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Abstract

Objective . ) |
To descr_{be the natural history of conservatively managed stage 5 osteochondral talar

lesions.

. Background

Osteochondral talar lesmns (OL"I) are a well recogmzed cause of chroruc post traumatic
ankle pain. In 1959 Berndt and Harty (1) descnbed ad stage OLT class1f1cat10n scheme
which has been umversally adopted by the orthopedrc and sports medicine
communities. However, it has recently been recogmzed that the ma]orlty (77 %) of
chroruc OLT exist as a radiolucent defect (subchondral cystrc lesron) that does not fit
into this classlﬁcatron scheme (2. This radrolucent defect has been classiﬁed asa stage -
5 OLT(2) and is felt to represent avascular necr_osis of lower stage lesions as a result of |

failed healing (2,3,4). The natural h:isto:ryv of stage. 5 OLT has hn'o't been described.

Methodology .
Twenty-frve sub]ects (26 ankles) w1th conservatrvely managed stage 5 OLT were.

reassessed at 2 or more ye_ars post dragnosrs (mean 39 months). ‘Five (6 ankles) of the 25
subjects opted for surgical' management after a failed trial of conservative treatment.
Their data was included only up to the point of the end of failed conservative

management. Pain at rest, pain to walk, pain to run, and activity level were assessed at

fo]low-up and retrospectively at the time of diagnosis using a 100 mm retrospective




visual analogue scale (VAS) (end points no pain and the worélt. pain from this injury, or
full activity and most limited activity level from this injury). Mean VAS pain scores at
follow-up and diagnosis were compared via repeated measure Hotellings T squared.
Mean VAS activity le“/el scores at follow-up and diagnosis were compared via repeated
measure t-test. The overall clinical result at follow-up was rated excellent, good, fair or
poor based on a combination of Symptom persistence, sport limitation, and pain

frequency.

CT scan and plain Xray were obtained at follow-up on 19/25 and 20/25 subje:cts
respectively. The CT scans at diagnosis (where available, n=11) and fo]low-up were
compared via repeated measure t-test for changes in lesion size. Plain X-rays were
examined for tﬁe' presence or absence and degree of degenerative changes.
Osteophytes, sclerosis and narrowing were each considéred sufﬁcient to diagnose
degenerative change. The degree of degenerative change was determined according to
a scale based on the size of thé iargest osteophyte, the presence or absence of sclerosis,

and the presence or absence of focal or diffuse narrowing.

Main results S |
VAS results demonstrated a sigm'ﬁcant decrease in pain to run (29 mm = 29% of the

worst pain to run from this injury, p=.005) and a significant decrease in pain to walk

(23.5 mm = 23.5 % of the worst pain to walk from this injury, p=.009). Pain at rest

decreased and activity level increased, however, neither was staﬁstically significant.




The overall clinical result was good or excellent in 50%, fair in 15% and poor in 35%.

Lesions tended to increase in size, however this was not statistically significant. There

was no correlation between changes in lesion size and clinical results.

‘Mild degenerati{/e changes were found in 13/ ZO ankles with OLT. All (10/10) subjects
with asymmetric degenerative changes between their 2 ankles had thé higher grade of
degenerative change on the side with the OLT. This suggested a relationship between
stage 5 OLT and the development of degeneraﬁve changes. However these

degenerative changes were not found to be related to the clinical result.

Lateral lesions tended to do better than medfal lesions and adults tended to do ‘better

than juveniles (<20 yr. age at diagnosis).

Conclusion

At a mean follow-up of 39 months conservaﬁvely managed stage 5 OLT were found to
sigmﬁcaintly improve clinically with respect to pain to run and pain to walk. The
overé]l clinical result was good or excellent in 50 %, fair in 15 % and poor in 35%.

~ Radiographically the lesions tended to increase in size (trend only), however changes in
lesion size were not found to correlate with clinical result. Mild degenerative éﬁanges
were common and appear to be related to the presence of stage 5 OLT. The presence or
absence of theses dégenerative changes does i}ot éppear to be related to the clinical

result.
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Introduction

Osteochondral lesions of the talus (OLT) are a relatively common cause of chronic post
traumatic ankle pain that pose a difficiilt challenge to the physician. A lack of
information regarding the natural history of OLT increases the difficulty of this

challenge.

The typical patient with an OLT presents with chronic activity related pain following an -

inversion injury to the ankle (2,5). Traditionally OLT are classified according to the

Berndt and Harty 4 stage system (1) based on X-ray appearance (table 1 & figure 1).

The current literature that discusses the natural history of OLT is based on plain X-ray
studies (6,7,8,9,10). It has become clear, however, that plain X-ray is inadequate when
assessing OLT (2,3,4). These reviews of the natural history of OLT based on plain X-ray

are now outdated and their validity must be questioned.

~ CT scan and MRI have a]lowéd us to recognize that the majority (77%) of chronic OLT
are radiolucent defects (subchondral cystic lesions) (2). These radiolucent defects do
_ not fit into the Berndt and Hai'ty 4 sfage classification system and have, therefore, been

designated as stage 5 OLT (2) (figure 1).

