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Summary

Background: ultrasound is a valid cost effective
tool in screening for rotator cuff pathology with
high levels of accuracy in detecting full-thickness
tears. To date there is no rotator cuff tendinopa-
thy classification using ultrasound. The aims of
this study are to define a valid high-definition ul-
trasound rotator cuff tendinopathy classification,
which has discriminate validity between groups
based upon anatomical principles.

Methods: 464 women, aged 65-87, from an estab-
lished general population cohort underwent bilat-
eral shoulder ultrasound and musculoskeletal as-
sessment. Sonographer accuracy was estab-
lished in a separate study by comparing ultra-
sound findings to the gold standard intra-opera-
tive findings.

Results: there were 510 normal tendons, 217 ab-
normal tendons, 77 partial tears, and 124 full-
thickness tears. There was no statistical differ-
ence in age or the proportion with pain between
the abnormal enthesis and partial tear groups,
however both groups were statistically older
(p<0.001) and had a greater proportion with pain

Muscles, Ligaments and Tendons Journal 2014; 4 (3): 391-397

(p<0.001 & p=0.050) than normal tendons. The
full-thickness tears were statistically older than
normal tendons (p<0.001), but not abnormal/par-
tially torn tendons. The proportion with pain was
significantly greater than both groups (p<0.001 &
p=0.006). Symptomatic shoulders had a larger
median tear size than asymptomatic shoulders
(p=0.006). Using tear size as a predictor of pain
likelihood, optimum sensitivity and specificity oc-
curred when dividing tears into groups up to
2.5cm and >2.5cm, which corresponds with
anatomical descriptions of the width of the
supraspinatus tendon.

Conclusion: the classification system is as fol-
lows: Normal Tendons; Abnormal enthesis/Par-
tial-thickness tear; Single tendon full-thickness
tears (0-2.5cm); Multi-tendon full-thickness tears
(>2.5cm).

KEY WORDS: classification, rotator cuff, high-defini-
tion ultrasound.

Introduction

Imaging plays an important role in the diagnosis and
management of the painful shoulder. High-definition
ultrasound is considered to be a cost effective imag-
ing method for screening of rotator cuff tears. It has
been extensively validated, and achieves high levels
of accuracy for detecting or ruling out full-thickness
tears. From systematic reviews of the literature
pooled sensitivities and specificities are 0.95 and
0.96 respectively. Sensitivity figures of 0.98 are re-
ported when using a probe of 10MHz or greater’=2.
The major limitation with high definition ultrasound is
its failure to accurately detect partial thickness tears.
Here sensitivities fall to 0.72 whilst specificities re-
main high at 0.931.

Detection errors and measurement errors have also
been examined®#*. Misdiagnosis is uncommon with
full-thickness tears. However with partial thickness
tears it is far more common and the majority of errors
are in missed diagnosis. In terms of measurement,
errors determined by those estimated outside of 5mm
from the arthroscopic measurement, are more com-
mon when measuring retraction than width of tear.
Errors are reported in 25% of retracted measure-
ments and 12% of width measurements*. Analysis of
interobserver variability has also shown to be low
when comparing consultant musculoskeletal radiolo-
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gists. Agreement is found in 96% of cases, and
where there was disagreement this was not major®.
Accuracy levels also depend upon the operator. With
the advent of portable high-resolution portable ma-
chines, ultrasound has become available to clinicians
to use in clinics, and is not restricted to use by mus-
culoskeletal radiologists. However questions have
been raised as to the appropriateness of this as ultra-
sound remains an operator dependent technique. Nu-
merous studies have demonstrated that experienced
orthopaedic surgeons have similar high levels of ac-
curacy when diagnosing partial-thickness tears to
musculoskeletal radiologists, which is statistically bet-
ter than general radiologists and sonographers 2:6-9,
In terms of what equates to ‘experienced’; the British
Society of Shoulder and Elbow Surgeons (BESS)
have produced evidence-based guidelines for best
shoulder ultrasound practice by orthopaedic surgeons
(www.bess.org.uk). This involves the attendance on a
shoulder ultrasound-training course, followed by a
brief period of familiarity scanning. Following this a
training protocol should be adopted, during which
shoulders are scanned pre-operatively on the day of
surgery and results compared to arthroscopic find-
ings. This should be reviewed after 50 and 100 scans
and predictive values compared to published results.
Once achieved the clinical use of ultrasound can be
recommended’©.

