50 years) (Table 5).

Diagnostic accuracy results for combinations of all
clinical examination variables are presented in
Table 6. Highest sensitivity (1.00) was observed for
up to five positive clinical examination findings and
highest specificity (1.00) was observed when all 10
clinical examination findings were present. The high-
est +LR (infinity) was also observed for 10 clinical
examination findings, and the lowest —LR was ob-
served when fewer than five clinical examination findings
were present. The area under the receiver operator
curve curve was 0.838 (0.772, 0.905; P<<0.001) and any
combination of five positive clinical examination
findings represented the optimal diagnostic point with
sensitivity and specificity 0.88 and 0.66 respectively. A
clinical summary of the diagnostic accuracy results is
presented in Figure 3.
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Discussion
MLM rotator cuff tears are of diagnostic and
prognostic significance with identification of these
lesions influencing decisions regarding conservative
or surgical management. The early identification of
MLM rotator cuff tears at primary care level may
improve patient outcomes by identifying those who
require additional imaging investigations to evaluate
rotator cuff integrity and associated pathology and
who may require subsequent referral for surgical
opinion. Early identification also facilitates optimal
timing of surgery, leading to better structural inte-
grity of tissues at the times of operation, and sub-
sequently improved post-surgical outcomes.
Combinations of ten history and physical exam-
ination variables demonstrated the highest levels of
diagnostic accuracy for identifying a MLM rotator
cuff tear in this primary care study. When fewer than
five of the 10 clinical features were present, the odds
of a MLM rotator cuff tear were almost zero, and
this lesion could be ruled-out with a moderate to high
level of confidence (sensitivity 100%, lower confidence
limit 0.86; —LR 0.00, upper confidence limit 0.28).
Those with at least eight positive tests were almost
five times more likely to have a significant rotator
cuff tear (specificity 0.91, lower confidence limit 0.86),
increasing to 12 times more likely when nine tests
were positive (specificity: 0.98; lower confidence limit:
0.95; +LR: 12.4; 95% confidence limits: 3.40, 44.18).
Ten positive tests resulted in 100% specificity and
a +LR of infinity, however, only two participants
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)
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0.88 (0.84, 0.93)
0.87 (0.83, 0.92)

OR (95% Cl)
0.86* (0.81, 0.91)
0.84%** (0.78, 0.90)
0.79%** (0.72, 0.87)
13.54%*% (3.89, 47.20
6.86%** (2.77, 16.95
7.28%%% (2.79, 19.
15.44%%% (3,42, 69.72
9.14* (6.16, 13.55

—LR (95% Cl)
0.00 (0.00, 27.73)
0.00 (0.00, 1.96)
0.00 (0.00, 0.81)
0.00 (0.00, 0.46)
0.00 (0.00, 0.28)
0.19 (0.07, 0.47)
0.47 (0.28, 0.79)
0.64 (0.43, 0.83)
0.81 (0.61, 0.93)

~ (1.78,728.00) 1 0.92 (0.79, 1.03) 1

+LR (95% Cl)
1.01 (1.00, 1.03)
1.08 (1.07, 1.14)
1.21(1.18, 1.31)
1.43 (1.36, 1.59)
1.99 (1.78, 2.32)
2.57 (1.91, 3.27)
3.20 (2.08, 4.91)
4.66 (2.34, 8.74)

Diagnostic accuracy
NPV (95% Cl)

PPV (95% CI)
0.63 (0.31, 0.86) 0.91 (0.85, 0.94) 12.43 (3.40, 44.18)

0.16 (0.11, 0.23) 1.00 (0.94, 1.00)
0.21 (0.15, 0.29) 1.00 (0.96, 1.00)
0.26 (0.17, 0.36) 0.98 (0.93, 0.99)
0.30 (0.19, 0.44) 0.94 (0.89, 0.97)
1.00 (0.34, 1.00) 0.89 (0.84, 0.93)