These stage 5 lesions have been found to arise from lower stage Berndt and Harty
lesions (11,2,3,4). The pathology of stage 5 OLT has been described as fibrous (2),

granulation (12), and fibrous with fluid and bone fragments (13). It is felt that the stage



50LT represents avascular necrosis as a result of failed healing of lower sfage lesions

(2,34).

Current treatment of stage 5 OLT may be either conservative (censisting of observation,
medications, physiotherapy, braces, and supports) or su_rgicél (drilling and curretage of
the defect) (2). | However, a lack of knowledge of the natural history of stage 5 OLT

increases the difficulty of clinical management.

What is the natural history of stagel‘ 50LT? Do eubjects with stage 5 OLT improve
clinically over time? Do the lesioes ﬁeal radiographically? Is there a correlation
between chmcal resolution and radiographic healing? Do lesion location and age of
diagnosis affect the chmcal result? What is the rlsk of developing degeneratlve changes
(osteoarthntls (OA)) and what is the role of degeneratlve changes in symptom

persistence? In this study we reassessed a senes of conservahvely managed stage 5

-OLT at 2 or more years post diagnosis in an attempt to answer these questions.




Natural History of Stage 5 OLT - Review of Literature

" Any review of the natural history of stage 5 OLT must be accompanied by a dlscussron
of OLT in general. It is clear that our knowledge of the natural history of OLT and in

partlcularly stage 5 OLT is limited.

Nomenclature

There have been ntany names used to describe the osteochondral lesions found in the
dome of the talus These mclude osteochondritis d1ssecans, osteochondral fractures of
| the talar dome, transchondral fractures of the talar dome, clup fractures of the talus,
and osteochondral lesions of the talus (2,1-1). 4'l"hese appear to be referring to the same
condition. For thls study the term osteochondral lesions of the talus (OLT) is -adopted
as a purely descriptive name which remains valid regardless of etiology. |

Etiology and Epidemiology L

There have been numerous theories proposed regardmg the etlology of osteochondral
| talar lesmns These include: embohc phenomenon, congemtal factors, vascular "
' abnormalities, and hormonal changes (11,14). vHowever, there appears to be a general
consensus that the majority of osteochondral lesions of the talus are traumatic m origin

(1,6,11,15).

Berndt and Harty prov1ded a good mechamstlc model supportmg a traumatic etlology
with their cadaver experiments in 1959 (1) Through an inversion mechamsm they were

able to create ta_lar dome lesmns that were similar in location and morphology to those



seeﬁ clin‘ica]ly.l These lesions tend to be fdund in 2Acharac.t‘er‘istic loedﬁdns: anterolateral
and posteromedial. The anterolateral lesions tend to be thih and wafer like (11). -
A.ccordingf to Berndt and _Herty‘they occur during ‘in-versiqn injuries with the foot in

| dorsiflexion as the talar dome confacté the medial éei)eCt of the ﬁbu'labcausing a |
‘sheanng type injury (1). The posteromedlal lesions tend to be deep and crater like

'_ “(6 11) Accordmg to Berndt and Harty they occur w1th inversion m]unes when the

~ ankle is plantar flexed and the tibia rotated laterally on the talus. This is thought to
create a compressmn type injury on the posteromedlal aspect of the talus as it impinges

h on the dlstal tibia .

The ma]onty of talar les1ons seen chmca]ly do fit the above descnptlons However, not
, a]l patlents with. osteochondral lesions of the talus are able to prov1de a history of
trauma to the ankle, not all lesions are found in the classical locations, and not all

_lesions have the classical morphology.
Flick and Gould, in their literature review (11), found that 98% of lateral lesions had a

» .histoi'y. of trauma whereas only 70% of medial lesions had a history of trauma. Loomer

et al (2), in a series of 92 patients, reported a history of trauma in 89% ( 71% of these

~ withan inversion mechaniém). Naumetz et al (16) in a series of 31 patients found a
hisfofy of vtr'a'u‘in.a'in 84% . Canale et al (6) found that all lateral lesions had a history of

trauma W_here_as only 9/14 medial'zlesion’s had a history of trauma.

: Loomer et al () descnbed 36% anterolateral 25% posteromedlal 16% anteromedlal 6%

posterolateral 12A: mldmedlal 4% mldlateral and 1 % midanterior. Ly et al(4) describe




finding 10"ot_ 16 tnédial les.ions,in anterior or central positions. They a]so.fou'nd 13 0f 51 °

- lateral lesions in central ot posterior positionsv 4). | |

Ly et al (4) also describe fmdmg 3 lateral lesions Wthh were deep and cup shaped as

opposed to the classical thin wafer like lateral lesions.

The incidence of OLT s not we]l known.. The figufe of 6.75-% of all ankle sprains is
often quoted in the ]iterature (1,11). This is in reference to a study by Boisen et all (17)
in 1955. They followed 133 ankle sprains and radiographically 9 cortical talar fractures

_- were found -ﬁeldin’g a figure of appro?dniately 675% HoWever, as they’ stated m the

“ originalpaper, 4 of 9 fractures appeared to be old - ehmmatmg these'there would be 5

of 133 or approximately 3.76%. Perhaps more- important than this discrepancy is the |

- fact that these numbers were produced in an old study usmg outdated 1mag1ng
.technology Loomer(2) describes that only 50-66% of OLT found on CT scan are seen

) on plain X-ray. Anderson (3) deScr'lbes 7 cases of QLT confirmed on CT scan that were’

absent on X—ray‘T Clearly plain radiographs are inadequate when assessing OLT.