Current classification systems: tendons are classified
into not torn, partial tears and full-thickness tears. How-
ever there is a number of surgeon classifications which
attempt to subdivide full-thickness tears into smaller
subgroups. These include Cofield (1982) and Bateman
(1984) who divided tears into small (<1cm), medium (1-
3cm), large (3-5cm), and massive (>5cm). The South-
ern California Orthopaedic institute derived a similar
classification of small (pinhole), moderate (<2cm includ-
ing only one tendon with no retraction), large (an entire
tendon with retraction), and massive (two or more ten-
dons with retraction). Other systems have evolved
around shape (Ellman), retraction extent (Patte) or tear
position (Habermayer). There is no validated consen-
sus on how to subdivide full-thickness tears according
to size or morphology.

A number of studies have attempted to measure the
true anatomical footprint of the supra-spinatus tendon
in its average insertion width in the A-P plane. Al-
though there is no absolute consensus most muscu-
loskeletal radiology texts quote an A-P width of 25
mm'!, Other studies have been performed on cadav-
ers. Ruotolo used callipers to measure 48 cadaveric
specimens with a mean age of 72 years, and report-
ed mean widths of 25 mm?2, whilst Roh reported
mean widths of 21 mm +/- 3 mm™3. Other studies
have commented on the difficulty in making measure-
ments due to the inter-digitation of supra-spinatus
and infra-spinatus muscle units and tendon fibres. Mi-
nagawa reported that the anterior 12.5 mm consisted
solely of supra-spinatus fibres, and posteriorly anoth-
er 10 mm was a combination'4. Mochizuki reported
isolated supra-spinatus footprints to be as small as
16 mm, with the majority of the footprint to be anterior
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fibres of infra-spinatus sweeping forwards and thus
having a combined footprint of 33 mm15.

Arising from our observations in patients, we hypoth-
esised that in tendinopathy and pre-tear abnormali-
ties of the enthesis the normally smooth appearance
of the tendon bone interface seen on ultrasound
would be replaced with a craggy uneven interface.
This appearance should be possible to visualize us-
ing ultrasound examination.

The aims of this study are to define a valid classifica-
tion of rotator cuff tendinopathy using high-definition
ultrasound that can be used in the out-patient setting,
which has discriminate validity between groups and
based upon anatomical and clinical principles. We
aim firstly to validate abnormal tendon enthesis as a
distinct from normal group as this is easily identified
using ultrasound. Secondly we aim to describe a valid
sub-categorization of full-thickness tears. Our hypoth-
esis is that the clinical presentation of isolated single
tendon tears will be different to that of larger multi-
tendon tears and thus according to the anatomical lit-
erature, an ultrasound measurement of a single ten-
don tear would be up to 25 mm on the A-P plane.

Patients and methods

Setting and subjects: the study participants were se-
lected from the Chingford Study, a well-described
population-based cohort, derived from the register of
a large general practice in Chingford, North London
20 years ago, originally involving 1003 women. The
women, currently aged 64-87 years are representa-
tive of women in the UK general population with re-
spect to weight, height, and smoking characteristics.
With consent and ethical approval a musculoskeletal
assessment, and bilateral shoulder ultrasound exami-
nation was performed in all of the 463 women who
voluntarily attended the 20-year follow up visit.
Pain assessment: pain was defined as the presence
of shoulder pain in the previous 4 weeks, and severity
defined using the validated numeric rating scale
(NRS).
Ultrasound examination protocol: the procedure pro-
tocol was fixed and performed by a single operator
(343 by Ms HCL Hinsley (Orthopaedic SpR and au-
thor), and 123 by Mr A Nichols (Orthopaedic SpR).
Data was recorded from the left shoulder then the
right on a specific data collection sheet.
The ultrasound examination was performed using the
GE volusoni portable ultrasound machine with a 10-
16 MHz linear probe. The protocol for ultrasound ex-
amination of the shoulder is laid out below, and is
based upon the recommendations of the Nuffield Or-
thopaedic centre musculoskeletal radiology unit pro-
tocol. It is performed from standing behind the patient
who is seated on a stool to allow easy movement of
the arm.
1. Examination of long head of biceps.