0.12 (0.08, 0.17) 1.00 (0.21, 1.00)
0.13 (0.09, 0.18) 1.00 (0.77, 1.00)
0.14 (0.10, 0.20) 1.00 (0.89, 1.00)
0.39 (0.22, 0.58) 0.92 (0.87, 0.95)

0.01 (0.00, 0.03)
0.07 (0.04, 0.12)
0.18 (0.13, 0.24)
0.31 (0.24, 0.38)
0.50 (0.43, 0.57)
0.66 (0.59, 0.73)
0.81 (0.74 0.86)
0.91 (0.86, 0.95)
0.98 (0.95, 0.99)
1.00 (0.98, 1.00)

1.00 (0.86, 1.00)
1.00 (0.86, 1.00)
1.00 (0.86, 1.00)
1.00 (0.86, 1.00)

61 118 0.88 (0.69, 0.96)

1.00 (0.86, 1.00)
9 35 144 0.63(0.43, 0.79)

1

13
3 176 0.21(0.09, 0.41)

16 163 0.42 (0.25, 0.61)
0 179 0.08 (0.02, 0.26)

Cell counts
3
10 14
19
22

15

24 0 148 31
24 0 125 54
24 0 90 89

24 0 178
21

24 0 166

tRefers to combinations of clinical tests including any of: age >50 years, SPADI (pain) score >48%, traumatic onset, constant pain, night pain, painful arc abduction, pain with resisted abduction or external

Note: TP, true positives; FN, false negatives; FP, false positives; TN, true negatives; PPV, positive predictive value; NPV, negative predictive value; +LR, positive likelihood ratio; —LR, negative likelihood ratio;
rotation, symptoms reproduced with passive external rotation (at 90" abduction), positive external rotation lag sign, positive Speed’s test

Table 6 Diagnostic accuracy for combinations of clinical variables for a MLM rotator cuff tear
OR, odds ratio; ~, infinity.

Number of positive clinical testsf TP FN FP TN Sensitivity (95% Cl) Specificity (95% ClI)

Some cell counts do not total 203 due to missing data.

*P=0.05; **P=0.01; ***P=0.001.

10.5 added to cells to estimate 95% Cls.

Variable combinations

1 or more
2 or more
3 or more
4 or more
5 or more
6 or more
7 or more
8 or more
9 or more

10
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satisfied this criterion resulting in a wide 95% CI for
the +LR (1.78, 728.0). Appropriate care should
therefore be taken when applying this result in cli-
nical practice. These findings support previous reports
of improved accuracy for rotator cuff pathology using
combinations of clinical tests.?*-3%-3142

The majority of previous diagnostic accuracy
studies in this area involved patients recruited
primarily from surgical waiting lists and investigated
only a small number of predominantly physical
examination tests, reporting variable accuracy find-
ings.?62%323864 Only a limited number of studies
estimated the diagnostic accuracy of patient history
variables for identifying rotator cuff tears.?®3*%> Qur
results support findings from these studies in which
older age and the presence of night pain were found
to be strong predictors of a rotator cuff tear.”*>%% In
addition, our study identified several patient history
variables (SPADI pain subscale score, traumatic
mechanism of injury and constant nature of pain)
and other physical examination findings (symptom
provocation during resisted abduction or external
rotation, and during passive external rotation) that,
when combined, resulted in high levels of diagnostic
accuracy for a medium or large rotator cuff tear.

The strongest predictors of a MLM rotator cuff
tear in this primary care cohort were constant pain
and a painful arc in abduction. Those patients who
reported both constant pain and a painful arc in
abduction were up to three times more likely to have
a significant rotator cuff tear than those who did not
report both these clinical features (+ LR 3.10, lower
confidence limit 1.62). A painful arc during active
abduction has long been used in the diagnosis of
‘impingement’ syndromes, which includes rotator
cuff tears®® and has also previously been identified
as a strong predictor of supraspinatus tears.*>>!¢>
Although constant pain and a painful arc in abduc-
tion were identified as the two strongest predictors of
a MLM rotator cuff tear, the post-test probabilities
and likelihood ratios for combinations of the ten
clinical examination features were able to more accu-
rately identify the presence or absence of a MLM
rotator cuff tear in individual patients than these two
clinical predictor variables alone.

