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ABSTRACT

Background: Because Achilles tendon disorders, which are common, have a
significant morbidity among athletes, further research into efficacious treatments is

necessary. Yet there is a lack of objectivé or quantifiable outcome measurement tools.

Purpose: The purpose of this thesis was to investigate outcome measurement tools
used in Achilles tendinopathy research. In particular clinical measures that quantify the
severity of the patient's condition and ultrasound and magnetic resonance imaging

“were examined.
Methods: A 3-month prospective study was done.

Participants: Forty five consecutive patients (27 men, 18 women; mean-age 42 years,
range 20-66 years) with 57 symptomatic and 33 asymptomatic Achilles tendons (mean

duration 21 months, range 0.5 - 120 months) were admitted to the study.

Results: The VISA-A questionnaire had construct validity. The VISA-A scores of the
45 subjects correlated significantly (p<0.01) with their scores on two other clinical
severity grading systems. There was also a significant difference in scores among the
45 symptomatic subjects (mean 63.75 £ 16.81) compared to the VISA-A scores of 66
asymptoﬁatic University students (mean 95.95 + 7.41) (p<0.01). The test-retest

reliability was 0.930, the interrater reliability was 0.903, the intrarater reliability was

0.903 and the short term reliability was 0.805.
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Ultrasound had a sensitivity of 0.65 and specificity of 0.67 and an overall accuracy of
0.66. The addition of colour and power doppler interrogation did not enhance the
accuracy of US. MRI had a sensitivity of 0.56, a specificity of 0.94 and an overall

accuracy of 0.68.

At 3 month follow up 7 of the 45 patients had improved, 37 remained the same and 1
had worsened. Only the baseline VISA-A score correlated with the 3 month results
(p<0.01) neither US nor MRI was able to differentiate between cases that would

improve and those that would worsen.

Conclusion: The VISA-A index of severity for Achilles tendon disorders offers a
valid, reliable and quantifiable outcome measurement tool useful clinically and in
research. Imaging lacked sensitivity and therefore not suitable as an outcome measure.
Neither imaging modality proved more accurate but because of the cost and

accessibility US would be preferred when imaging is required.
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INTRODUCTION

Tendon injuries account for a substantial portion of overuse injuries in sports.*

Among recreational athletes the Achilles tendon is one of the most commonsites of -

injury.’” Overuse Achilles injuries occur particularly among athletes involved in

268-10 9-11 1112

running racquet sports,'' jumping sports,” ! soccer'! '? and dancing.'> Among

top level runners the incidence of Achilles tendon overuse injury is 7% to 9%.* There
is significant morbidity associated with an Achilles tendon injury” ' because of

persistent symptoms, ' recurrences and in 2%° to 16%'® of athletes abandonment of

their sport.” "/

Achilles tendinopathy refers to the clinical syndrome of pain in the region of the
Achilles tendon with diffuse or nodular swelling in that area.”” Treatment, typically
consists of relative rest, anti-inflammatory medication,'® physical therapy,'®

modalities, ice, strengthening exercises, orthotics, heel lifts, stretching and even

surgery’ '° for persistent cases. However, few controlled studies have tested the

efficacy of these forms of treatment.®” '* 7!

Double-blind, randomised, placebo controlled trials are required to test treatment

22-24

efficacy. Ideally the severity of the patients condition should be measured because

142 and stratification-permits

more severe injuries may take longer to improve
comparison among similar groups. The end point or desired outcome should be

defined® but there is a lack of a standardised system of assessing this in

orthopaedics.’®?® A standard disease-specific grading system facilitates researchers to



better assess efficacy of treatment and compare different methods of treatment.”®"!

Evidence based treatments may then be used in clinical practice.

The purpose of this thesis was to investigate outcome measures of use in Achilles -
tendinopathy research. In particular attention was vfocﬁsed on clinical measures that
may be used to quantify the .severity of the patieﬁt’s condition and to assess changes
in condition. Secondly, the value of imaging as a potential outcome measure was also

investigated.



CHAPTER ONE
LITERATURE REVIEW

Because Achilles tendon disorders, which are common, have a significant morbidity

-~ among athletes involved in many sports, it has been recognised that further research
into efficacious treatments is necessary. Part of the difficulty in assessing differences
in treatment results is due to a lack of objective or quantifiable outcome measurement

tools.

A literature search was done to identify and analyse potential outcome measures
which have been used in Achilles tendon research. Potential outcome measurements
include: histopathology; biochemical markers; clinical findings; subjective outcome

measures and imaging findings.
1.1. HISTOPATHOLOGY

While histopathological evidence of disease progress is an important gold standard in
diagnostics, this is unsuitable for use as an outcome measurement tool in the research
and clinical setting. Firstly patients who have improved are not likely to agree to
biopsy in order to confirm healing. Secondly, surgery is unacceptable to a patient
with a mild Achilles tendinopathy. Thirdly, repeat biopsies may influence tissue such
that second and third biopsy results may show evidence of the surgical procedure
rather than the nature of the tissue healing. Finally, histopathology has a false positive

rate: Kannus and Jozsa found histopathological abnormalities in 160 of 445 cadaver
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tendons of healthy individuals with no tendon complaints®” and Astrom and Raﬁsing

found histopathological changes in 20% of asymptomatic control tendons.™
1.2. BIOCHEMICAL MARKERS

In general, laboratory or biochemical examinations play a minor role in the diagnosis
of tendon disorders.” There are no measurable markers of disease activity that would

prove useful in a clinical or research setting.
1.3. CLINICAL

In clinical practice a careful history and physical examination forms the basic
standard for diagnosing tendon conditions.” However in a research setting clinical
examination findings are variable®® and individuals may present with a number of
positive clinical findings.”” Without a standard clinical assessment tool it is difficult
to quantify clinical findings and there may be observer bias.> *’ Patients present
mainly because of pain,” which is an entirely individual experience and therefore
difficult to quantify.*®*° Nevertheless there has been an attempt to quantify subjective

information.
1.4. SUBJECTIVE OUTCOME MEASUREMENTS
While pain is the usual presenting symptom,3 840 functional status is also an important

outcome measure.*' There is a surprising low correlation between pain and

disability”® and therefore an outcome measurement tool must record pain, function

4




and activity.”” In a search for relevant outcome systems, five grading schemes have

been identified and listed in Table 1.1. There are however a number of limitations to

these grading systems and a need is identified for a more specific and more sensitive

measurement tool. A subjective index of severity of Achilles tendinopathy disorders

may then be used in research and in the clinical setting.

Table 1.1. List of grading systems for Achilles tendinopathy identified in a literature search.

Author Population Type of Rating system Comments

Date intended

Percy and Results of Four point descriptive Arbitrary categories derived.

Conochie*”  surgery of scale of excellent, good, Not validated and reliability not tested.
1978 Achilles fair and poor arbitrarily

(Table 2.4)  tendinopathy. devised.

Curwin and  Grading of A 6 point scale, combining  Arbitrary categories derived, not specific
Stanish*? tendinopathy in  the domains of pain and to Achilles tendons.

1984 general. activity in one scale Limited in sensitivity.

(Table 2.5) Not validated and reliability not tested
The Ankle hindfoot 3 domains of pain, This is non specific for Achilles tendon
American scale for function and alignment, disorders, particularly as symptoms such
Orthopaedic  patients scored over 9 questions on  as morning stiffness, pain during and after
Foot and undergoing a four point categorical activity and pain with stairs®’° are not
Ankle ankle surgery scale totalling 100 possible represented and activity level is not
Society. points. documented.

Kitaoka, et

al

1994

Thermann et
al®
1997

Leppilahti et
al. modified
from
Boyden et
al*® 1998

Surgically
treated ruptured
Achilles
tendons.

Surgically
treated ruptured
Achilles tendons

11 questions scored on
mostly a 4 point Likert
Scale. Items include Range
of Motion, Calf
circumference, Thompon's
test, Strength testing, Pain,
sports activity, sensitivity
to weather and subjective
assessment.

8 Questions covering the
domains of Pain, stiffness,
muscle weakness, range of
motion and footwear
restriction, plus subjective

~ outcome and calf muscle

strength all included in 4
point Likert scale, totalling
100 points.

All (excepting pain and sports activity
items) not applicable to Achilles
tendinopathy.

The four point Likert scale has been
shown to be insensitive to subtle changes
in clinical condition.””

The questionnaire was not validated and
reliability not tested.

Redundancies in the questions.

The four point Likert scale has been
shown to be insensitive to subtle changes
in clinical condition.”’ %

The questionnaire was not validated and
reliability not tested.




1.5. IMAGING

Controversy exists over the value of imaging in assessment of Achilles tendon
disorders. In particular a literature s.earch was performed to answer the following
questions. (1) What is the best technique to use in imaging tendons? (2) How well do
Ultrasound (US) and Magnetic Resonance Imaging (MRI) correlate? (3) Does the
severity of a tendon problem correlate with imaging findings? (4) Can imaging
severity be regarded as a prognostic indicator in tendon disorders? (5) What is the
overall value of imaging in Achilles tendon disorders? A literature review was done

‘ using MEDLINE database (from 1966 to the present), which was searched for any
.articles related to Achilles tendon and imaging. Additional references were reviewed
from the bibliographies of the retrieved articles. A total of 26 original papers (Table

1.2) and 8 review articles (Table 1.3) were identified.
1.5.1 What is the best technique to use in imaging tendons?

Before US and MRI, séft—tissue radiography was the most popular imaging
examination in Achilles tendon disorders.” But tendons are not visible on normal
radidgraphs because of the limited contrast between normal muscle and tendon and
injured tissue.”’ Although xeroradiography, burso graphy, tenography and
arthrography were used to increase tissue contrast, the importance of these modalities
has diminished.””” Computer Tomography (CT) has also largely been replaced by US
and MRI, particularly as Kalebo ef al.>> and Weinstabl et al.” have shbwn aﬁ

increased accuracy with US or MRI.
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Table 1.3. List of review papers dealing with imaging and Achilles tendons

Title

Author/ Date Study design

not°the x-ray advancesgln

*dlagnostlc imagin 1g do‘notreplace the need for -
i cliniéalinterpretation:
Jacobson’* 1999 review Muskuloskeletal sonography and MR i 1mag1ng A o .
B role for both i imaging methods.
/Magnetlc Resonance Imagmg of Pathologlcal
s s Conditions-of the’ Ach1lles£Tendon
review Tendon Injuries of the lower extremity:
Resonance assessment
- Magnetic Resonance Imaging:of. Tendon 5
b o, R ‘Pathology about: the Foot and Ankle.
O'Reilly and Massouh’ review Pictorial review: the sonographic d1agn051s of .
1993 pathology in the Achilles tendon.

b revie

»].5. 1.1. Ultrasound:

Table 1.4 summarises technical factors to take into account in imaging tendons by

47 50 . .
d*”*° using linear transducers®'

US. The recommendations are for real time ultrasoun
with a frequency of 5 MHz to 15 MHz*® utilising both longitudinal and transverse
views.®! Care must be taken to place the probe parallel to the fibres in longitudinal
scans and strictly perpendicular in transverse scans.®**? A thickness of 4.0 - 6.7 mm
on transverse images is considered normal®® and a bursa with thickness less than 2-3
‘mm 1s considered normal,®’ but the appearance of the bursa depends on flexion and
extension of the ankle.*’ A s-tand.off pad is not necessary.®' Imaging of the
pératendon is unreliable.® Grading of imaging findings may be poss'ible either on a 3
.point scale, (normal, thickened or»hypoechoic),6° or by area of hypoechogenicity on
axial view.” Power and colour doppler have not been studied for the Achilles tendon,
but in studies of the patellar tendon® colour flow may be increased in abnormal areas,

which offers objective evidence of abnormalities that are not operator dependant.

Similarly positive power doppler may also offer objective evidence of tendon

abnormality on Us,®® although these two techniques are as yet experimental.
8




Table 1.4. Technical factors in performing US on tendons.