§ Many osteochondral lesions are asymptomatlc (10 11). Since only those with chromc
disability or with changes found fortultously on routine x-ray for an acute ankle sprain

have been studied, the true mc1dence of OLT and the relatlve proportlon of these that

v

- w111 become symptomatlc or develop comphcatlons is unknown -




Clinical Presentation and Di'agnosis 4 |
The typical patient presents following an inversion injury to the ankle (2,5), however

other mechanisms such as eversion or poorly described trauma have been reported (6).

Differentiating between an acute OLT and a simple inversiqh sprain is often impossible
at Mﬁd'presenﬁﬁon. The history and physical exam are remarkably unhelpful in
making this differentiation (1,5,18). The diagnosis may be made acutely in some cases if
X-rays are ordered. However, the X-rays are often not helpful, either because the leeion
ie missed or not present on the fllms Flick and Gouhl (1) reported that ER phyeiciahs
missed 12 of 16 cases of OLT in their series. Of these 12 missed diagnoses, 7 had
posmve X-rays but were misread by the ER physmlan Loomer (2) noted that of 92
cases only 50% were seen on initial X—rays, this increased to 66% when these same X-

rays were examined retrospectively after the diagnosis had been made by other means.

AIt can therefore be concluded that it is difficult to make a diagnosis of acute OLT. The
diagnosis of OLT is more commonly made as a resulf of the pers1stence of symptoms
following what was initially thought to be a simple ankle sprain. Chronic ankle pain -

~ usually activity related -, swelling, stiffness, night pain, mstablhty, lockmg, and crepitus -
are commonly cited symptoms (1,2,5). Loomer (2) found that pain was a “universal
comialaint “, they found that 94% had activity related pain, and 36 % had night pain.

Sixty-eight % reported swelling.

The delay between symptom onset and diagnosis is variable but may be protracted.

This may be in part due to delayed presentation on the part of the patient, however, the



diagnosis is often delayed even after presentaﬁon to-a physician. Flick and Gould (11)
found a diagnostic delay of up to 2 years after physiciah evaluation. Loomer et al (2)

found an average delay of 36 months from symptom onset to diagnosis.

In these chronic presentations bone scan, CT and MRI are useful. Tc 99 bone scan is an
“excellent screening-t.ool‘ with a sensitivity of 94% -(19)‘ho‘wever its specificity is only 76%
(19). A positive bone scan is usually followed with a CT scan to further identify,
loca]ize and stage the lesions(19). Tomograms may have a role (4) when CT is not
évailable and MRI has been bpfoposed as an alternative to CT. MRI seems to be better
able to detect stage 1 leéidns (3), however, the clinical significance of thls detection is

debatable (2).

Staging of OLT Lesions |
‘The classical paper by Berndt and Harty (1955) (1) described a four level staging system

that was universally adopted by the orthopedic and sports medicine communities (table

1).
~ Table 1
Berndt and Harty Classification
stage 1 compression injury with subchondral compression
stage 2 partially detached osteoc’horidral fragment
sfage 3 detached osteochondral fragment, non-displaced
stage 4 " | detached and displaced osteochondral fragment




Relatively recently this classification scheme was modified to incorporate the finding of

radiolucent defects (subchondral cystic lesions) (2,3) (figure 1).

Figure 1

Modified Berndt and Harty classification scheme (from Loomer
(2)). Note that stage 1 - 4 are unchanged from the Berndt and Harty
scheme (table 1) and that subchondral cystic lesions have been
added as stage 5. The percentages refer to the frequency of each
stage as per Loomer (2).

Loomer (2) has published the largest series of subchondral cystic lesions - 71 pts (77% of
92 cases of OLT(figure 1)). They suggest that these stage 5 lesions represent the

majority of chronic OLT lesions. Other authors, including Anderson (3), Flick and




Gould (11), Schar]ing (20), Yuan (13), Desmet (12), and Ly (4) have described these

lesions in smaller numbers.

Flick and Gould (11) describe talar subchondral cysts in 3 pétients. In one paﬁent théy

followed the evolution of a stage 3 medial talar dome lesion into a subchondral cyst.

Yuan (13), described 3 cases of talar cysts associated with osteochondritis dissecans and

filled with fibrous tissue, ﬂuidahd bqne ﬁ'agm'ents.

Scharling (20) described 10 cases with subchondral cysts (3 solitary and 7 multilocular).
They felt that the solitary cyst represented a stage of development of osteochondritis -

dissecans. They did not comment on the origin of the multilocular éysts.

Anderson (3) found 8 cases of s_i1bch'ondral c'ystsi in their series of 24 patients. Six of
these had negative initial radiographs from which it was concluded that they had arisen -
from stage 1 lesions. They proposed that stage 2a be added to Berndt and Harty’s

classification to reflect the possibility that the subchondral cystic lesion (2a) can arise

- from stage 1 or staige 2 lesions.