The hand is placed on the thigh with the palm fac-

ing upwards. The biceps tendon is found in the in-

tertubercular groove of the humerus. Comment is
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made on the presence of the tendon, any fluid sur-
rounding the tendon and the stability of the tendon
in the grove when the arm is externally rotated.
2. Examination of subscapularis.
With the arm maximally externally rotated the
subscapularis tendon is viewed in the transverse
and longitudinal planes from its insertion on the
lesser tuberosity to the point at which it becomes
hidden behind the coracoid process. The quality
of the tendon and the presence/absence of a full
thickness tear were noted.
3. Examination of the supraspinatus tendon.
The subject’s hand is placed on their back with
the palm facing the lumbar spine. This extends
and internally rotates the shoulder bringing the
tendon out from underneath the acromium where
it can now be visualized using ultrasound. The
tendon is examined anteriorly in a near sagital
plane. The tendon is examined in the longitudinal
plane as it inserts into the greater tubersity, and in
the transverse plane from the leading edge back-
wards. Any fluid in the overlying bursa is com-
mented upon, along with the tendon quality and
presence of full-thickness tear. If a full thickness
tear is present this is measured on the transverse
view, and recorded in cm.
4. Examination of the infraspinatus tendon.
By placing the subjects hand on the contralateral
shoulder into a flexed and adducted position the in-
fraspinatus tendon is found distal to the spine of the
scapula in the longitudinal view. Again the quality and
presence of a full- thickness tear are noted.
Tendons were classified into one of 4 working
groups, and all tear sizes if present documented.
These working groups were created as a result of a
consensus meeting, involving the senior author. It
was felt that from personal observation that the ab-
normalities of the tendon enthesis should be included
as these represent a clear easily detectable differ-
ence on ultrasound to the normal tendon group, and
this could potentially provide new evidence for pre-
tear conditions. Partial-thickness tears were included
as a separate group as they are clinically managed
differently to full-thickness tears.

The groups were as follows (Fig. 1):

Normal tendon

The tendon has a normal homogenous appearance
throughout, and where it inserts onto the greater
tuberosity there is no abnormal reaction-taking place
on the bone side.

Abnormal tendon

The tendon may appear abnormal with loss of the ho-
mogenous appearance or appear abnormally thin.
There is an abnormal tendon enthesis, which is clear-
ly visualised as a ragged greater tuberosity. Fluid
may be present in the bursa.

Partial-thickness tear

A lucent patch is visualised in the tendon either on
the articular or bursal surface, but there are continu-
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Partial-thickness
tear

Normal tendon Abnormal tendon

Full-thickness
tear <2.5cm
(longitudinal)

Full-thickness
tear <2.5¢cm
(transverse)

Large full-
thickness tear
(>2.5cm)

Figure 1. Ultrasound images.

ous tendon fibres inserting into the greater tuberosity.
In all cases an abnormal tendon enthesis was ob-
served (even in those with bursal sided tears). Fluid
is often seen in the bursa.

Full-thickness tear

A lucent patch is visualised running through the full-
thickness of the tendon. The width of this in the sagi-
tal plane is the tear size. This is associated with a
concavity in the bursal surface, which is either direct-
ly visualised or becomes apparent with pressure from
the probe. The tendon enthesis is abnormal and there
is fluid in the bursa. In larger tears no tendon is often
visible. The surface of the greater tuberosity is abnor-
mal and a heterogenous substance fills the space left
by the tendon. In smaller tears a tendon edge may be
visible in the longitudinal plane and this measurement
is the degree of retraction.

Training and validation: training, followed the protocol
laid out in the BESS guidelines (www.bess.org.uk).
The initial training took place on the Skills Course in
Musculoskeletal Ultrasound held in Oxford in January
2010. Further familiarity experience took place in the
outpatient department at the Nuffield Orthopaedic
Centre, under the supervision of the senior author,
who is well-established in shoulder ultrasound.
Sonogropher validation took place using a local learn-
ing curve study'0. In this study, 50 pre-operative pa-
tients awaiting shoulder arthroscopy underwent an ul-
trasound scan of their shoulder on the morning of
their surgery. Participants were blinded to the diagno-
sis of the patients being scanned. The results were
compared to the same day arthroscopy findings.

Two examiners performed the ultrasound examina-
tions in this study; both of whom underwent the same
training protocols. Inter-observer validity was per-
formed using statistical comparisons between the dis-
tributions of diagnosis after adjusting for age and
pain. Intra-observer validity, by repeat scans, was on-
ly possible for 18 shoulders due to lack of consulta-
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tion space. Verbal and clinical examinations were not
re-performed and no notes from the previous exami-
nation were available. The protocol for the ultrasound
examination was unchanged.