Author/ Date

Technical advance

Fornage 19875

Mathieson er al. 1987%

Barbolini e al. 1988°° and Fornage 1986

Fornage 1988%'

Crass et al. 1988%2

Kainberger et al. 1990%*

Kallinen and Suominen 1994%

Koivunen-Niemela ez al. 19955

Bertolotto ef al. 1995%°

Astrom et al. 1996%
Movin et al. 1997
Gibbon and Cooper 1998°

Archambault et al. 1998%°

Fessel ef al. 1998%7

COLOUR AND POWER DOPPLER

Newman et al. 1994%

Weinberg ef al. 1998%°

The obliquity of the superficial tendon resuits in a false

hypoechogenicity due to reflection and refraction of the US beams.

Therefore the probe should be placed strictly parallel to the tendon
fibres in longitudinal scans and strictly perpendicular in transverse
scans.

Described the variability of the retrocalcaneal bursa with flexion
and extension of the ankle.

Real time ultrasound rather than B-mode static US.

Linear transducers with beams perpendicular to the superficial
tendon preferable. Frequency of the probe from 5 MHz to 10 MHz
allows an overview of the entire tendon at the lower frequencies
and then optimal spatial resolution at the higher frequencies. Both
longitudinal and transverse views required.

Use of a stand off pad improves contact between the surface of the
probe and the anatomic structures allowing visualisation of the
subcutaneous tissue. .

Confirmed the angle dependence of the echogenicity of tendon
(anisotrophy) in a controlled ex vivo setting.

Described the normal thickness of the tendon as 4.0 -.6.7 mm in
healthy adults with athletes tendons thicker than 6mm.

Showed width of tendon larger in elderly athletes than elderly
sedentary controls. There were no differences in echogenicity
among athletes and sedentary individuals. Suggested width of
tendon during transverse imaging better dimension to use for
detecting inter tendon differences.

There is a large variation in shape of the tendon causing up to
25% variation in the measured thickness values. The tendon
thickness correlates with body height.

Suggested higher frequencies of 10 - 15 MHz, which differentiated
anatomically distinct tendon portions arising from the soleus and
gastrocnemius muscles.

Imaging of paratendon unreliable.
US guided percutaneous biopsy feasable.
No stand off pad used.

Graded US findings as 1= normal; 2= enlarged tendon; 3= tendon
with hypoechoic lesions regardless of size.

Review of US technique. Confirmed measurement in axial plane.
Defined abnormal retrocalcaneal bursa as thicker than 2-3mm at
insertion.

Assessed value of power doppler among a variety of
musculoskeletal complaints including shoulder, elbow "tendonitis,
bursitis." Hyperaemia seen in areas identified as abnormal on grey
scale.

Increased colour flow in areas already identified as abnormal on
grey scale.

9




1.5.1.2. Magnetic Resonance Imaging:

On MRI (Table 1.5) normal tendons appear black on all sequences due to dense
collagen.” On T1 -weighted and T2-weighted MRI tissue contrast is enhanced and
fluid and pathological processes appears grey (low signal intensity) on T1- weighted .
images and white (high signal intensity) on T2 -weighted images.”’ Other pulse
sequences have been developed including partial ﬂip; angle, gradient reversal, fat
suppression, chemical shift and three-dimensional volumetric imaging.”' Contrast
between abnormal increase in water content may be optimised by gradient
acquisition; short tau in?ersion reéovery or long repetition time/echo time (TR/TE)
sequences.’® Spin-Echo T1-weighted and T2-weighted images in various planes as
well as either fat-suppressed or fast inversion recovery sequence have also been uéed
to look for fluid and oedema.”? In the patellar tendon and therefore bossibly in the
Achilles tendon, T2-weighted sequences (particularly the T2*-weighted GRE
sequences) may have greater sensitivity than the T1-weighted protocols.’> Similarly
contrast enhanced imaging may increase sensitivity of detecting abnormalities in the

6376 then a 3mm

Achilles tendon.”® A head coil may be used to assess bilateral tendons
slice thickness without an interslice gap is usually used, with a 256-matrix for T1
weighted images and 128 matrix for T2 weighted images.”®

Imaging of paratendon is unreliable®® ®

and the dimensions of the retrocalcaneal
bursa are variable. Although generally a dimension of more than 1 mm ih the
antefoposterior plane, 11 mm in the transverse plane and 7 mm in the craniocaudal
plane may be considered abnormal.®’ The appearance of normal tendon is also

variable, with 45% of asymptomatic-'tendons showing heterogenous signal intensity

with distal stripes or punctate foci.®® Small intermediate intensity intratendinous

10




regions have also been detected in 4% of asymptomatic cases on FLASH.® For
Achilles tendons the magic angle phenomenon is not as crucial as for a curved tendon
such as the rotator cuff, however, artefactual hyperintensity on short-TE and GRE

images due to T2 augmentation, must be considered.” >

1.5.2 How well do Ultrasound and MRI correlate?

Five studies (Table 1.6) were identified that assessed US and MRI among the same
group of patients. Weinstabl ez a/.®” and Neuhold ez al.*®® were able to confirm the
appearance of total rupture on imaging, but this was also identified clinically and
confirmed at surgery for 8 patients in both studies. For the remaining 20 patients with
unclear clinical diagnosis, imaging was presumed to be the gold standard, and all
patients had positive findings on imaging. While in both of these two studies the
absolute diagnosis (for example tendinosis, partial rupture or peritendinosis) did not
correlafe exactly among the two imaging modalities. Surgery was only performed in
20% of these patients and did not offer additional information to assist identifying
unique imaging features of specific diagnoses. This is not surprising considering that
partial ruptures and tendinosis show the same degenerative histological features, and
therefore it would be expected that the imaging findings would be the same in both

these conditions.™>
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Table 1.5. Techniques in Magnetic Resonance Imaging of Achilles tendons.

Author / Date

Technical advances

Beltran et al. 1987%°

Quinn et al. 1987%

Kerr et al. 1990

Mink et al. 19917

Erickson et al. 1993%

Brandser et al. 1995%

Astrom et al. 1996%

Bottger et al. 1997%

Khan et al. 1998°

Movin et al. 19987°

Soila et al. 1999%

Normal tendons appear black on all sequences due to dense collagen. T1-
weighted sequences yield high contrast between the dark tendon and the
bright signal from the surrounding fat.

Utilised 1.5T superconductive MR unit. Use of head coil.
T1 weighted spin density and T2-weighted spin echo images obtained.

Suggested obtaining both T1 -weighted and T2-weighted images as tissue
contrast is enhanced. Fluid is of low signal intensity (grey) on T1- weighted
images and high signal intensity (white) on T2 -weighted images. Pathologic
processes ought to demonstrate a pattern of signal intensity similar to that of
fluid. Other pulse sequences have been developed. Introduced other
sequences including partial flip angle, gradient reversal, fat suppression,
chemical shift and three dimensional volumetric imaging.

Contrast between abnormal increase in water content may be optimised by
Gradient acquisition; short tau inversion recovery or long (Repetition
time/echo time) TR/TE. sequences. Use of head coil to assess bilateral
tendons.

3mm slice thickness without an interslice gap usually used, with a 256-matrix
for T1 weighted images and 128 matrix for T2 weighted images.

Described magic angle phenomenon in tendons that become artefactually
hyperintense on short-TE and GRE images due to T2 augmentation.

Review of MRI appearance of normal and injured tendons. Reinforced
importance of magic angle. Suggested using Spin-Echo T'1-weighted and T2-
weighted images in various planes as well as either fat-suppressed or fast
inversion recovery sequence to look for fluid and edema.

T1-weighted and T2-weighted images (SE TE/TR 30/587 and 8572000,
respectively) with 4 mm slices in sagittal plane and T1-weighted iamges (SE
TE/TR 30/693) with 5 mm slices at 10 mm intervals in the axial plane.
Imaging of paratendon unreliable.

Defined the dimensions of a normal and abnormal retrocalcaneal bursa.
Asymptomatic ankles have detectable bursa, but of a dimension of no more
than 1 mm in the anteroposterior plane, 11 mm in the transvérse plane and 7
mm in the craniocaudal plane.

Assessed patellar tendons. First to suggest that the T2-weighted sequences
(particularly the T2*-weighted GRE sequences) have greater sensitivity than
the T1-weighted protocols. However the T1-weighted signal can image most
cases of patellar tendinopathy.

Contrast enhanced imaging may increase sensitivity of detecting
abnormalities.

Described the normal appearance of the tendon, utilising images at 1.5T with
axial high resolution T1-weighted gradient echo (fast low-angle shot
(FLASH)) and short inversion recovery (STIR) sequences. Showed
heterogenous signal intensity with distal stripes or punctate foci. Small
intermediate intensity intratendinous regions detected in 4% of asymptomatic
cases on FLASH. Paratenon visualised in all cases on both sequences.
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One 1s unable to draw any conclustons from these studies regarding which imaging

technique is more effective.

On the other hand, in a 1996 study by Astrom ez al.® of 27 tendons, all verified as
having tendinosis by surgery, it was found that presurgical US had a sensitivity
80.1%, and specificity 92%. MRI on the other hand had a sensitivity of 96% and
specificity of 86%. Overall accuracy of US was 95% and of MRI was 93%. One

would therefore conclude that neither imaging modality is superior.

Movin et al.’* suggested that Gadolinium enhancement improved the imaging of
intratendinous signal abnormality on T1-weighted images. They also showed that
when compared to US the‘volume of intratendinous change on contrast enhanced
- MRI was larger than the corresponding hypoechoic area on US, although the shape

and tendon enlargement was the same.”

Karjalainen ef al.”' assessed a group of pbst operative patients and showed thickening
of the tendon on both US and MRI in all cases where a rupture was repaired
surgically, despite good clinical results. This cross sectional study offers little
additional information on the comparison between US and MRI, although it offers
evidence that imaging changes remain positive in post surgery tendons, despite

improvement clinically.
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1.5.3. Does the severity of a tendon problem correlate with imaging findings?

1.5.3.1. Ultrasound:

No studies were identified, that classified tendon disorders by clinical severity prior
to imaging. However, Kainberger et al.>* classified their 73 symptomatic patients
with Achilles tendon disorders into duration of symptoms, with three classes: (1)
symptoms less than 2 months; (2) symptoms lasting 2 months to one year and (3)
symptoms lasting longer than one year. Unfortunately it was not clear how many.
patients were in each group. Nevertheless, they found that US was normal in 20 of the
73 patients of whom 14 cases had symptoms for less than 2 months (Table 1.7).
Maffulli e al.>® and Mathieson et al.*’ similarly suggested that their false negative US
findings (20.5% and 40% respectively) were found in patients with acute or milder

symptoms (Table 1.7.)

This is in contrast to the studies by Paavola ez al.,’” Kalebo et al.> and Astrom et al.%®
who found that in patients severe enough to undergo surgery, there were some false

negative US findings. Paavola et al.”’

for example found among 80 symptomatic
tendons 3 that were normal on US yet abnormal at surgery and Kalebo ez al.> found,
in their series of 37 tendons undergoing surgery for a clinically suspected partial
rupture, that 5 patients had negative US, yet surgery revealed oedema, peritendinitis

or post operative changes. Astrom et al.%”?

who operated on one false negative US
patient still found pathology on histology although the grading of the histology was

less severe than the patients with abnormal imaging.(Table 1.7).
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Biopsy evidence also reveals abnormal histology in normoechoic areas of a tendon.
Movin et al.” were able to obtain a histological grade of severity for all 20 of their
subjects with Achilles tendon pain. Clinically all patients had a painful, swollen
tendon and all had US directed biopsy of any hypoechoic lesions as well as biopsy of
the adjacent normoechoic areas. It was found that all hypoechoié areas were markedly
abnormal on biopsy, and even normoechoic areas were moderately abnormal on
histopathology, implying that the correlation between what is seen at imaging is not

necessarily what 1s expected at pathology.

1.5.3.2 MRI:

Astrom et al.®’ and Movin ef al.”® acknowledged that all of their cases were severe
enough to have warranted surgery. Astrom et al. found that tendons that were thicker
~ and had increased signal intensity on MRI had higher (worse) histopathological
scores than those with normal imaging. Movin et al. too found one case of false
negative imaging, however, in neither of these st_udies was the clinical outcome
reported and the clinical significance of the false negative MRI is unclear.
Nevertheless it would suggest that in MRI a negative result in a symptomatic patient

does not necessarily mean a milder condition (Table 1.8).
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Table 1.7. Studies reporting false negative US results.