The specificity of individual clinical examination
features for a MLM rotator cuff tear was variable
(0.22-0.97). A number of other pathologies including
subacromial bursa pathology were also identified on
ultrasound in the group with a MLM rotator cuff
tear and it is possible that provocation of symptoms
from coexisting pathology may explain the lack of
test specificity for a MLM rotator cuff tear in this
cohort. Our results do support previous findings
in which a positive external rotation lag sign was
reported to be highly specific for a rotator cuff tear
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(94-100%)**¥-¢ and, compared with a pre-test pro-
bability of 11.8%, a positive positive external rotation
lag sign also demonstrated in the largest increase in post-
test probability (38%) of all individual clinical tests.

Pain provocation during Speed’s test (resisted
straight-arm raise), demonstrated the highest sensi-
tivity (0.96) and lowest —LR (0.12) assisting to rule-
out a significant rotator cuff tear with a moderate to
high level of confidence when this test was negative.
Speed’s test is reported to predominantly stress the
long head of biceps tendon,®” however the complex
anatomic relationship between the biceps tendon,
rotator interval, subscapularis and supraspinatus
tendons and association between anterior—superior
rotator cuff tears and rotator interval injury®® mean
injury to any of these structures may provoke pain
during this test. This may explain the high sensitivity
but low specificity of Speed’s test for a MLM rotator
cuff tear. The absence of pain during resisted abduction
or external rotation, and passive external rotation also
demonstrated high sensitivity (>0.90); however, the
—LR were modest (0.40 and 0.31 respectively) with the
upper 95% confidence limit reaching 1.00, reducing
confidence in the ability to rule-out a significant tear in
the presence of a negative test.

In contrast to previous studies, the Hawkins—
Kennedy test and empty-can test were not found to
be associated with a MLM rotator cuff tear in this
study. Although moderate to high levels of sensitivity
have been reported for the Hawkins—Kennedy test by
some authors (89-92%),%** closer inspection of these
study results reveals that a negative Hawkins—Kennedy
test resulted in only a small change (reduction) in post-
test probability of a partial or full thickness rotator cuff
tear from 28% (pre-test probability) to 11% (post-test
probability) in one study,” and resulted in negative
predictive values of only 50% for Stage 2 impingement
(including partial thickness tears) in the other study.*?
No CIs were reported for estimates of diagnostic
accuracy in either study, hence the findings of these
studies should be interpreted with caution.

A negative empty can test has also been reported as
sensitive for a supraspinatus tear (sensitivity 89-99%,
negative predictive values 93-98%) in surgical settings
using the same positive test criteria as defined in our
study (pain or weakness).>*%® The diagnostic value of
the empty can test for a rotator cuff (supraspinatus)
tear is predicated on the belief that this test predomi-
nantly activates the supraspinatus muscle.’> However,
recent work casts doubt on this assumption,>® report-
ing that infraspinatus, subscapularis, the upper, middle
and lower fibers of trapezius, serratus anterior and all
portions of the deltoid muscle were activated to a
similarly high level as supraspinatus during the empty
can test.”” The recruitment of large scapula muscles
and the powerful deltoid muscle may compensate for a
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structurally compromised rotator cuff during the
empty can test giving rise to false negative test results
when muscle weakness is included in the test criteria.
This may explain the lack of a relationship between a
positive empty can test and the presence of a MLM
rotator cuff tear in our study.