Ly etal (4) recognized that avascular necrosis of transchondral lesions can lead toa |
radiolucent defect in the subchondral bone. They proposed a2 stage classification -
system where stage 1 would represent all acute injuries and stage 2 would represent the

avascular necrosis stage.

Desmet (12) described 5 cystic lesions filled with granﬁlatiqn tissue at the bases of |

unstable osteochondral lesions.



| Loomer« 2 desc'ribes 2 patients with undispiaced talar. fractures that went on to
develop subchondral chﬁo-lesions. The pathologjt of:these‘lesions was noted to be
fibrous at surgery and it was conelnded that the cystic lesion represents avascular
necrosis in cases of farled healing. Loomer proposed that stage 5 be added to the

‘: - Berndt and Harty class1ﬁcat10n scheme to recogmze that the subchondral cyst can arise |

‘fro_m stage1,2,0r3 lesmns. :

It would appear that there is good ev1dence of an association between OLT and the
development of the radlolucent defect. This hkely represents avascular necrosis as a
result of failed healmg The stage 5 class1f1catlon system of Loomer will be adopted

here.

. Natural Hlstory of Stage 5 OLT
The natural h1story of OLT is very poorly understood Th1s is particularly true with

respect to the chromc stage 5 lesions.

Healing of OLT

‘Do osteochondral talar lesions heal with time and conservative therapy?
Radiographie hea]jng of OLT is described in the literature. Canale et .al (6) reported that

- 2 out of 16 lesions treated conservatrvely showed rad10graph1c union. McCullough et al
(7) reported that of 6 1es1ons treated conservatlvely, 1 lesion healed Bauer et al (8)

described healing in 4 of 5 children treated Conservatively. Mukherjee et al (9) reported

healing in 3 of 10 lesions. Roden et al (10) described healing in 12 of 53 cases.
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- All of these claims of» heahng'Wefe based on X-fay evidence of union. X-rays, as
discussed above, aré ciearly inadeqﬁate in asses‘éng OLT. -Not only do plain X-rays
~ miss OLT (2,3) but it is difficult to stage OLT based on plain X-ray (4). Loomer (2)
describes patients who appear as stage 1, 2, 0r 3 on plaih X-ray and are stage 5 on CT.
No study to date has assessed the héahﬁg»of OLT baséd onCTor MRI.findings.
L;)omer 2 believes stage 5 lesiéns wﬂl he_ai 1f given time but doeé not deséﬁbe any
cases as ﬁaving healed. The 6fher aufhéfs deséﬁbing stage 5 CLT do not discuss it’s
: natural hjstory..
Natural Hlstory of Symptoms of OLT :
The correlatlon between radlographlc OLT and symptoms is not always clear. One
| would expect rac_hographlc healmg to cqm_c1de Wlth's'ymptom resolution ; as has been
~reported (9). Cleaxiy .symp’goms can persist in assoc»iatilon.with fadiological evidence of
lesion persistence (11). However, OLT may alsé'be asjrmptbmatic. Lesions have been
detected coincidentally on radlographsv (1 10) and in some cases symptoms have
disappeared despite radlologlcal ev1dence of a lack of hea]mg (6,7). Loomer
(unpubhshed) has descnbed patlents w1th asymptomatlc contralateral stage 5 1es1ons
dlscovered madentally on CT scan.
Tﬁere is no data available in the literature désérjbing’ the nétural h'jstors.r 6f symptoms
“for the stage 5 lesion or the relat'ionship'beﬁveeh the change in symptoms and the’

change in stagé. 5 lesion size. - -



The Development of Osteoarthritis (OA) in OLT
Osteoarthritis of the ankle is, in general rare (21) The nsk of developing OA as aresult

of OLT is unclear. Various authors have come to different conclusions regardmg this
risk.

Canale et al (6) found OA in 15 of 31 cases of OLT. Interestingly, they found that while
poor clinical results always cérrelated with X-ray evidence of OA, sevén of théir cases
had no symptoms despite X-ray evidence of advanced OA. Unfortunately their criteria
for the diagnosis of OA was not supplied. Bauer et al (8) found OAm only 2 of 31 OLT
cases at an average follow-up of 21 years. Their critéﬁa for. the diagnosi_s of OA was
joint narrowing, sclerosis, or cyst formation. Osteophytes alone was not considered
evidence of OA. McCullough et al (7) followed 10 patients an avérage of 15.9 years and
found OA in only 3 patients. Theﬁ criiéria for the diagnésis of OA was joint narrowing,

bony sclerosis, erosions and osteophytosis. Loomer believes the risk of OA is small (2).

It is clear that the risk and significance of OA arising from OLT is still poorly
understood. This paper considers degenerative changes and osteoarthritis to be

synonymous.

Age of Diagnosis and Result
'The role of age of diagnosis in the course of OLT is poorly understood. There have

been limited numbers of adolescents/ children with OLT reported in the literature.
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Berndt and Harty (1) reported that conservatiVe therapy in children < 15 years of age
was generally unsuccessful. Poor results were obtained in 11 of 15 >cases, seven of

which required surgery at a later date.

Bauer et al (8) reported on 5 cases in children - all treated conservatively. Four of these
healed radiographically. Four were reported as excellent (no symptoms) and one as

good (mild symptoms).