Author / Date Imaging Rate of false Comment on
Modality negatives severity

Acute or mild cases only

Maffulli et al.> /1987 US 8/55 (20%) Possible acute
‘cases

Mathieson et al.*’ /1988 US 8/20 (40%) Resolved in 4-6
months.

Kainberger et al.>* /1990 US 20/73 (27%) 14 acute cases
with no swelling.

Severe surgical cases

Lehtinen et al.” /1994 US 2/34 (3%) One normal on
surgery as well.

Astrom et al.*’ / 1996 US 5/26 (19%) Severe enough to
warrant surgery.

Paavola et al.”’ /1998 US 3/79 (4%) 2 surgery
positive; one
negative.

Severity undefined.

Kalebo et al.>*/1990 US 2/62 (2%) Not Stated

Weinstabl ez al.®’ /1991 US 1/10 (10%) Not Stated

Nehrer et al.*® /1997 US 20/48 (42%) US graded not
clinical findings.

Archambault ef al.%° /1998 US 11/33 (33%) US graded not

clinical findings.

Table 1.8: Studies reporting false negative MRI results.

Author / Date Imaging Modality Rate of false Comment on
negatives severity
Astrom et al.*” 1996 MRI 1/27 (4%) Severe enough to
27 patients warrant surgery.
Movin ef al.” 1998 Contrast enhanced 1720 (5%) Severe enough to
MRI , warrant surgery.
20 patients
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1.5.3.3. Conclusion:

It would seem therefore among symptomatic patients, that there is a poor correlation
betweenl findings at US and MRI and severity of tendon disorder. This is reinforced
by the number of false positive imaging findings in asymptomatic tendons (Table
1.9). However no one single study has assessed the correlation of imaging findings
among a spectrum of cases of different clinical severity and this issue therefore

remains controversial.

1.5.4. Can imaging severity be regarded as a prognostic indicator in Achilles

tendon disorders?

Despite twenty-six original papers and eight review papers dealing with the value of
Ultrasound or Magnetic resonance imaging in assessing Achilles tendinopathy, the
usefulness of imaging as a predictive determinant remains controversial. Khan and
Kannué remind us that only prospective controlled studies provide evidence of
causality while cross sectional studies offer only descriptive information.’”? Four
studies (Table 1.10) have been identified that prospectively assessed outcome of
patients with Achilles tendon disorders and attempted to correlate outcome to

imaging findings. A fifth study was identified that did this in a retrospective fashion.
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Table 1.9. Studies reporting false positive US and MRI results.

Name / Date Imaging False positives Comment
Us
Kalebo et al.>* /1990 Us 7/16 (43.8%) US presumed Gold Standard.

Gibbon et al.® /1999

Astrom et al.%® / 1996

Kainberger* /1990

Nehrer et al.* /1997

Sell et al.** /1996

16 contralateral
asymptomatic tendons

uS
38 tendons of healthy
volunteers

usS
13 asymptomatic
contralateral tendons

us

24 healthy asymptormatic
volunteers;

contralateral asymptomatic
tendon

usS
24 asymptomatic
contralateral tendons

us

34 asymptomatic cadaver
tendons.

Mean age 55 years.

occasional small hypoechoic foci.

113 (7.7% )

4/24 (16.7%)
Thickening in 4 asymptomatic
volunteers.

9/? "abnormalities of tendon structure”
in contralateral tendons (7/9 previous

history)

5/24 (20.9%)

19/24 (79.1%)

echo change and increased diameter.

Insufficient data - outcome
not reported. Unknown
significance.

US presumed Gold Standard.
Insufficient data - outcome
not reported. Unknown
significance.

Thickening and hypoechoic
lesion. Insufficient data -
outcome not reported.
Unknown significance.

Insufficient data - outcome -
not reported. Unknown
significance.

None of these had ruptured
on follow up, however,
insufficient data as to
outcome.

Sonography prone to artefact;
No correlation to strength or
rupture.

Histology: necroses, scars
and fissures in all regions of
the tendons.

Name / Date Imaging False positives Comment
MRI
Astrom et al. /1996  MRI 2/14 (14.3% ) 2 high signal intratendinous
14 asymptomatic lesions on T1. Insufficient
contralateral tendons data - outcome not reported.
Unknown significance.
Movin et al.® /1998 Contrast enhanced MRI 2/? Insufficient data -

Soila et al. /1999

Contralateral
asymptomatic side of 20
patients.

MRI T1-weighted FLASH
and STIR.

19 healthy volunteers (38
tendons)

62 asymptomatic
contralateral tendons

high signal abnormality near the
insertion.

Signal intensity noted:

45/100 mildly inhomogeneous
intratendinous.

38/100 thin, intermediate
30/100 patchy intratendinous
intermediate- high

4/100 small areas of intratendinous

ground glass intermediate

number of unilateral cases
not reported.

outcome not reported.
Unknown significance.

Only a single sequence done,
most other studies report
MRI as positive if on more
than one sequence.
Description of normal
variants.
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Table 1.10: Imaging findings correlated to clinical outcome.

Author /

Imaging Findings at baseline US Clinical at FU Imaging at FU Comment
Date Subjects
Follow up Clinical at
(FU)Y baseline
Mathieson er US 8 normal 8 resolved 8 normal Thickening or
al® /1988 20 symptomatic 3 fluid around tendon 3 resolved 3 normal hypoechoic changes
4 - 6 months 3 bursa 2 resolved 2 normal on US would suggest
3 indistinct border 3 resolved 2 normal. a pooTer Prognosis. )
6 thickened or hypoechoic 5 surgery 6 thickened
Nehrer et us 20 true negative No ruptures Normal or low grade .
al > /1997 36 patients 20 false negative No ruptures US had better clinical
2 - 5 years (48 symptomatic 14 good, 6 fair outcome, and less
24 asymptomatic 5 false positives No ruptures likely to have US
tendons) 28 true positives WOTSEn.
17 grade 1 (6-8mm) 1 rupture; 0 better; Incidence of rupture
6 good, 11 fair 13% worse high compared to the
6 grade 2 (8-10mm) 2 ruptures; 18% improved reported prevalence of
2 good, 4 fair 14% worse 0.01%. % Possibly
Sgrade3 (10 - 12mm) 4 ruptures 0 better; influenced by the 3
1 good, 4 fair 80% worse. patients who had
: infiltrations preruture.
Outcome possibly
confounded by
treatments, which
were not stated.
Archambault  US 11 grade 1 (normal) 8 recovered Not done Outcome among the 3
etal ®/ 33 patients 3 symptomatic grades the same,
1998 11 grade 2 (enlarged 5 recovered although rate of
retros- tendon) 6 symptomatic recovery different
pective 11 grade 3 (hypoechoic 5 recovered among grades, with a
1 year changes) 6 symptomatic higher likelihood of
recovery if grade 1.
Astrom et us 5 normal US Not correlated Not done Tendency towards
al® /1996 26 patients 1 hypoechoic to imaging: better clinical
1 year chronic severe 20 thickened and 20 excellent response in 6 cases
tendinopathy hypoechoic 2 good that were not
All underwent 2 fair thickened.
surgery 3 poor Excellent outcome in
those with abnormal
imaging.
MRI 1 normal Not correlated ~ Not done Outcome of those
27 patients 4 low signal & thickened to imaging: with normal or
chronic severe 22 high signal & 20 excellent thickened MRI the
tendinopathy. thickened 2 good same as those with
All underwent 2 fair high signal intensity.
surgery. 3 poor
Marcus et MRI Not done MRI presumed gold
al® /1989 7 patients standard.
3 months (4 total rupture; 3 total rupture; 1 partial 4 good results 6 good results with

2 possible total
rupture;

1 chronic
tendinopathy)

tear.

1 normal continuity; 1
total rupture.

1 tendinopathy.

(1 surgery)
2 good results

poor restlt.

only one total rupture
undergoing surgery.
Results at follow up
biased as non
randomised, open
study. Prognostic
value of MRI unclear.
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1.5.4.1. Ultrasound:

The findings of Mathieson ez al.,* Nehrer et al.>® and Archambault et al.*® would
hz;ve us believe that imaging may be predictive of outcome. They all fdund that
patients with normal imaging tended to have a better prognosis and that those with
thickening or hypoechoic lesions tended to have a poorer prognosis. Astrom et al.®
similarly found a tendency towards a better clinical response in those tendons that
were not thickened on imaging. They do however caution that excellent results are
still compatible with abnormal imaging. They also note that the patients were easily
diagnosed clinically and acknowledged that all their patients were severe cases that

required surgery.

1.5.4.2 MRI:

Astrom et.al.*”’ found that among their 27 surgically treated patients the outcome at 1
year follow up was the same for those with normal or thickened tendon as for those
with intratendinous high signal intensity. Marcus et al.%* similarly had mostly good
results in the seven patients who all had positive MRI ﬁndings, suggesting that

abnormal MRI is compatible with good clinical results.

Therefore, although earlier studies would suggest a prognostic benefit of imaging, the

1ssue remains controversial.
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1.5.5. What is the overall value of imaging in Achilles tendon disorders?

1.5.5.1. Ultrasound:
Seven studies were found that offered sufficient data that the sensitivity and
specificity of US could be calculated (Table 1.11). The overall accuracy of US ranged

from 0.65° to0 0.95.%

Of these studies only four (Table 1.12)* 3* ¢ ® were felt of sufficient quality
(radiologists blinded to the clinical findings and adequate control group used), that an
attempt at a meta-analysis could be done. The sensitivity is calculated as 0.66 and
specificity as 0.85 for an overall accuracy of 0.72. The positive predictive value of"

US is calculated as 0.92 and negative predictive value as 0.50.

1.5.5.2 MRI:
Only two studies had sufficient information from which sensitivity and specificity

could be calculated (Table 1.11). The overall accuracy of MRI is 0.92% t0 0.93.7°

If a meta-analysis is done combining these two studies, a sensitivity of 0.95 and
specificity of 0.88 is calculated, for an overall accuracy of 0.92. The positive

predictive value of MRI is calculated as 0.93 and negative predictive value as 0.88.
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‘Table 1.11. Sensitivity and Specificity of US and MRI

Author/ Subjects Gold Sensitivity Specificity Overall Comment
Date (tendons) standard - accuracy -
us '
Maffulli et 55 symptomatic Clinical 0.85 1.0 0.91 _Radiologist not blinded to
al. 1987%° tendons clinical findings: May have
39 contralateral influenced interpretation of
asymptomatic asymptomatic cases.
tendons
" Mathieson 20 symptomatic Clinical, 0.6 1.0 0.73 Radiologist blinded.
etal tendons and 4-6 Contro! group adequate &
1988% 10 healthy month FU. sufficient data reported.
controls
Kalebo et 78 tendons 9 surgery 1.0 0.56 0.91 US presumed gold standard
al. 1990% (62 symptomatic; 69 US and false positives
16 asymptomatic.) misinterpreted.
Not stated whether
radiologists blinded or not
Kainberger 73 symptomatic 17 surgery 0.72 0.83 0.75 Radiologists blinded.
et al. 1990 patients 80 US Control group adequate &
> 24 asymptomatic presumed sufficient data reported.
controls correct
Kalebo et 30 patients (37 37 surgery 0.94 1.0 0.95 Not stated whether
al. 1992% tendons) radiologists blinded or not.
: 30 asymptomatic Control group adequate &
controls sufficient data reported.
Astrom et 35 symptomatic 26 surgery 0.69 0.92 0.75 Radiologists blinded.
al. 1996% tendons 26 clinical Control group adequate &
13 asymptomatic sufficient data reported.
tendons
Nehrer et 36 patients, 48 Clinical 0.58 0.72 0.65 Not stated whether blinded
al* /1997 symptomatic or not.
tendons, 24 Control group adequate &
asymptomatic sufficient data reported.
contralateral
MRI
Astrom et 36 symptomatic 27 surgery 0.94 0.86 0.92 Radiologists blinded.
al. 1996% tendons 27 clinical Control group adequate &
14 asymptomatic sufficient data reported.
tendons
Movin et 20 patients Surgical 0.95 09 0.93 Radiologists blinded.
al. 19987 : Control group adequate &

sufficient data reported.




Table 1.12: Meta-analysis of US and MRI results.from adequate studies.