Statistical analysis: inter-obsever validity was demon-
strated comparing the distributions of tendinopathy
groups diagnosed on ultrasound after adjustment for
age and BMI using the Mann-Witney_U test. Intra-ob-
server validity was demonstrated using a weighted
kappa test.

Age, BMI, and pain presence were compared be-
tween tendinopathy groups. Age was not normally
distributed and BMI was normally distributed. The
Mann-Witney-U test, Students T-Test, and Fischer’s
exact tests were used for non-normal, normal and
categorical data respectively. Distributions of tear
sizes across symptomatic and asymptomatic shoul-
ders were compared using the Mann-Witney-U test.
Correlations between tear sizes and the NRS were
demonstrated using a smoothed best-fit curve and
spearman’s correlation co-efficient. To determine the
optimum tear size as a predictor of pain a sensitivity
specificity analysis was performed and a receiver op-
erator curve used to predict the best fit model.

All statistics were performed using IBM SPSS Statis-
tics version 22 (IBM, Armonk, NY, USA). The re-
search has been conducted ethically according to in-
ternational standards as required by the journal as
described by Padulo et al.'8.

Results

Training and validation results: in the learning curve
study'0 the author’s accuracy of diagnosing full-thick-
ness tears was 96.0% (weighted kappa 0.959
(p=<0.001)), with sensitivity 95%, specificity 97%,
positive predictive value 95% and negative predictive
value 96.9%. Pearsons correlation coefficient of tear
size measurement was 0.761 (95%CI 0.469-0.903,
p<0.001), and when divided into groups accuracy
was 85%. The accuracy of diagnosing partial thick-
ness tears was 88.2% (weighted kappa 0.557
(p<0.001)), with sensitivity 55%, specificity 95.2%,
positive predictive value 71.4%, negative predictive
value 90.9%. However of the 4 missed partial tears,
these were all reported as abnormal footprints.

Intra and inter-observer validity within the general
population cohort: there was no significant difference,
after adjustment for age and pain, (Mann-Witney-U
p=0.80) in the distributions of diagnosis scanned by
each examiner across the cohort. Both examiners
scanned two cases and there was 100% agreement
within the classification system. Of the 18 shoulders
re-scanned there were 3 disagreements (weighted
kappa 0.915 p<0.001). In two cases a previously di-
agnosed partial-thickness tear was classified as an
abnormal tendon. The other disagreement occurred
in the size of the full-thickness tear. Here the original
diagnosis was a 1.3 cm full-thickness tear, which was
documented as having only a very thin abnormal
remnant of tendon visible aside of the tear. Two
months later this is recoded as a massive tear with no
visible tendon.

Study results: 926 shoulders were included in the
study; of which the clinical, demographic and radio-
logical characteristics are shown in Table 1.

Abnormal footprints and partial-thickness tears: there
was no significant difference in age, BMI or pain be-
tween abnormal tendons and partial thickness tears.
However age was significantly different when each
group was compared to normal tendons (Mann-Wit-
ney U p<0.001). The proportion with pain was also
significantly different between normal tendons and
both abnormal tendons (Fishers exact test p<0.001)
and partial-tears (Fishers exact test p=0.050). Both
the abnormal tendons and partial tears had a signifi-
cantly greater proportion of individuals with pain com-
pared to normal tendons, yet no significant difference
between each other (Graph. 1).

Full-thickness tear sizes: 123 full-thickness tears
were included in the analysis. There was no differ-
ence in BMI between any of the tendinopathy groups.
Those with full-thickness tears were significantly old-
er than those with normal tendons (Mann-Witney U,
p<0.001), but not those with abnormal/partial tears.
The proportion of full-thickness tears with pain was
significantly different from normal (Fishers exact test
p<0.001), and abnormal/partial tears (Fisher exact
test test p=0.006). Tear sizes were not uniformly dis-
tributed between symptomatic and asymptomatic

Table 1. Clinical, demographic, and radiological characteristics.

N (%) Median age Mean BMI % Pain

Normal 510 71 27.5 22.8
(55:1)

Abnormal 217 73 28.1 36.9
(23.4)

Partial tears 77 74 27.5 37.7
(8.3)

Full-thickness tears 124 74 28.5 51.6
(13.3)

All 926 71 27.8 31.2
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Distribution of symptoms between tendon groups
Binary symptoms

80.0%]

60.0%]

40.0%

20.0%]

Percentage within each tendon group

0.0%—
Normal tendon Abnormal tendon PTT FTT

supraspinatus tendon group [ Asymptomatic

[0 symptomatic

Graphic 1.

shoulders, with the median tear size being greater in
the symptomatic shoulders (Mann-Witney-U,
p=0.006) (Graph. 2a).