Rodén (10) déséribed 6‘ patients less than 17 years ’_éf agé who were treated
conservatively. Atan average féllow;up éf 5.6 yeérs (range 1-11yr) twp were
symptoﬁl free. |

Davidson (15) reported on 4 conservatively ﬁ{‘anaged patients diagnosed at <17 years
- of age. One had a very good, one had a good, one had a fair, and one had a poor result.
Flick and Gould (11) conservativély manégedl. 3 patients younger than 16 years of age.
All did poorly and required later surgery. |

Yvars (13) describes one case of a 15 yr. female treated conservatively. She still had
limitation of activity due to pain at 15 months folléw-up. '

Mukherjee (9) reported on a 17 year 01;1 femalé who was treated conservatively and

was symptom free at 27 months.

McCullough (6) repbrted on 1 case of a 13 year old treated conservatively who at"24

years of follow-up had excellent results. -
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Bruﬁs et al (22) réported that 13 adde%cerits had much be&er results thgn '13 adults All
were »tr'e‘avtded %urgica]ly. | | | -

The: literature 1s cleaﬂyf confusing and contradictory with respec—t’to‘ |
adoléscents/children and the results of conservative therapy for OLT. No Stﬁdy |

reports on stage 5 OLT in the younger age group.

The Role of Lesion Location in the Natural History of OLT ‘
As discussed earlier the classical lesions are either posteromedial (deep cup shaped) or

anterolateral (shallow wafer like). It is not inconceivable that these different lesions
might behave differently. There is some evidence in the literature that this is the case.
Canale (6) found that lateral lesions cause more prolonged symptoms and more

. dégenerative changes than do medial lesions. They attributed these findings to
differing pathogenesis and to differing stresses on the lateral and medial aspects of the
ankle.

Roden (10) found that medial lesions produced much milder symptoms than lateral

lesions.

Not all series agree with these conclusions. Mukerjee (9) found similar results for
medial and lateral lesions_; Théy reported on 6 lateral lesions, 2 of which were treated
conseﬁratively. Five .of 6 had no symptoms and 1 (treated conservatively) had nllild
symptoms at an a\}erage of 17 ménths follow-up. Their 3 ﬁledial cases were all treated

conservatively and all had no symptoms at an average of 17 months follow-up. :
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There is no report comparing the results of conservative therapy for medial and lateral ”

stage5 lesions.

Conclusions From the Literature Regarding Stage 5 OLT
The literature is sparse with respect to stage 5 OLT. It appears that they represent the

majority of chronic lesions, are typically post traumatic in origih, and are the result of
avascular necrosis of lower stage lesions. The natural hisfqry of these 1ésiqns Wlth :
’ reSpe’ct, to clinical result, radibgraphic healing _énd the development of OA is ﬁnknown.
" The role of the age of diagnosis and lesion location in the natﬁral history of stage 5 OLT

is similarly unknown.
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'Statement'of the Prdblem -

The natural h15tory of stage 5 OLT has not been descnbed Do these 1e51ons heal
radlographlcally’? Do subjects with these lesmns improve chmcally in terms of
symptoms and activity mlpalrmént? Is therea correlatlon between symptomatic
“resolution and radiographic heal_jng? rDlo lesion Iécation and the age ;)f diagnosis affect
~the chmcal result? What 1sthe risk of de‘}elophig.‘ésteoarthriﬁs (OA)Aiand’ what is the
rcjlé of osfedarthritis in syxﬂptom peféisténce,? ) | o .

This study was designed in an attemptAto answer these questions.
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Metho_ddlogy

Sample Selection

Subjec{s were selected from the ﬁles of Dr Richard' Loomer and were considered
eligible for the study if at leaet 2 years‘ previeusly they had been diagnosed with a
symptomatic stage 5 OLT and if they were either managed conservatively for these 2

| years or if they had opted for surglcal treatment havmg failed a trial of at least 1 year of
- conservaf:lve therapy (in'which case only the cgnservative peried of the subjects .
mahagemeh_t was i'ncluded in the stud_.y)". E

Eligible su'bjects.were approached bymall and mvrted te participafe,in the study. If

mail contact failed then telephone follow-up was attempted. -

Assessment . .
The time of fo]low-up refers to either the date the sub]ect was seen as part of this study

or in the case of those who had opted for surgery after falled conservative therapy it
~ was considered to be 1mmed1ately preoperatxvely. In these cases of failed conservative _
therapy assessments were done retrospec{iyely for historical and VAS data. Physical

~ exam data was not available in these cases.

Basic Descriptive Data -

‘Basic Data was collected on age, sex, age at diagh_osis, length of follow-up since

diagnosis, and lesion location (medial Vs lateral)..

=17




History S
At the time of follbw—up the presence or absence of pain, activity related pain, night

pain, swelling, locking or catching and instability was recorded. The presence or

absence of a history of ankle trauma and the mechanism of trauma was also recorded.

Work and sport limitations at follow-up were recorded as unlimited, some limitation, or
unable. Previous symptom persistence at follow-up was recorded as gone, greatly
improved, slightly improved, same or worse. Pain frequency at follow-up was recorded

as daily, weekly, or monthly.

Physical Exam |

Ankle and subtalar range of motion was measured and the presence or absence of

swelling and tenderness (including the site of tenderness) was recorded.