Author / Date Imaging Symptomatic  Asymptomatic _ Total
UsS
Kainberger et al. 1990 ** US positive 53 4 ’ 57
| US negative 20 20 40
| TOTAL 73 24 97
| Mathieson ef al. 1988% US positive 12 0 12
US negative 8 10 18
TOTAL 20 10 30
Astrom et al. 1996% US positive 24 1 25
US negative 11 : 12 23
TOTAL 35 13 48
Nehrer ef al*® /1997 - US positive 28 ‘ 5 33
US negative 20 19 39
TOTAL 48 24 72
MRI
Astrom et al. 1996% ~ MRpositive 34 . 2 36-
' MR negative 2 12 14
TOTAL 36 14 50
Movin ez al. 19987 MR positive 19 2 20
MR negative 1 18 20
TOTAL - 20 20 ' 40
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1.6. SUMMARY AND RATIONALE FOR STUDY

Despite being a common problem, Achilles tendon disorders are difficult to manage
and many patients have prolonged symptoms and a high morbidity."* ”® Conservative
management is applied anecdotally and may fail in chronic cases. Surgical techniques
have not beenAtested through stringent randomised controlled trials.'* Further
randomised controlled trials are needed to assess efficacy of treatment options in
Achilles tendinopathy. The current lack of an acceptablg, objective gold standard
makes pre-treatment and post-treatment measurements arbitrary. In addition
subjective outcome measurement tools are also inadequate. There is therefore a need
for a quantitative index that assesses severity of Achilles tendinopathy that may be

used as an outcome measurement tool in research.

Secondly, while it is clear that US or MRI are the imaging modalities of choice in
Achilles tendon disorders, controversy remains over which is of more value, and
whether imaging correlates to clinical severity or whether imaging offers prognostic
information. There are no prospective, controlled studies of imaging in Achilles

. . . . . . 2
disorders and the cross sectional studies offer circumstantial evidence only.’

There is therefore clearly a need for further research in this area, utilising a

69 79

prospective study design’” and testing patients of varying séverity including non

operative cases.”
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CHAPTER TWO

THE VALIDITY AND RELIABILITY OF A CLINICAL AND RESEARCH
MEASURE OF SEVERITY OF ACHILLES TENDON DISORDERS - THE

VISA-A QUESTIONNAIRE

2.1 INTRODUCTION

The literature review identified inadequate outcome measurement tools for asséssing
Achilles tendinopathy. Particularly with reference to grading subjective and clinical
information (Section 1.4). A need for a simple questionnaire specific to Achilles
tendinopathy was identified. The Victorian Institute of Sport (VIS) Tendon Study
group (Appendix A) undertook to develop a questionnaire specific to Achilles

tendinopathy, the VISA-A Questionnaire (Table 2.1).

The VISA-A questionnaire.consists of eight questions, covering the three domains of
pain (question 1- 3), function (question 4-6) and activity (question 7 & 8.) Questions
one to seven were scored out of 10 each and question 8 is scored out of 30. Scores are.
summed to give a total out of 100. An asymptomatic person would score 100,

someone who is symptomatic less than that.

26



Table 2.1. VISA-A Achilles tendon questionnaire.

IN THIS QUESTIONNAIRE, THE TERM PAIN REFERS SPECIFICALLY TO PAIN IN THE ACHILLES TENDON
REGION

1. For how many minutes do you have stiffness in the Achilles region on first getting up? .
100 : POINTS

mins| 0 mins
0 1 2 3 4 5 6 7 8 9 10

2. Once you are warmed up for the day, do you have pain when stretchmg the Achilles tendon fully
over the edge of a step? (keeping knee straight)

POINTS
strong -3

severe : no pain
pain

0 1 2 3 4 5 6 7 8 9 10
3. After walking on flat ground for 30 minutes, do you have pain within the next 2 hours?
(If unable to walk on flat ground for 30 minutes because of pain, score 0 for this question).

strong . POINTS
severe no pain 0
pain
0 1 2 3 4 5 6 7 8 9 10
4, Do you have pain walking downstairs with a normal gait cycle?
POINTS
strong - O
severe ~ | no pamn
pain

0 1 2 3 4 5 6 7 8 9 10

5. Do you have pain dufing or immediately after doing 10 (single leg) heel raises from a flat surface?

POINTS
strong o
severe no pain
pain
0 1 2 3 4 5 6 7 8 9 10
6. How many single leg hops can you do without pain?
POINTS
strong severe no )
pain/unable pam
0 1 2 3 4 5 6 7 8 9 10
7. Are you currently undertaking sport or other physical activity? .
0 O Notatall : POINTS
4 O Modified training + modified competition . 0

7 O  Full training + competition but not at same level as when symptoms began
10 O Competing at the same or higher level as when symptoms began

27




8. Please complete EITHER A, B or C in this question.

If you have no pain while undertaking sport please complete Q8a only.

If you have pain while undertaking sport but it does not stop you from completing the
activity, please complete Q8b only.

If you have pain which stops you from completing sporting activities, please complete Q8¢
only.

If you have no pain while undertaking sport, for how long can you train/practise?

POINTS
NIL 1-10 mins 11-20 mins  21-30mins  >30 mins m
0 O ) O O
0 7 14 21 30

OR
If you have some pain while undertaking sport, but it does not stop you from completing your
training/practice for how long can you train/practise?

POINTS -

NIL 1-10 mins 11-20 mins  21-30mins  >30 mins ' O
O ) ) ) )
0 4 10 14 20

OR :
If you have pain that stoeps you from completing your training/practice, for how long can you
train/practise?

NIL 1-10 mins 11-20 mins ~ 21-30mins  >30 mins POINTS
O O g O ) O
0 2 5 7 10

TOTAL SCORE (/100) 0%
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2.2 MATERIALS AND METHODS
2.2.1. Population Identification

The questionnaire was not intended to be a diagnostic tool, rather an index of severity
once the diagnosis of Achilles tendinopathy is made. This allows an individuals

" progress to be monitored. Achilles tendinopathy may be identified clinically as a
combination of Achilles tendon pain, tenderness (diffuse or localised) and impaired
performance.”” For the purposes of this study we used patients with a spectrum of

clinical problems.

2.2.1.1. Ethics Aproval

Ethics approval was obtained from the University of British Columbia Ethics
Committee, and from the Vancouver Hospital and Health Sciences Research

Advisory Committee. Informed written consent was obtained for all participants prior -

to their participation in this study. All results were kept confidential.

2.2.1.2 Subject Recruitment.

Sports medicine physicians, physiotherapists, podiatrists, massage therapist.s and
fitness consultants in the Greater Vanéouver Region referred the patients. The
inclusion criteria into the study were adult patients older than 18 who were able to
give informed consent. Patients were included if they had a diagnosis of Achilles
tendinosis, paratendinitis or partial rupture with or without a retrocalcaneal or

Achilles bursitis. Patients were excluded if they were pregnant or nursing. People
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with full ruptures of the Achilles tendon were also excluded. Patients who were

unable to attend a clinical interview for whatever reason were excluded.

Of the sixty-two patients who inquired about the study, seventeen were excluded.
This was because of work commitments (7), location (2), holiday travel (3). Three
people had an incorrect diagnosis (plantar fasciitis (2) and ankle sprain (1)) and two

people developed unrelated conditions-and preferred not to continue the study.

Forty five consecutive patients (27 men, 18 women; mean age 42 years, range 20-66
years) referred because of symptomatic Achilles tendinopathy (mean duration 21
months, range 0.5 - 120 months) were admitted to the study. Twelve patients had
bilateral symptoms and thirty-three patients had unilateral symptoms for a total of 57
symptomatic and 33 asyinptomatic tendons. Five of the latter had previous symptoms,
while twenty eight were never symptomatic. None of the patients were sedentary,
eighteen patients (40%) exercised 1 -3 hours per week, fourteen patients (31%)
exercised between 4 - 6 hours per week and thirteen patients (29%) exercised more
than 7 hours per week. This was a significantly lower training volume than prior to

becoming symptomatic (Table 2.2).

Table 2.2. Activity of patients before and after onset of symptoms.

Hours of activity per week ~ Number of subjects exercising at Number of subjects exercising at
each level prior to symptoms.* this level after onset of symptoms.

0 0 0

>0-3 8 18

>3-7 19 : 14

>7 18 13

* x?=22; p<0.01
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Ten patients had stopped their running sports because of their Achilles tendinopathy.
The usual complaint was pain with activity and morning stiffness. Tenderness was
found at the mid tendon in 41 tendons, at the insertion in 12 tendons and diffnsely
throughout the tendon in 2 patients (4 tendons). The same 4 were thought to have a .
bursitis as well and an additional 3 other patients were thought to have a bursitis in
addition to the tendinopathy. Four tendons, (3 patients) had prior surgery for a
Haglund deformity but remained symptomatic, and one patient had received cortisone

injections into both tendons and also remained symptomatic.

2.2.1.3. Clinical examination

The clinical diagnosis was made 'by the referring clinician and confirmed by-a sports
medicine fellowship trained physician. Patients were examined first standing barefoot
and alignment or swelling about the Achilles tendon area was noted (Figure 2.1).
Functional tests were done by asking the patients to: 1) walk; 2) do single leg heel
raises for each side and 3) hop 10 times on each leg. Patients were then examined
seated and ankle range of motion and power testing of the ankle muscles was
assessed with patients' knees flexed at 90 degrees. Patients were then examined lying
prone. Both Achilles tendons were examined for swelling and palpated for nodules,
thickening and tenderness. The insertional area and Achilles and retrocalcaneal
bursae were palpated for tenderness or thickening. The calf muscle was palpated for

tenderness, gaps or nodules.

Measurement of transverse diameter of the Achilles tendon was done using a “Value
Power” plastic calliper. Measurements were made in millimetres. The tendon was

measured first at 1 cm above the calcaneal superior border, which was identified by
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Figure 2.1. Clinical examination of patient showing thickening of left Achilles tendon.
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palpating the edge of the calcaneus. Next the tendon was measured at its most visible
thickest width and the distance of this thickest width from the calcaneal superior

border was measured in centimetres.

2.2.2. Item Generation

The VIS Tendon study group first developed a successful index of severity score for
PateHar tendinopathy.”® Following this a questionnaire was developed for use in
Achilles tendinopathy. A literature review was done to find items that would be
appropriate for inclusion. In addition colleagues were consulted to ﬁnd unpublished

items used in clinical practice. The second step involved interviewing colleagues with

expertise in the area of Achilles tendinopathy. Finally patients were informally

interviewed regarding symptoms they felt important.

2.2.3. Item Reduction

A focus group consisting of the principal questionnaire developer, a primary care
sports medicine physician and two physiotherapists reviewed the items generated.
Three domains of pain,*** functional status*' and activity*® with equivalent of three

questions each were felt appropriate (Table 2.1).

2.2.4. Item Scaling

A visual analog scale (VAS) has been found to be more accurate and sensitive than

categorical verbal scales.” ****'% The first 6 questions utilise a VAS to allow a
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continuous method of expression by which the patient may describe the magnitude of

-a subjective experience of symptoms.

The final two questions asked about activity. Harrison et al.®> suggested that activity
might best be assessed on a categorical rating system based on incremental range of

values. The final two questions therefore used a categorical rating scale rather than a

VAS.
2.2.5. Pretesting

Prior to being shown the VISA-A questionnaire, a group of fifteen “experts” in the
field of tendon injuries were asked to identify questions they felt were important in
assessing the severity of Achilles tendon disorders. The group was comprised of 8
physiotherapists, 4 primary care physicians, one orthopaedic surgeon and one
rehabilitation specialist from the Allan McGavin Sports Medicine Centre in

Vancouver. Their questions are listed in Table 2.3.

The same 15 participants were then shown the VISA- A score and asked to evaluate
the questionnairef Théy were specifically asked if there were any questions they
would add, and if there were any questtons they would remové or change.

9

Fourteen of the participants had no questions to add, none wanted any removed and

none wanted any changed.




Table 2.3. Questions identified by "Experts" as important in assessing Severity of

Achilles tendinopathy.
Question Number of Times asked Comment
Diagnostic: 30 Not pertinent for severity;

€.g. Rule out back pain, hip pain,
location of pain, previous
treatments.

Ambigous:

e.g. Are there any aggravating or
relieving factors, Are you limited in
activities.