When correlating the size of tear with the NRS score,
the smoothed best-fit line demonstrates a change in
pain profile between tear sizes 2 and 3cm (spearman
correlation co-efficient 0.245, p=0.006) (Graph. 2b).
For tear size to be predictor of pain, a receiver oper-
ating characteristic (ROC) curve was used to define
the cut-off values predicting the presence of pain with
optimal sensitivity and specificity. This occurred be-
tween 0-2.5cm and >2.5cm.

Discussion

The overall aim of the study was to produce a valid
discriminate classification system of rotator cuff tears
that could be applied in the outpatient setting using
high-definition ultrasound. Therefore ultrasound has
to be able to validly determine the difference between

. L . ) ) Graphic 2a.
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groups. There were 2 limitations in the study method-
ology. Firstly, using a single clinician to assess symp-
toms and perform the ultrasound examination could
bias any association between symptoms and patholo-
gy, which could have been reduced with two blinded
examiners. To minimise this, a strict procedure proto-
col was followed which had the symptom assessment
performed first as this may have been easier to influ-
ence. Secondly, a larger intra-observer validity study
would have been preferable, but was not possible
due to resource constraints.

We have demonstrated firstly that we cannot accurately
diagnose partial thickness tears using ultrasound, how-
ever can validly identify pre-tear tendinopathy and en-
thesis pathology. This has been demonstrated by the
learning curve study that was undertaken a priory. Here
the accuracy rates are comparable with those quoted in
the literature, and show that sensitivities for detecting
partial thickness tears are significantly lower than that
for full-thickness tears where as specificity levels remain
significantly higher. This evidence would support any
classification system that could distinguish between full-
thickness tears vs no full-thickness tears. It would not
though, support a separate category for partial thickness
tears. From the minimal data that is present regarding
the missed partial-thickness tear in the learning curve
study, each of these was documented as having an ab-
normal tendon enthesis. This would support the ratio-
nale for having a group in which the tendon is not nor-
mal. The personal experience of the author and co-au-
thors is that although partial thickness tears are difficult
to detect, this abnormal tendon enthesis is easy to see
on ultrasound. Secondly, as shown by the Chingford co-
hort study, pain proportions and demographic profiles
for abnormal tendons and partial tears groups are the
same, yet significantly different to normal tendons and
full-thickness tears. Thus an abnormal tendon enthesis
and partial-thickness tear group combined is a valid and
easily identified group which has not previously been
described in the literature.

In terms of full-thickness tears we have shown using
a general population cohort, that the likelihood of
having pain is not uniform across the whole full-thick-
ness tear group, and neither does it change in a lin-
ear fashion. We used a sensitivity specificity model to
try to determine the point at which full-thickness tears
become increasingly likely to be symptomatic, and
defined the cut point using the closest to perfect pre-
dictive model. This occurred between sizes 0-2.5 cm
and >2.5 cm. In line with radiological and anatomical
studies looking at the supraspinatus footprint this
confirmed our hypothesis that the change occurred
between single and multi-tendon tears, and likely re-
flects the altered biomechanics of the shoulder with
large multi-tendon tears.

This classification was not designed to sub-catego-
rize individuals into different treatment groups as
there are a wide range of treatments available which
must be tailored individually. Indeed as this data has
come from a general population cohort it does not
necessarily demonstrate the self selecting cohort of
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patients who seek treatment, as in this case 48.4% of
full-thickness tears were pain free. It does however
provide a valid tool to clinicians in the outpatient clinic
to classify rotator cuff pathology using high-definition
ultrasound.

Summary

Using a general population cohort this study has
demonstrated a valid classification of rotator cuff
tears using high definition ultrasound that can be ap-
plied in the outpatient setting and is based upon
anatomical principles and clinical presentations. Each
group can validly be identified, and has different pro-
files in terms of demographics and pain.

The classification system is as follows:

1. Normal Tendons

2. Abnormal enthesis/ Partial-thickness tear

3. Single tendon full-thickness tears (0-2.5 cm)

4. Multi-tendon full-thickness tears (>2.5 cm).
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