Effect of age on diagnostic accuracy

Increasing age has frequently been associated with
the presence of rotator cuff tears in asymptomatic
populations, becoming particularly prevalent in those
over 50 years of age.ﬂ*73 In symptomatic popula-
tions, the frequency of rotator cuff tears has also been
reported to increase after the age of 40 years.*® Results
from the current study involving symptomatic parti-
cipants also identified a relationship between increas-
ing age and MLM cuff tears, with those over the age of
50 years being 2.5 times more likely to be diagnosed
with a significant rotator cuff tear, although the lower
confidence limit for the odds ratio only just exceeded
1.0 (1.09). Despite this finding, age alone was not able
to predict the presence of a MLM tear in our study,
and age was not retained in the multiple logistic
regression model indicating that other clinical exam-
ination variables contributed more strongly to pre-
dicting the presence of a MLM tear in this cohort. In
addition, aside from a small increase in post-test
probability (positive predictive value) for a MLM tear
from 17 to 29% in the older age group when a painful
arc in abduction was reported, no other observable
difference in post-test probabilities was identified
between the older and younger age groups (Table 5).
These results suggest that larger rotator cuff tears may
be more prevalent in older age groups, however this
does not imply a cause-and-effect relationship. In
symptomatic primary care patients, older age alone
(=50 years) did not significantly increase the prob-
ability of a larger rotator cuff tear being present and
other clinical features are likely to be of more
diagnostic value for these lesions.

Limitations of the study

Limitations included the potential for diagnostic ultra-
sound to miss subtle partial-thickness articular surface
rotator cuff tears. However, the aim of this study was to
identify medium-large rotator cuff tears, and the sen-
sitivity of diagnostic ultrasound for medium and large
size tears has been reported to approach the sensitivity
of MRI when performed by trained staff using modern
equipment as was the case in this study.”’*

Conclusion

The prevalence of clinically significant rotator cuff
tears in this group of primary care patients was low.
However, when present, such lesions may warrant
early referral for additional imaging to determine tear
magnitude and associated pathology, or referral for
orthopedic consultation. Combinations of patient

NO. 3



history and physical examination findings were able
to accurately identify the presence of a MLM rotator
cuff tear. These findings may aid the clinician in more
efficient and accurate identification of clinically
significant rotator cuff tears and inform decisions
regarding referral for further investigations or for
surgical opinion.
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Appendix: Table of self-report questionnaires and clinical examination tests

Examination component

Response outcome

Self-report questionnaires
SF-8 health survey
Shoulder pain and disability index
Fear avoidance beliefs questionnaire
Clinical examination
Patient history
Medical screening questionnaire
Symptom chart
Patient history
Physical examination
Observation:
Supraspinatus atrophy
Infraspinatus atrophy
ACJ swelling/thickening
Shoulder active ROM
Elevation (flexion)*
Hand-behind-back
Hand-behind-head
Shoulder passive ROM*
Glenohumeral abduction
External rotation (0° abd)
External rotation (90° abd)
Internal rotation (90° abd)
Cross-body adduction (internal rotation)
Shoulder resisted tests*
Abduction
External rotation
Internal rotation
Orthopedic special tests
Painful arc abduction
Hawkins—Kennedy test
Empty can test
Drop-arm test
External rotation lag sign
Belly press test*
Active compression test
Speed’s test
Apprehension/relocation test
Palpation

Greater tuberosity (supraspinatus insertion)
Lesser tuberosity (subscapularis insertion)

Long head of biceps tendon

%
%
%

Dichotomous responses
Dichotomous responses
Dichotomous responses

Present/absent

ROM
ROM
ROM
ROM

°); symptom responses: Yes/No
cm); symptom responses: Yes/No
cm); symptom responses: Yes/No
°); symptom responses: Yes/No

o~~~

Symptom responses: Yes/No
Peak muscle force (kg); symptom responses: Yes/No

Positive/Negative

Note: ACJ, acromioclavicular joint; ROM, range of motion; abd, abduction.

*Three trials performed.
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