Timing of pain:
Morning pain
Stiffness & Pain with stretching
Pain after activity
Pain during activity

Activities of daily Living
Pain at rest
Pain walking
Pain up and down stairs

Sports Activities
jogging
heel raises
jumping

Quantified sports disability
How long can you play?
How far can you run?

Have you missed practices?

Covered in diagnostic interview.

11 Unable to quantify answers to
open ended questions.
Useful in initial diagnostic
interview.

»

Question one
Question one and two
Question three
Question three

ANOON

©

Question one
Question three
Question four

O oON

)]

Question seven and eight
Question seven and eight
Question five
Question six

O WwWON

Question seven and eight
Question eight
Question eight
Question eight

- = W,

2.2.6. Weighting

This questionnaire essentially tests the three significant domains by three questions

each (question 8 is effectively 2 questions relating to pain with activity and duration

of activity). By removing redundancies and eliminating items of less importance

weighting of the remaining items may be the same (each question is scored out of 10)

without affecting the value of the questionnaire.”

8
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2.2.7. Validity

From the literature review it has been shown that the gold standard histopathology is
unacceptable to a patient with mild symptoms (Section 1.1). Similarly there are no
laboratory or biochemical markers® of disease severity (Section 1.2) and the value of

radiology (Section 1.5) remains controversial. Therefore this study utilised a clinical

gold standard.” **°

This study therefore had to rély on construct validity. Firstly .the VISA -A was
administered to 45 patients with Achilles tendinopathy. Concurrently the patients
were also graded according to two other grading systems that of Percy and
Conochie* (Table 2.4) and that of Curwin and Stanish**(Table 2.5). The scores from
the three grading systems were correlated using the Pearson's product moment

coefficient and Spearman's Rank correlation coefficient.

Secondly, a class of 66 healthy University students, who were not involved in this
. study in ahy other way were asked to complete the VISA-A questionnaire. Thirty
women and thirty-one men (aged 20 - 32 years, mean 23 years + 2.86) answered the

questions.
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Table 2.4. Percy and Conochie’s grading scheme for results of surgery of Achilles
tendinopathy and a modification for non surgical patients. '

Percy and Conochie’s grading scheme™

Modification for non surgical
patients (Nehrer et aly’ 6

Excellent A patient who had full function with

no residual disability whatsoever.

‘A'patient with slightly questionable
weakness, an adherent scar, and minor
sensory deficit, but no real limitation
of activities and full return to function
‘as in the prerupture period.

Gobd

A definate weakness and some
limitation of activities and a slight
limp.

Fair

Poor A patient in which there was a re-
rupture or complete failure with severe

weakness and a marked limp.

Amelioration of symptoms, and
return to full sporting activity

Amelioration of symptoms, minor
limitations in sporting activity

Limited sporting activities.

Abandonment of their sport.

Table 2.5. Tendinopathy grading system of Curwin and Stanish.

Grading system of Curwin and Stanish **

Grade Description of Pain Disability

1 No pain No effect on activity

2 Pain only with extreme exertion; pain ~ No effect on activity
resolves when activity ceases. ‘

3 Pain with extreme exertion and 1-2 Little effect on activity, may limit
hours afterwards. more intense physical activities.

4 Pain during and after vigorous Performance level decreased; Unable

" activity. to perform some necessay tasks.

5 Pain during activity forcing Causes immediate withdrawal from
termination. activity.

6 Pain with daily activities. Unable to participate in any sports;

daily activities may also be restricted.
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2.2.8. Reliability

Reliability is a concept that repeated administration of a questionnaire will produce

the same results.”®

The same cohort of 45 subjects with Achilles tendon disorders was used to assess the
reliability of the VISA-A questionnaire. The VISA-A questionnaire was administered
three times to each patient. In order to examine the test-retest reliability of the
'questionnaire two questionnaires were administered an hour apart, either on the ﬁrst |
or second patient visit (this was randomly assigned). A ghird questionnaire was
administered one week after the first to assess short term reliability. For 16 of the
subjects on one occasion the VISA-A questionnaire was administered by either a

different sports medicine physician or a medical student.
2.3. RESULTS
2.3.1 Validity

The construct validation is shown in Figures 2.2 and 2.3. While the VISA-A score
was significantly correlated to the both grades of severity (p<0.001) there was a wide
variability in the scores. As shown in Figure 2.4 the VISA-A scores approximate a
normal curve (albeit skewed to the right, reflecting the inclusion of mild non surgical

cases).
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In the second part of construct validity testing, patients Who are.known to have the
coﬁdition were compared with those known not to have the 'cond_itioAn. Forty-five of
the 66 healthy University students had a VISA-A score of 100 (68%). Of the twenty-
one with VISA-A scores less than 100 - nine students héd, scores between 90 and 99
(three of whom had a history of injury to the lower limbs), vt‘en had scores between 80
and 89 (two who had lower body injuries and two with achilles tendon pain), and two
scored less than 80 (one with Achilles tendon pain, and the other with calf pain). No
students who scored 100 on the questionnaire had a history of Achilles tendon pain
either in the past or currently. Achilles tendon pain was a significant pfedictor of
VISA-A scére (p=0.004) whereas other injuries was not (p=0.114). Age did not

~ correlate with VISA score (p>0.05). Neither sex (p=0.371) nor sporting ac;tivity

(p=0.21) were predictors of VISA-A score.

When comparing the VISA-A scores of the 63 students without any history of
. Achilles pain (Mean Score 96 + 7.4), to the VISA-A score of the 45 subjects in the

study group (Mean Score 63.8 + 16.8) there was a significant difference between the

scores (p<0.001; independent tWo tailed t-test) (Figure 2.5).




Figure 2.2. Scatter Plot of VISA-A score compared to modified Percy and Conochie’s

grade of severity.
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Figure 2.3. Scatter Plot of VISA-A score compared to Curwin and Stanish’s grade of

severity.
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Figure 2.4. Frequency histogram of VISA-A scores among non surgical patients

(normal curve superimposed).
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Figure 2.5. Box Plot showing VISA-A scores among asymptomatic students and

symptomatic subjects.
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2.3.2. Reliability

The results are summarised in Table 2.6. There was no difference in scores whether
the test-retest questionnaires were done at the first visit or at the second visit

 (p=0.576).

Table 2.6. Summary of Reliability of VISA-A score

Reliability Description Pearson’s
Correlation
Co-efficient
“Test-retest This measures whether an instrument is capable of 0.93
reliability measuring a variable with consistency. Here one sample

of individuals is subjected to the identical test on two
separate occasions under the same circumstances as the

first test.
Intrarater This refers to the stability of data recorded by one 0.90
reliability individual across two or more trials.
Interrater This concerns th;i variation between two or more raters 0.90
reliability who measure the same group of subjects.
Short term Tests whether the measurement remains the same over a 0.81
reliability short period of time.
2.4 DISCUSSION

This study shows that the VISA-A questionnaire is an effective and sensitive
measurement tool of severity of Achilles tendinopathy, écross a wide spectrum of
patients. The VISA-A questionnaire, being specific to the Achilles tendon, is
preferable when compared to other ﬁon—speciﬁc scoring systems such as that

41 44

developed for hind foot problems by the American Orthopedic Society, that
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devised by Thermann et al.*® and that devised by Boyden et al.*’ (Table 1.1). The
VISA-A questionnaire is also more sensitive than that of Percy and Conochie and that
of Curwin and Stanish, since the latter two use a categorical rating scale,*” *> which
has been shown to be insensitive to subtle changes in clinical condition.?” ® While
there is a wide variability in the scores as measured on the cetegorical rating scales,

this may be due to a lack of sensitivity in the categorical grading schemes.’ 40 92102

No training is required to administer the VISA-A questionnaire. The scores were the
same whether administered by an un(trained student or'by a sports medicine trained
physician. The advantage therefore of the VISA-A questionnaire is in a simple
assessment of subjective data. Until an objective marker of disease severity is
discovered, subj ect.ive data remains the most important outcome variable. The value
of a valid and reliable subjective outcome measurement tool is in repeated measures
before and after an intervention. The use of a numerical questiennaire allows
statistical comparisons, useful in the research setting both for conservative and

surgical therapies. Studies may be done in various centres and results compared.

The VISA-A questionnaire is not a diagnostic tool, other diagnoses may bias the final
VISA-A score. For example a patient with an acute ankle sprain may be unable to

perform some of the functional tests.

Nevertheless the VISA-A score offers clinicians an indicator of severity of their
patients’ condition, which allows them a simple tool to monitor progress and response

to therapy.
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2.5 CONCLUSION

The VISA-A iﬂdex of severity for Achilles tendon disorders is a valid and reliable
measurement .tool. It would be useful both in the clinical setting and in research
settings as it has been shown to be accurate across a wide spectrum of patients. It is
also reliable to administer by practitioﬁers who are not specialist trained. The VISA-
A index offers a suitable outcome measurement tool for treatment studies, for

tendinopathy research and for monitoring individual patients with Achilles tendon

disorders.




CHAPTER THREE

ARE OPTIMISED ULTRASOUND AND MAGNETIC RESONANCE

IMAGING OF VALUE IN ACHILLES TENDON DISORDERS?
3.1 INTRODUCTION

The evidence presented in the literature survey (Section 1.5) is inconclusive as to the
benefit of imaging in Achilles tendon disorders. There is a need for a prospective

~ controlled study into the predictive value of US and MRI."

In the present study, a group of patients suffering from Achilles tendon disorders
varying in severity from mild to severe, and acute to chronic were assessed clinically
and by state of the art US and MRI The pﬁrpose was to compare the two modalities
‘with regard to their use in mild cases; to assess whether the clinical severity of the
condition correlated with the severity of the imaging findings and to discover whether. :

either method was predictive of outcome.
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3.2 PATIENTS AND METHODS
3.2.1. Clinical

3.2.1.1. Patienis.

The forty-five consecutive patients recruited for the assessment of the VISA-A
questionnaire (Section 2.2.1) also provided informed written consentvto participate in
the imaging part of the study. Ethics approval was similarly obtained.

The demographiés of the forty five subjects was: Age range: 20 and 66 years (mean
42.35 £ S.D.11.35); Onset of syrﬁptoms: Range 0.5 and 120 months (Mean 21.5 £
S.D. 29.34). Bilateral symptoms were present in 12 patients (24 tendons), giving a
total of 57 ‘symptomaﬁc tendons and 33 asymptomatic tendons. The symptoms were
ﬁsually pain with activity and‘ morning stiffness, and signs were mid tendon
tenderness (41 tendons), insertional tenderness (12 tendons) or diffuse tenderness (4

tendons.)

3.2.1.2. Clinical Severity
The severity of the clinical condition was ranked according to the VISA-A

questionnaire'discussed in Chapter two.

3.2.1.3. Follow Up
Patients were contacted by telephone 3 months after the initial examination and
imaging studies. They were questioned on symptoms, treatment they may have

undergone, and the clinical severity of their condition was assessed using the VISA-A
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index and the grading system of Percy and Conochie.** Patients with ongoing

complaints or questions were invited to attend a clinical examination.

3.2.2. Imaging

3.2.2.1. Ultrasound

Real time US was performed by one of two ultrasound technicians using a high-

resolution 12-5L array scanner. (Advanced Technology laboratories 5000, Bothell,

-WA). Their findings were confirmed by one of two radiologists who were blinded to




Figure 3.1. US was performed with the patient prone.
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the clinical findings or other imaging findings. US was done the day of or within one
week of the clinical examination. Patients were positioned prone with their feet
hanging over the end of the scanning table in a relaxed posture (Figure 3.1). An
acoustic stand-off pad or a synthetic gel spacer was not necessary. Sonogréms were
obtained in the sagittal plane of the entire length of both tendons, as well as
transverse sections. Particular care was taken to ensure the scan plane was parallel to
the tendon fibres to avoid acoustic fibre anisotropy.” % ¥ 9 Thickness was measured
by the anteroposterior (AP) diameter in a transverse scan at a neutral position of the
talocrural joint.>* *®®#7 A thickened tendon was defined as one that was greater than
6 mm.* A sonographic abnormality was defined as either one or more hypoechoic
and / or hyperechoic areas evident in both the longitudinal and the transverse scans,

or a fusiform swelling of the tendon with or without hypoechoic areas.
Both colour and power Doppler interrogation was utilised in all patients.