Overall Clinical Result

The overall clinical result was rated as excellent, good, fair, or poor based on a
combination of symptom persistence, sport limitation and pain frequency (appendix 4 -

Modified Loomer Scale)

VAS Assessment of Pain and Activity Levels

Changes in the levels of pain at rest, pain to walk, and pain to run from the time of
diagnosis to follow-up were assessed using the following visual analogue scale (VAS)
technique. A 100 mm VAS was used with no pain at the ‘0’ extreme and the worst pain

felt in the ankle from this injury at the “100” extreme. For each activity level (rest,
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walking, and runmng) the subject was asked where on the VAS the level of pam at the

time of follow-up and diagnosis fits.

Changes in activity level were assessed in a similar manner using a 100 mm VAS with
the “100” extreme representing full activity and the ‘0’ extreme representing the level of
activity when the present injury inipaired them the most. Please refer to appendix 1 for

~ a discussion of this retrospective VAS including it's validity and reliability.

The mean VAS scores for each of pain at rest, pain to waik, and pai’n to run, at each of
the 2 times were compared using é repeated measures hotelings T - squared test. A
significant mulﬁvgﬁate result was to be followed by 1 téﬂed univariate repeated
measure t-test to determine the source of significance. 'fhe mean VAS scores for

activity level were compared by 1 tailed repeated measure t-test.

‘ Imaging . o
Subjects had CT scan and supine AP and lateral X-rays of each ankle performed at the

time of follow-up. Those who had opted for surgery following a trial of conservative
therapy did not have imaging repeated. However, for these subjects attempts were

made to obtain any imaging performed immediately preoperatively.

Lesion size was calculated from CT scans using the appfopriate scales on the respective
scans. Measurements were made of the maximal width and maximal depth (appendix
3). Maximal area was calculated (maximal area = maximal width x maximal depth). A

second set of measurements were made - blinded to the first set - one week following
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the first set. 'Ihe mean of these 2 measurements was taken as the final value of w1dth

W ) depth (D), and area (A) These calculahons were performed on the fo]low-up CT
scans and CT scans at dlagnosw (where available). The presence or absence of a
significant change in size was determined for each lesion (appendix 3). The mean lesion”

sizes at diagnosis and follow-up were compared by 2 tailed repeat measure t-test.

Changes in Lesion_ Size and Clinical Result

Pearson correlation coefficients were calculated between percent change in size of
lesions (depth, width, area) and each of : VAS change in pain to run,-VAS change in

pain to walk, VAS change in pain at rest, and VAS change)in eetivity level.

' The presence or absence of a reiationship between the direction of bsigniﬁcant size
changes and the direction of changes in pain to run, pain to walk and overall clinical

‘result were analyzed descriptively.

} Degenerative Changes

" The presence or absence of degenerahve changes in the ankles were determmed from
the plam X-rays accordmg to the criteria descrlbed in append1x 2. The. degree of _
- degenerative change was determined accordmg to the Loomer/ Shearer OA grading

scale (appendix 2).

The relationships between the presence or absence of degenerative changes and
changes in pain to run, activity level, and overall clinical result were assessed by

comparing cases with and without degenerative changes with respect to the direction of
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change in pain to run, the direction of change in activity level and the pverall'clinical

result.

The relationship between the presence or absence of OLT and the préséhée or absence
of ‘degenéraﬁve changes was assessed by comparing the prééence and absence ’ahd

grade of OA in ankles with and without OLT.

Lesion Location and Clinical Result

The relationships between lesion location and change in pain to run, lesion location and
change in activity level, and lesion locéﬁon and overall clinical result were assessed by
- comparing medial and lateral lesions with respect to the direction of chan“ge"'in pain to

run, the direction of change in activity level and the overall c]jnical result. -

Age of Diagnosis and Clinical Result .
Subjects were classified into adult onset (> 20yrs old at diagnosis) and juvenile onset

(<20 yr. old at diagnosis).

The relationslﬁps betweéﬁ age of diagnosis and change in pain to ruﬁ, agé of diagnosis |
and change in activity l.e%/el, and age of diagnosis and overall clinical resu.lt: were
assessed by comparingl adult and juvenile onset cases with r‘espéct to the direcﬁon of
change in pain to mﬁ, the direction of change in activity 'léflel_, and the overall clim'éal

result.
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Statistical Analysis

' Mean VAS scores for pain to run, pain to walk, _an,d‘pavin at rest were compared at .

follow-up and diagnosis by repeated measure Hotellings T squaréd. A significant F
was followed with univariate 1 tailed repeated measure t-test to determine the source

of significance.

Mégn VAS scores for activity level were‘compa':red at follow-up and _“diagnosi's byl -

féiled repeated measure t- test.

Chaﬁges in lesion maximal width, max1mal ciei:th, apd area wereéompared by 2 tailed
fei)eated meésmg ’c‘?feéts'% | |

The numbers of subjects was not large enough t(;) permit statistical analysis of the effect

of degenerative changes, lesion location or age of diagnosis on clinical results.

 Statistical signiﬁcance was considered present at p=.05.

- All statistics were run on Sysfat for windows (version 5.0).