3.2.2.2. Grading of US severity

Measurements of any hypoechoic afeas were made using electronic callipers in both
the axial (transverse) and sagittal (longitudinal) planes.83 Length was measured on the
sagittal image, whereas width (mediolateral dimension) and height (anteroposterior
dimension) were measured on the axial image. The approximate volume of each
hypoechoic lesion was calculated using the product of length, width and height.m The
tendons were also graded according to a grading scheme developed by Archambault
et al.®® Grade 1 was assigned if the tendon appeared normal; Grade 2 was assigned if

the tendon showed evidence of thickening, with a homogeneous echotexture; Grade 3
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was assigned if there were any hypoechoic areas, or calcifications, within the tendon

with or without thickening.®

3.2.2.3 Magnetic Resonance Izﬁaging

MRI was performed on the first 25 consecutive patients who enrolled in the study |
using a 1.5 Tesla echo speed scanner (General Electric Milwaukee, WI). MRI was
done within two weeks of the US and clinical examination. With ;[he patient supine
multiple sagittal and axial sequences were obtained using a quadrature head cpil
(Figure 3.2). The following sequences wer’e used: For T1-weighted sagittall sp1n echo
imaging and axial spin echo Tl‘imaging, repetition time was 500 msec, echo time
was 14 msec, section thickness was 3mm with no interslice gap, ﬁeld of view was 12
cm, matrix was 256 X 256, signals acquire(i were 2 and imaging time was 4 minutes
24 seconds. For sagittal fast short tau inversion recovery (FSTIR): effective eého time
was 32 msec, repetition time was 4,000 msec, inversion time was 150 msec, field of
view was 16 cm X 16 cm, section thickness was 3mm with no gap, matrix was 256 X
- 192, number of excitations was 3 and imaging time was 5 rﬁinutes 36 seconds. Fdr
two-dimensional T2 -weighted sagittal gradient-reéalled echo (GRE) imaging:
repetition time was 800 msec, echo fime was 30 msec, flip angle was 70°, field of
view was 12 cm, section thickness was 3mm with no gap, matrix was 256 X 256,

signals acquired were 1.5 and imaging time was 5 minutes 10 seconds. MRI was read

by two radiologists and concurrence was obtained for all 50 tendons.




Figure 3.2. Bilateral tendon MRI was performed using a quadrature head coil.
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3.2.2.4. Grading of MR severity

The size of any intratendinous pathology was measured and the approximate volume
of the lesion calculated as a product of the length (craniocaudal dimension on
longitudinal plane), width (mediolateral dimension on axial plane) and height
(anteroposterior dimension on axial plane).”® For comparison purposes the MRI was
also graded in a similar manner to the US grading. as - 1: normal, 2: thickened or 3:

intratendinous signal intensity change.
3.2.3. Data Analysis

Statistical analysis was performed using the Statistical Package for the Social
Sciences software (SPSS) for windows (version 7.0). Patient characteristics were
analysed usingv'descriptive data. Gradeé of severity clinically, by US ‘an'd MRI were -
compared using Pearson’s correlation co-efficient and Spearman’s rani( correlation .
for non parametric data. Relationship between clinical ﬁndings and imaging findings

was analysed using a Chi-squared analysis with 2 X 2 contingency tables. Follow up

data was analysed using a Chi-squared analysis with 3 X 3 contingency tables.




3.3 RESULTS

3.3.1 Imaging

3.3.1.1. Ultrasound

Ultrasound (Figure 3.3) correctly identified 37 of the 57 (65%) symptomatic tendons
as being abnormal and 22 of the 33 (67%) asymptomatic tendons as being normal

(Table 3.1).

Table 3.1. US results.

US resuits Clinical findings
n=90 tendons Symptomatic "~ Asymptomatic Total
US Positive 37 11 48
US Negative - 20 22 42
TOTAL 57 33 90

The absolute clinical diagnosis (e.g. tendinosis, partial rupture, peritendinitis) did not
correlate well to the imaging diagnosis (Table 3.2).

Table 3.2. Chart listing clinical diagnosis and US correlation.

CLINICAL DIAGNOSIS® us
SYMPTOMATIC No. of tendons. Agreen Disagree n
Tendinosis+ partial rupture 45 . 32 ) 13
Insertional tendinopathy 16 2 14
Bursitis 5 3 : 2
Peritendinitis 0 - -
TOTAL 66 37 29
ASYMPTOMATIC _ ' '

Never 26 19 7

Prior 7 3 4
TOTAL 33 22 (67%) 11 (33%)

" More than one diagnosis is possible. ‘
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Figure 3.3. Hypoechoic lesion as seen on US (sagittal view).

Appearance of a thickened tendon on sagittal view.

Appearance of a hypoechoic lesion on sagittal view. (White Arrow)
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Thus US had a sensitivity of 0.65 and specificity of 0.67 and an overall accuracy of
0.66. The positive predictive value was 0.77 and negative predictive value 0.52. The
addition of colour and power doppler interrogation did not enhance the accuracy of _
US (Table 3.3).

Table 3.3. Relationship between clinical findings and colour and power doppler flow
on US.

Clinical Findings

Colour Doppler (US) Symptomatic Asymptomatic  Total
positive ' 32 7 39
negative 25 26 51
Total 57 33 90
Power Doppler (US)  Symptomatic Asymptomatic  Total
positive 5 1 6
negative 52 32 84

Total ' 57 33 90

Of those 39 tendons with increased colour flow, 21 were thickened or nodular
clinically (x* = 17.9; p<0.01)(Table 3.4). There was also a correlation between
positive colour flow and age (Spearman's rho = 0.56; p<0.01) but not between onset
of symptoms (x* = 0.111; p = 0.74)(Table 3.5), or sports participation (x*> = 1.05; p =
0.59).

Table 3.4. Relationship between positive colour flow on US and clinical thickening of
the tendon. '

Colour
no yes TOTAL
clinical no 44 18 62
thickening yes 7 21 28
TOTAL 51 39 ’ 90
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Table 3.5. Relationship between onset of symptoms and colour doppler flow on US.

Colour

. no yes TOTAL
onset of acute 4 5 > 9
symptoms chronic 12 24 ' 36
16 29 ' 45

TOTAL

3.3.1.2. Ultrasound Severity

Although arbitrarily defined, the calculated volume of hypoechoic lesions correlated

significantly with the index of severity suggested by Archambault et al 5% (Spearman's

tho = 0.87; p<0.01) and both correlated significantly with the VISA-A score

(Spearman's rhd =-0.33; p<0.01 and -0.34; p<0.01 respectively).

3.3.1.3 MRI

MRI (Figure 3.4) correctly identified 19 (56%) of the 34 symptomatic tendons as

being abnormal but 15 symptomatic tendons were falsely identified as being normal

(Table 3.6).

Table 3.6. MRI results

MRI results " Clinical findings
n=50 tendons  Symptomatic n=34  Asymptomatic n=16 Total
MRI Positive 19 1 } 20
MRI Negative 15 15 30
TOTAL 34

16 50




Figure 3.4. Intratendinous high signal intensity seen on T1-weighted MRI.

Appeeofnmﬂstmﬂm hﬂdemo qfhjga
Tlweighted brages signal intensity change (White Ammowr)
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Sixteen tendons were asymptomatic, and MRI was normal in 15 (94%) of them. In
the sixteenth case MRI showed increased signal intensity within the tendon that had
“never” been symptomatic. Thus MRI has a sensitivity of 0.56, a specificity of 0.94, a
positive predictive value of 0.95, a negative predictive value of 0.50 and an overall

accuracy of 0.68.

There was no significant difference in MRI results between those presenting acutely -
or chronically (x* = 0.15; P = 0.69). However the false negative cases were
significantly milder than the true positive cases (paired t-test; p<0.01) (Table 3.7),

and were less likely to be thickened (Table 3.8)(Figure 3.5).

Table 3.7. Relationship between MRI results and clinical severity.

MRI results ~ Clinical findings ' VISA-A Scores*
* t-test; p<0.01  Symptomatic n=34  Asymptomatic n=16 mean = SD
MRI Positive 19 1 60.2 £19.5

MRI Negative 15 15 86.9+16.1

Table 3.8. Relationship between clinically thickened tendons and positive MRI

MRI results Symptomatic n=34
xl= 12.2; P<0.001 Thickened Not Thickened
Positive 14 5

Negative 2 13




Figure 3.5. Combined box plot and scatter plot showing relationship between clinical

severity and thickening of the tendon in patients with positive MRI results.
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3.3.1.4. MRI Severity

Although arbitrary, the volume of intratendinous high signal intensity lesions
correlates significantly with a simple grading scheme suggested by Archambault et
al ®(Spearman's tho = 0.736; p<0.01). This volume also correlated significantly to
the clinical severity (Spearman's rho = -0.424; p<0.01), and the volume of"

hypoechoic lesions on US (Spearman's rho = 0.673; p<0.05).

3.3.1.5. Follow up

In order to show a significant change in a subject's condition, a change of 25 or more
points on the VISA-A score is required. From the test retest reliability data (Section
2.3.3, Table 2.6) the standard error of measurement may be calculated as 2:4 pcﬁnts
(95% CI 58.9 to 68.6). Therefore a significant difference not due to measurement
error can be calculated as 0.25 (25%) (2.4 / (68.6-58.9)). At 3 month follow up 7 of
the 45 patients had improved by more than 25 points on the VISA-A scale, 37
remained the same and 1 had worsened. In assessing whether the severity indexes
(clinical, US and MRI) are predictive of outcome at 3 months, we assessed whether
the improvement at 3 months was related to severity scores at baseline. While the
baseline clinical VISA-A score did correlate with the 3 month VISA-A score
(Pearson's r = 0.615; p<<0.01) neither US nor MRI gfade of severity correlated to
outcome at 3 months (x* = 1.98; p = 0.73 and x> = 2.56; p = 0.63 respectively) (Table

3.9).
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Table 3.9. Relationship between imaging severity at baseline and clinical outcome at
3 month follow up.

Follow up
X =4.98;,p=028 Improved Same worsened Total
uUsS normal 2 9 1 ' ' 12
thickening 2 2 ) 0 3
hypoechoic 3 26 0 30
Total 7 37 1 45
x'=274;p=0.6  normal 1 9 1 11
MRI thickening 1 2 0 3
intensity change 1 10 0 11
Total 3 21 1 25
There was no relationship between outcome and onset of symptoms (x*=28;p=
0.24) nor between outcome and thickening of the tendon (x> = 2.6; p = 0.26). .
3.3.1.6.Correlation between US and MRI
Among the 34 symptomatic tendons both US and MRI were correct in 18 tendons and
falsely negative in 10 tendons (Table 3.10).
Table 3.10 Correlation between US and MRI.
Clinical findings
n=50 tendons Ultrasound Symptomatic n=34 Asymptomatic n=16 Total
Positive 18 o 0
MRI Positive 20
Negative 1 1
Positive 5 3
MRI Negative 30 .
Negative 10 12

TOTAL 34 16 50




On 2 way ANOVA, the VISA-A scores of the patients falsely identified as having

" normal imaging were significantly higher (milder condition) than those with positive

imaging (p<0.05) (Figure 3.6; Table 3.11).

Table 3.11. Correlation between US and MRI and VISA-A score in 34 symptomatic

subjects.
VISA-A Score
US RESULTS n
mean + SD
positive 18 57.6+18
MRI Positive .
negative 1 67.3
positive 5 66.4 = 13.6
MRI Negative -
negative 10 774+ 11.7

" Among the 16 asymptomatic tendons, only one tendon was falsely positive on MRI

but not US and 3 tendons were falsely positive on US but not MRI. The remaining 12

tendons were correctly identified as normal on both imaging modalities.
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Figure 3.6. Correlation between US, MRI and VISA-A Score.
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3.4. DISCUSSION

Because histopathology was unacceptable to the patients, and there are no.
biochemical markers of disease severity, this study utilised a clinical gold standard.
While this is the first study to stress this in Achilles tendon research, others have
utilised a clinical gold standard in patellar tendon research. Lian et al.®® and Shalaby
and Almekinders®® showed convincing evidence that clinical findings are indeed a

preferable standard than imaging in research in the patellar tendon.”’

We were unable to show a difference in accuracy between either imaging modalitiy.

These findings, among a cohort of nonoperative cases, complement those of Astrom
et al.®® who found little difference between US and MRI among a group of more

severe cases. This lack of sensitivity would suggest that US and MRI are inadequate

as an outcome measurement.

The value of US was not enhanced by the addition of colour and power doppler
interrogation. Colour and power doppler sonography have beep used successfully in
depicting high volurﬁe flow as in large vessels, and only recently ha.s been used in
identifying change of perfusion in low velocity areas such as thé musculoskeletal soft

: 104
tissues.®®

Because grey scale and colour sonography is operator dependant, it was
hoped the addition of power doppler assessment would add objective evidence of
pathology.® But like Weinberg et al.** we found all tendons with positive colour flow .
also had positive findings on grey scale. We also found colour doppler to be
significantly more sensitive and more visible than power doppler, in contrast to the

1.104

suggestion of Breidahl ef al.”™ who thought that power doppler may be more suitable.
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Colour doppler unlike power doppler is dependant on angle. Until the histology is
identified, of tendon with positive colour and power doppler sonography, the
mechanism for increases in flow are speculative. Further research is needed in this

regard.

This study used the volume of intratendinous abnormalities seen on US and MRI to
quantify imaging abnormality. Although this has also been used by Movin et al.”” the
reproducibility and validity of this measurement has not been assessed. Khan ez al.'”®
in their series assessing patellar tendon imaging findings suggested that cross

sectional area in the axial plane was a more reproducible measurement. Whether this

is the case in the Achilles tendon remains a subject for further research.

- Despite these limitations imaging grade of severity correlated well to clinical

severity. However, no additional information was obtained that was not evident

clinically.

Imaging was unable to differentiate between cases that would improve and those that

would worsen. Despite normal imaging one patient was worse at follow up. This is in

contrast to the studies of Mathieson et al.,49 Nehrer et al.’® and Archambault et al.%°

1.69

but more in keeping with the findings of Astrom et al.*’ and Marcus et al.%* Clinical

index of severity at presentation was the only predictor of outcome at 3 month follow

up.




3.5. CONCLUSION

Clinicians should gxercise discretion in ordering imaging tests and in interpreting
their findings. Bécause of thé cost, accessibility and convenience of US this should be
the imaging modality of choice. Imaging may be best suited to answer specific
diagnostic questions, such as the location of hypoechoic regions in a diffusely
thickened tendon; the presénce of additional lesions such as xanthoma® and as an
adjunct to an US directed biopsy. Where imaging is ordered one would stress the

need for communication between the clinician and radiologist.”
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CONCLUSION AND RECOMMENDATIONS

This study has introduced a new valid and reliable tool for measuring the severity of
Achilles tendon disorders the ViSA—A questionnaire that will be useful in research
and in clinical practice. The VISA-A questionnaire offers a quantifiable measure of
subjective clinical findings that allow for comparisons over time. In clinical trials of
therapy researchers will find the index useful as an outcome measurement tool.
Clinicians too will find the index useful assess patient response to therapy and

changes in clinical condition over time.

This thesis has also shown that imaging findings do not add to the clinical assessment
of a patient and should be reserved for specific cases. Where imaging is required US
was shown to be as accurate as MRI, and therefore would be the preferred iniaging
method. Color and Power Doppler sonography did not add value to grey scale
sonography and need not be performed. Where imaging may be of use is in the
diagnosis of unusual conditions such as tendon xanthoma; identifying the site of .
hypoechoic lesions presurgically and as an adjunct to an US directed bic;psy; '
Communication between the clinician and radiologist will facilitate appropriate |

interpretation of the imaging findings.

This thesis assessed patients over a short term follow up period. Further prospective
studies to assess the long term prognostic value of the VISA-A score are needed. In
addition there is a need for prospective studies to characterise the natural history of

changes seen in imaging studies within symptomatic and asymptomatic Achilles

tendons.




10.

11.

12.

13.

14.

15.

BIBLIOGRAPHY

. Myerson MS, Biddinger K. Achilles Tendon Disorders. Practical Management

Strategies. The Physician and Sportsmedicine 1995; 23(12):47-54.

Jozsa L, Kannus P. Human tendons. Champaign, IL: Human Kinetics, 1997.
181-190; 460-511

Renstrom P, Johnson RJ. Overuse injuries in sports. A review. Sports Med
1985; 2(5):316-33.

Jarvinen M. Epidemiology of tendon injuries in sports. Clin Sports Med 1992;
11(3):493-504.

. Khan KM, Maffulli N, Coleman BD, Cook JL, Taunton JE. Patellar

tendinopathy: some aspects of basic science and clinical management.
Br J Sports Med 1998; 32:346-55.

Kvist M. Achilles tendon injuries in athletes. Sports Med 1994; 18(3):173-
201.

Galloway MT, Jokl P, Dayton OW. Achilles tendon overuse injuries. Clin
Sports Med 1992; 11(4):771-82.

Brukner P. Sports medicine. Pain in the Achilles region. Aust Fam Physician
1997; 26(4):463-5..

Clement DB, Taunton JE, Smart GW, et al. A survey of overuse running
injuries. Physician and Sportsmedicine 1981; 9:407-58.

Niesen-Vertommen SL, Taunton JE, Clement DB, Mosher RE. The effect of
eccentric versus concentric exercise in the management of Achilles
tendonitis. Clinical Journal of Sports Medicine 1992; 2(2):109-13.

Jones DC. Achilles Tendon Problems in Runners. AAOS Instructional Course
Lectures 1998; 47:419-27.

Myersori M.S, McGarvey W. Disorders of the Achilles tendon insertion and
Achilles tendinitis. Instr Course Lect 1999; 48:211-8.

Kannus P. Tendons - a source of major concern in competitive and
recreational athletes. Scand J Med Sci Sports  1997; 7(2):53-4.

Khan KM, Maffulli N. Tendinopathy: An Achilles' Heel for Athletes and
Clinicians . Clinical Journal of Sports Medicine 1998; 8:151-4.

Almekinders LC. Tendinitis and other chronic tendinopathies. J Am Acad
Orthop Surg 1998; 6:157-64.

70




| .
} 16.
|

17.

18.

19.
20.

21.
22.
23.
- 24.
25.
26.
27.

28.

29.

Welsh RP, Clodman J. Clinical survey of Achilles tendinitis in athletes. Can
Med Assoc J 1980; 122(2):193-5.

Stanish WD, Curwin S, Rubinovich M. Tendinitis: the analysis and treatment
for running. Clin Sports Med 1985; 4(4):593-609.

Almekinders LC, Almekinders SV. Outcome in the treatment of chronic
overuse sports injuries: a retrospective study. J Orthop Sports Phys
Ther 1994; 19(3):157-61.

Nelen G, Martens M, Burssens A. Surgical treatment of chronic Achilles
tendinitis. Am J Sports Med 1989; 17(6):754-9.

Soma CA, Mandelbaum BR. Achilles tendon disorders. Clin Sports Med
1994; 13(4):811-23.

Johnston E, Scranton P Jr, Pfeffer GB. Chronic disorders of the Achilles .
tendon: results of conservative and surgical treatments. Foot Ankle Int:
1997; 18(9):570-4.

Mackway-Jones K. Towards evidence based emergency medicine: Best BETs
from the Manchester Royal Infirmary. J Accid Emerg Med 1999;
16:215-8. '

Weiler JM. Medical modifiers of sports injury. The use of Nonsteroidal anti-
inflammatory drugs (NSAIDs) in sports soft-tissue injury. Clin Sports
Med 1992; 11(3):625-43.

Cochrane Reviewers Handbook 4.0 [Review Manager (RevMan) [Computer
program]]. Clarke M, Oxman AD, Version 4.0. Oxford, England: The
Cochrane Collaboration; 1999.

Harrison E, Magee D, Quinney H. Development of a Clinical Tool and Patient
Questionnaire for Evaluation of Patellofemoral Pain Syndrome
Patients. Clinical Journal of Sport Medicine 1996; 6:163-70.

Leppilahti J, Forsman K, Puranen J, Orava S. Outcome and prognostic factors
of achilles rupture repair using a new scoring method. Clin Orthop
1998; (346):152-61.

Harms-Ringhdahl K, Carlsson AM, Ekhom J, ez al. Pain assessment with
different intensity scales in response to loading of joint structures. Pain
1986; 27:401-11.

Kirkley A, Griffin S, McLintock H, Ng L. The development and evaluation of
a disease-specific quality of life measurement tool for shoulder
instability. The Western Ontario Shoulder Instability Index (WOSI).
Am J Sports Med 1998; 26(6):764-72.

Kitaoka HB, Patzer GL. Analysis of clinical grading scales for the foot and
ankle. Foot Ankle Int 1997; 18(7):443-6.

71




30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

- 40.

41.

42.

43.

44.

Sella EJ, Caminear DS, McLamey EA. Haglund's syndrome. J Foot Ankle
Surg 1998; 37(2):110-3 discussion 173.

Lysholm J, Gillquist J. The evéluation of knee ligament surgery with special
emphasis to the use of a knee scoring scale. Am J Sports Med 1982;
10:150-4. ‘

Kannus P, Jozsa L. Histopathological changes preceding spontaneous rupture
of a tendon. A controlled study of 891 patients. J Bone Joint Surg
[Am] 1991; 73(10):1507-25.

Astrom M, Rausing A. Chronic Achilles tendinopathy. A survey of surgical
and histopathologic findings. Clin Orthop 1995; (316):151-64.

Lian O, Holen K.J, Engebretsen L, Bahr R. Relationship between symptoms
of jumper's knee and the ultrasound characteristics of the patellar
tendon among high level male volleyball players. Scandinavian
Journal of Medicine and Science in Sports 1996; 6:291-6.

Shalaby M, Almekinders LC. Patellar tendinitis: The significance of Magnetic
Resonance Imaging Findngs. Am J Sports Med 1999; 27(3):345-9.

Cook JL, Kiss ZS, Khan KM. Patellar tendinitis: The significance of Magnetic
Resonance findings. [letter; comment]. Am J Sports Med 1999;
27(6):831.

Flandry F., Hunt J.P., Terry G.C, et al. Analysis of subjective knee complaints
using visual analog scales. Am J Sports Med 1991; 19:112-8.

Melzack R. Concepts of pain measurement. Pain Measurement and
Assessment. New York: Raven Press, 1983.

Bellamy N. Pain Assessment in Osteoarthritis: Experience with the WOMAC
Osteoarthritis Index. Semin Arthritis Rheum 1989; 18(4, Suppl 2):1-7.

Huskisson EC. Measurement of pain. Lancet 1974; 2:1127-31.

Thordarson DB, Krieger LE. Operative vs. Nonoperative Treatment of Intra-
Articular Fractures of the Calcaneus: A Prospective Randomized Trial.
Foot Ankle Int 1996; 17(1):2-9.

Percy EC, Conochie LB. The surgical treatment of ruptured tendo aChIHIS
Am J Sports Med 1978; 6(3):132-6.

Curwin S, Stanish W. Tendonitis: Its Etiology and Treatment. Lexington,
MA: Cullamore Press, 1984.

Kitaoka HB, Alexander 1J, Adelaar RS, Nunley JA, Myerson MS, Sanders M.
Clinical Rating Systems for the Ankle-Hindfoot, Midfoot, Hallux, and
lesser toes. Foot Ankle Int 1994; 15(7):349-53.

72




45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Thermann H, Zwipp H, Tscherne H. Functional treatment of acute Achilles
tendon rupture - a prospectively-randomized study. Orthop. Trans
1992-1993; 16:729.

Blei CL, Nirschl RP, Grant EG. Achilles tendon: US diagnosis of pathologic
conditions. Work in progress. Radiology 1986; 159(3):765-7.

Fornage BD. Achilles tendon: US examination. Radiology 1986; 159(3):759-
64. '

Laine HR, Harjula AL, Peltokallio P. Ultrasonography as a differential .
diagnostic aid in achillodynia. J Ultrasound Med 1987; 6(7):351-62.

Mathieson JR, Connell DG, Cooperberg PL, Lloyd-Smith DR. Sonography of
the Achilles tendon and adjacent bursae. AJR Am J Roentgenol 1988;
151(1):127-31. :

Barbolini G, Monetti G, Montorsi A, Grandi M. Results with high definition
sonography in the evaluation of Achilles tendon conditions. Italian
Journal of Sports Traumatology 1988; 10:225-35.