Delimitations
This study is delnmted to those sub]ects wﬁh stage 5 OLT who were 2 years post '

dlagnoms and had recelved at least 1 year of conservatlve therapy A |
The assessment of clinical result is deh’mifed to the assessment of activity related pain,
activity level and an overall clinical result based on a combination of symptom
persistence, sport limitations, and pain frequency. Itis further delimited by the VAS
. techm'clue.and the Modified Loomer Overall-Activity Level scale.
The assess_ment‘o_f lesion size is delimited by the use of CT scans and the technique used
to measure lesion size from the CT scans.
The assessment of the degenerative changes is delimited by the criteria used to

determine the presence or absence of OA and the scale used to grade any degenerative . .

changes that were present
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Limitations
The delimitations described in the previous section lead to the following limitations of

the study.

Subject selection

There is a selection bias which must be acknowledged. The subjects referred to our
clinic with a diagnosis of stage 5 OLT likely represent a population of subjects who have
already failed a period of conservative mahagement. “Of these, some will be treated
surgically and some with further conservative management. The decision betwéen
surgical and conservative management depends solely on the severity of symptoms.
Therefore, those subjects eligible for this study represent those whose symptoms were
severe enough to be referred to our clinic but whose symptoms were not severe enough

to be managed surgically.

Clinical Result , ,
The study is limited to the assessment of activity related pain and activity level via the

retrospective VAS, and the overall clinical result via the modified Loomer scale.
Activity related pain is the only universal complaint in patients with stage 5 OLT(2).
The multidimensional overall clinical score was included in an attempt to broaden the

scope of the assessment of the clinical result.

Both the VAS and the Modified Loomer scale contain retrospective components. In

each case the subject is asked to compare present symptoms and/or activity level to
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those at the time of diagnosis. The memory of chronic pain ﬁsing VAS is discussed
further in appendix 1. The retrospective VAS has been shown to be reliable for both

pain and activity level ( see appendix 1).

imaging

The assessment of lesion size is limited to the CT scan determination of lesion size. The

validity and reliability of this assessment is discussed in appendix 3.

The assessment of the preseﬁce _andvgrade of dégenerative changes is limited by our
definition of degenerative changes and the scale used £0 grade the degenerative
changes. A full discussion of the criteria used to determine the presence or absence of
degenerative changes and the scale devised to grade any degenerative changes present

may be found in appendix 3.
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Results

o Sampie Population. -

Forty-seven éubjects fulfilled the e]igibih'ty cﬁteria." Contact waé made with 25 subjects
(26 ankles) and a]l agreed to participate.v Of tile 22 “lost” subje'cts_v12 had already been

fo.llowled-upI previously by Richard Loomer and although data is not available on ti'\ese
12 subjecfs for all aspects of the study, enough daﬁ is available to combine thev2 groups

in determining the overall clinical result (see below).

Descriptive Data ,
A total of 25 subjects (15 male, 10 female) of average age 38 years (range 21-69) with 26

ankles affected by OLT (16 medial, 8 .lateljal and 2 with medial and lateral lesions) were
followed-up at an average of 39 months (range 17-85 months) post djagno.sis.' The
average duration of symptoms before diagnosis was 44 months. Five‘s‘ubjects (6 ankles)
had opted for surgical therapy after at least 1 year (average 25.5 months, range 13 to 33

months) of conservative therapy. -

Conservative therapy had consisted of physiotherapy (15/25), chiropractor (1/25),
massage therapy (2/25), bracing (11/25), and weight bearing aids (7/25 - all only

immediately after injury and pre-diagnosis).

Twenty-one of 26 ankles had a history of trauma preceding the onset of symptoms -

although the significance of the trauma was not always obvious. Mechanisms of
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tra'dma included inversion (13/ 21); eversion- (1/21), plenter ﬂexiorr 1/ 21); torward

' shearing (1/21), and unclear mechanisms 5/ .21); |

There were 7 juvenile OLT (6 subjects) of average 16 years age at diégnosis (range 12 - |
18 yedrs), of these 4/7 had no history of trauma. Ortly 1/ 19 adults had no history of
trauma.

All 7 lateral lesions had a history of trauma. F oﬁrteert of 19 medial Iesion _Itad _a‘history.
~ of trauma. | | S |
At follow-up 17/26 reported pain, 16/26 reported activity related pain, and 10/26
reported night pain. Eleven of 26 reported_swe]lir\g,_ 10/26 complained of instability,
and 5 /26 reported locking or‘catchrhg. Fourteen of 26 Were happ)r with the results of
conser_vative therapy, 11 were unhappy and one Was’unsure. | S

Sport part1c1patron was unlimited in 10 /25, some. hm1tat10n in13 / 25, and unable in

2 / 25, Work part1c1pat10n was un]1m1ted in 20 / 25 some hm1tatlon in 5 / 25 and unable .

in'none. Prev1ous symptoms were gone in 8 / 26 greatly 1mproved in 3 /26; shghtly

blmproved in 4/ 26, and the same or worse in 11 / 26.

Five ankles were tender on examination 4 medial and 1 lateral). .In 2/ 5 ankles with
tenderness the side of tenderness did not correspond to the side of the 1e81on
Examination also revealed swelling in 5/20, decreased ankle ROM in 8 /20, and

decreased subtalar ROM in 3/20.