Maffulli N, Dymond NP, Capasso G. Ultrasonographic findings in
subcutaneous rupture of Achilles tendon. J Sports Med Phys Fitness
1989; 29(4):365-8.

Kilebo P, Goksor LA, Swird L, Peterson L. Soft-tissue radiography,
computed tomography, and ultrasonography of partial Achilles tendon
ruptures. Acta Radiol 1990; 31(6):565-70.

Kilebo P, Allenmark C, Peterson L, Swird L. Diagnostic value of
~ ultrasonography in partial ruptures of the Achilles tendon. Am J
Sports Med 1992; 20(4):378-81.

Kainberger FM, Engel A, Barton P, Huebsch P, Neuhold A, Salomonowitz E.
Injury of the Achilles tendon: diagnosis with sonography. AJR Am J
Roentgenol 1990; 155(5):1031-6. '

Lehtinen A, Peltokallio P, Taavitsainen M. Sonography of Achilles tendon
correlated to operative findings. Ann Chir Gynaecol 1994; 83(4):322-
327.

Nehrer S, Breitenseher M, Brodner W et al. Clinical and sonographic
evaluation of the risk of rupture in the Achilles tendon. Arch Orthop
Trauma Surg 1997; 116(1-2):14-8.

Paavola M, Paakkala T, Kannus P, Jarvinen M. Ultrasonography in the ,
differential diagnosis of Achilles tendon injuries and related disorders.

A comparison between pre-operative ultrasonography and surgical
findings. Acta Radiol 1998; 39(6):612-9.

Dillehay GL, Deschler T, Rogers LF, Neiman HL, Hendrix RW. The
73



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

ultrasonographic characterization of tendons. Invest Radiol 1984;
19(4):338-41.

Maffulli N, Regine R, Angelillo M, Capasso G, Filice S. Ultrasound diagnosis
of Achilles tendon pathology in runners. Br J Sports Med 1987;
21(4):158-62.

Archambault JM, Wiley JP, Bray RC, Verhoef M, Wiseman DA, Elliott PD.
Can sonography predict the outcome in patients with achillodynia?. J
Clin Ultrasound 1998; 26(7):335-9.

Gibbon WW, Cooper JR, Radcliffe GS. Sonographic incidence of tendon
microtears in athletes with chronic Achilles tendinosis. Br J Sports
Med 1999; 33(2):129-30.

Marcus DS, Reicher MA, Kellerhouse LE. Achilles tendon injuries: the role
of MR imaging. J Comput Assist Tomogr 1989; 13(3):480-6.

Quinn SF, Murray WT, Clark RA, Cochran CF. Achilles tendon: MR imaging
at 1.5 T. Radiology 1987; 164(3):767-70.

Karjalainen PT, Aronen HJ., Pihlajamiki HK, Soila K, Paavonen T, B&stman
OM. Magnetic resonance imaging during healing of surgically
repaired Achilles tendon ruptures. Am J Sports Med 1997; 25(2):164-
71.

Bottger BA, Schweitzer ME, El Noueam KI, Desai M. MR imaging of the
normal and abnormal retrocalcaneal bursae. AJR Am J Roentgenol
1998; 170(5):1239-41.

Soila K, Karjalainen PT, Aronen HJ, Pihlajamaki HK, Tirman PJ. High
resolution MR imaging of the asymptomatic Achilles tendon: new
observations. AJR Am J Roentgenol 1999; 173(2):323-8.

Weinstabl R, Stiskal M, Neuhold A, Aamlid B, Hertz H. Classifying calcaneal
tendon injury according to MRI findings. J Bone Joint Surg [Br} 1991;
73(4):683-5.

Neuhold A, Stiskal M, Kainberger F, Schwaighofer B. Degenerative Achilles
tendon disease: assessment by magnetic resonance and
ultrasonography. Eur J Radiol 1992; 14(3):213-20.

Astrom M, Gentz CF, Nilsson P, Rausing A, Sjéberg S, Westlin N. Imaging in
chronic achilles tendinopathy: a comparison of ultrasonography,
magnetic resonance imaging and surgical findings in 27 histologically
verified cases. Skeletal Radiol 1996; 25(7):615-20.

Movin T, Kristoffersen-Wiberg M, Shalabi A, Gad A, Aspelin P, Rolf C.
Intrateninous alterations as imaged by ultrasound and contrast
medium-enhanced magnetic resonance in chronic achillodynia. Foot
Ankle Int 1998; 19(5):311-7.

74




71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83:

84.

85.

Karjalainen PT, Ahovuo J, Pihlajaméki HK, Soila K, Aronen HJ.
Postoperative MR imaging and ultrasonography of surgically repaired
Achilles tendon ruptures. Acta Radiol 1996; 37(5):639-46.

Khan K, Kannus P. Use of Imaging data for predicting clinical outcome. Br J
Sports Med 2000; 1:73.

Khan KM, Tress BW, Hare WS, Wark JD. Treat the patient, not the x-ray:
advances in diagnostic imaging do not replace the need for clinical
interpretation. Clin J Sport Med 1998; 8(1):1-4.

Jacobson JA. Muskuloskeletal sonography and MR imaging. A role for both
imaging methods. Radiol Clin North Am 1999; 37(4):713-35.

Panageas E, Greenberg S, Franklin PD, Carter AP, Bloom D. Magnetic
resonance imaging of pathologic conditions of the Achilles tendon.
Orthop Rev 1990; 19(11):975-80.

Mink JH, Deutsch AL, Kerr‘R. Tendon injuries of the lower eXtremity:
magnetic resonance assessment. Top Magn Reson Imaging 1991;
3(4):23-38.

Kabbani YM, Mayer DP. Magnetic resonance imaging of tendon pathology
about the foot and ankle. Part I. Achilles tendon. J Am Podiatr Med
Assoc 1993; 83(7):418-20. '

O'Reilly MA, Massouh H. Pictorial review: the sonographic diagnosis of
pathology in the Achilles tendon. Clin Radiol 1993; 48(3):202-6.

Pope Christopher F. Radiologic Evaluation of Tendon Injurles Clin Sports
Med 1992; 11(3):579- 99

Fornage BD. The hypoechoic normal tendon. A pitfall. J Ultrasound Med
1987; 6(1):19-22.

Fornage B.D., Rifkin M.D. Ultrasound examination of tendons. Radiol Clin
North Am 1988; 26:87-107.

Crass JR, van de Vegte G.L., Harkavy L.A. Tendon echogenicity: ex vivo
study. Radiology 1988; 167:499-501.

Kallinen M, Suominen H. Ultrasonographic measurements of the Achilles
tendon in elderly athletes and sedentary men. Acta Radiol 1994;
35(6):560-3.

Koivunen Niemeld T, Parkkola K. Anatomy of the Achilles tendon (tendo
calcaneus) with respect to tendon thickness measurements. Surg
Radiol Anat 1995; 17(3):263-8.

Bertolotto M, Perrone R, Martinoli C, Rollandi GA, Patetta R, Derchi LE.
High resolution ultrasound anatomy of normal Achilles tendon. BrJ

75




86.

87.

88.

89.
90.

91.

92.
93.
94.

95.

96.

97.

98,

99.

Radiol 1995; 68(813):986-91.

Movin T, Guntner P, Gad A, Rolf C. Ultrasonography-guided percutaneous
core biopsy in Achilles tendon disorder. Scand J Med Sci Sports
1997; 7(4):244-8.

Fessel et al. US of the Ankle: Techniqu‘e, Anatomy and Diagnosis of
Pathologic Conditions. Radiographics 1998; 18:325-40.

Newman JS, Adler RS, Bude RO, Rubin JM. Detection of soft-tissue
hyperemia: value of power Doppler sonography. AJR AmJ
Roentgenol 1994; 163(2):385-9.

Weinberg EP, Adams MJ, Hollenberg GM. Color Doppler Sonogaphy of
Patellar Tendinosis. American Journal of Radiology 1998; 171:743-4.

Beltran J, Noto AM, Herman LJ, Lubbers LM. Tendons: high-field-strength,
surface coil MR imaging. Radiology 1987; 162(3):735-40.

Kerr R, Forrester DM, Kingston S. Magnetic Resonance Imaging of Foot and
Ankle Trauma. Radiographic Imaging in Orthopedics 1990;
21(3):591-601.

Brandser EA, el Khoury GY, Saltzman CL. Tendon injuries: application of
magnetic resonance imaging. Can Assoc Radiol J 1995; 46(1):9-18.

Erickson et al. The "Magic Angle" Effect:Background Physics and Clinical
Relevance. Radiology 1993; 188:23-5.

Movin T, Kristoffersen Wiberg M, Rolf C, Aspelin P. MR imaging in chronic
Achilles tendon disorder. Acta Radiol 1998; 39(2):126-32.

Sell S, Schulz R, Balentsiefen M, Weber H, Kiisswetter W. Lesions of the
Achilles tendon. A sonographic, biomechanical and histological
study. Arch Orthop Trauma Surg 1996; 115(1):28-32.

Leppilahti J, Puranen J, Orava S. Incidence of Achilles tendon rupture. Acta
Orthop Scand 1996; 67(3):277-9.

Maffulli N, Khan Karim M, Puddu Giancarlo. Overuse Tendon Conditions:
Time to change a Confusing Terminology. Arthroscopy: The Journal
of Arthroscopic and Related Surgery. 1998; 14(8):840-3.

Visentini P, Khan KM, Cook J, Harcourt P, Kiss Z, Wark J. Victoria Institute
of Sport Tendon Study Group. The VISA score: an index of the
severity of jumper's knee. Journal of Science and Medicine in Sport
1998; 1:22-8. '

Huskisson EC, Jones J, Scott PJ. Application of Visual Analog Scales to the
measurement of functional capacity. Journal Style 1976; (15):185-7.

76




100.
101.

102.

103.

104.
105.

106.

Scott PJ, Huskisson EC. Measurement of functional capacity with visual
analog scales. Rheumatology Rehabilitation 1977; 16:257-9.

Downie WW, Leathman PA, Rhind VM, Wright V, Branco JA, Anderson JA.
Studies with pain rating scales. Ann Rheum Dis 37:378-81.

Price DD, McGrath PA, Rafii A, et al. The validation of visual ahalog scales
as ratio scale measurements for chronic and experimental pain. Pain
1983; 17(45-56).

Lehtinen A, Bondestam S, Taavitsainen M. Use of angulation in the detection
of tendinitis with US. Eur J Radiol 1994; 18(3):175-9.

Breidahl William H, Newman Joel S, Taljanovic Mihra S, Adler Ronald S.
Power Doppler Sonography in the Assessment of Musculoskeletal
Fluid Collections. American Journal of Radiology 1996; 166:1443-6.

Khan KM, Cook JL, Kiss ZS et al. Patellar tendon ultrasonography and
jumper's knee in female basketball players: a longitudinal study. Clin J
Sport Med 1997; 7(3):199-206.

Cook JL, Khan KM, Harcourt PR, Grant M, Young DA, Bonar SF. A cross
sectional study of 100 athletes with jumper's knee managed

conservatively and surgically. The Victorian Institute of Sport Tendon
Study Group. Br J Sports Med 1997; 31(4):332-6.

77



APPENDIX A

Investigators in the VIS Tendon study group are:

Anderson I; Bartlett J; Bell S; Bonar F; Bracy C; Bradshaw C; Burke F; Cladwell B;
Cook J; Crichton K; Dalziel R; Desmond P; Dowling R; Ebeling P; Evans S;
Fehrmann M; Fuller P; Garnham A; Grant M; Harcourt P; Hare W Henderson I;
Keamey C; Kellaway D; Khan K; Kiss ZS; Larkins P; O’Brien P; O’Sullivan R;
Morris C; Purdam C; Quirk R; Read J; Shnier R; Tress B; Visentini P; Wark J;
Wilson P; Young D.

The following institutions are represented:

Department of Medicine, University of Melbourne, Royal Melbourne Hospital,
Department of Radiology, University of Melbourne, Royal Melbourne Hospital;
Australian Institute of Sport;

Victorian Institute of Sport.'%

78