Overall Clinical Result

The overall clinical result was good or excellent in 13/26, fair in 4/26, and poor in 9/26.

When combined with the data collected previously on the 12 “lost” subjects the overall

clinical results were good or excellent in 20/38, fair in 7/38, and poor in 11/38 (figures 2

& 3).

Figure 2

Overall Clinical Result (n=26)

Poor
35%

15%

Figure 3

Overall Clinical Result (n=38)

Good/Exc
53%
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VAS Assessment of Pam and Actmty Levels '

Pain to run at follow-up was 0 mm in 7/25 and <5 mm in a further 3/25 Pain to walk
at fol]orv-up was 0 mm mA 6/ 26 and< 5 rnm ina further 6/26. ,Pam at rest at follow-up '
was 0 mm in 10/26 and < 5‘ mm in a further 4)26. | |

The multivariate repeated measure Hotelh'nés T squared test.on pain to run, pain to
walk, and pain at rest was signiﬁcant at p=.06. One tailed repeated measure univariate
t-tests show thlS s1gn1f1cance to be due to pam to run (decreased on average by 29mm, '
. p=-005) and pam to walk (decreased on average by 23.5mm, p— 009) Pain at rest

revealed a nons1gmﬁcant decrease of 9.5mm (p=.105)..

Activity level increased an average of 9.6mm (p=.168, non signiﬁcant).

Imagmg L -
Nineteen sub]ects had follow-up CT scans and 20 had follow-up X-rays performed One

subject was trying to become pregnant and had no radiological investigations. One
subject opted to have only plain X-ray and no CT. One sub]ect (2 ankles), who opted for
surgery after failed conservative therapy had a CT scan performed m1med1ately pre-
operatlvely which wou.ld have been mcluded as follow—up CT scanmng 1f the scan had

not been lost. .
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Radiographic Appearance
The majority of stage 5 OLT are irregularly shaped, well defined, cystic appearing

radiolucencies with or without sclerotic borders and occasionally with bone fragments

inside or near the lesion (figure 4).

Figure 4

Coronal view of a typical stage 5 OLT.

There was a subset of OLT that had a multifocal cystic appearance on CT scan (figure

5). Of the 26 ankles, 6 ankles (5 subjects) had this unusual appearance on CT scan. All
but one of these was bilateral and all but one was medial. Only one bilateral case had
a history of symptoms in both ankles!. Of the seven juvenile ankles three were of this

appearance, 2 of these 3 had no history of trauma. Of the 19 adult ankles 3 were also of

! hence the other 5 bilateral cases only counted as 1 OLT each in this study.
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this appearance and all had a history of trauma. All 3 juveniles with this multifocal
appearance were doing poorly and all 3 adults with the multifocal appearance had

excellent results.

In addition to the OLT, other pathology was found in 7/19 subjects with CT scans. Two
subjects had subtalar OA. Two had medial malleolar subchondral cysts. One subject
had a distal tibial subchondral cyst. One subject had a subtalar subchondral cyst. One
subject had a distal tibial subchondral cyst, a navicular subchondral cyst and a subtalar

subchondral cyst.

Figure 5

Axial view of a typical multifocal cystic stage 5 OTL.

31




Changé in Lesion Size , , ,
Eleven of 19 subjects with follow-up CT scans a]so had- 1mt1al CT scans at diagnosis that

were available to the study Two sub]ects initial CT seans performed at dlagnosm had
been lost and were not avaﬂable to the study In5 sub]ects the initial i 1magmg was
tomogram and. in one subject it was plam X-ray nelther of Wthh perm1ts an accurate
enough determmatlon of size to perm1t comparlson‘to CT sca’ns at follow-up. The -
eleven subjects with initial and folioWTUp CT scans avajlable,: to the study Were osed to‘ | |
determine thé following'mean chahges in lesion 51ze . |

Average depth increased by 2.0mm from 7.2mm to 9.2 mm (p=18,) Avex;age width
increased by 1.0mm from 8.0mm to 9.0 mhl (p=.06,). Ave-rage"area increased by 35mm
sq; from 58 to 9.34 mm sq. (p=.07).

Changes in width ahd depth' W'eré _eodgruent. No suhject with an jrlcrease in depth had

"a decrease in width and no subject with an increase in width had a decfeasein depth.

Change in Lesion Size and Clinical Result

Six subjects had either an increase in mdth or an increase in depth or both Of these 6
subjects, 5 had a decrease in~pain to run and pain to walk. The‘remaim'ng patient had
an increase in pain to run and p'a,in' to walk. Four of these 6 had good of excellent

results, one had a fair result, and one had a poor result.

Two patients had either a decrease in width or a decrease in depth. Both reported a

decrease in pain to run and pain to walk and both had good or excellent results. E
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All measures of change of size (percent change in width, depth, and area) correlated
negatively with change in pain to run, change in pain to walk, and change in pam at
rest. All measures of change of size correlated positively with change in activity. No

correlation was statistically significant? (table 2).

Table 2

Pearson Correlation Coefficients for % Change in Size and VAS Change in Pain or
VAS Change in Activity Level ‘

Percent Change Percent Change Percent Change in
in Area in Depth Width

-Change in Pain to | -.451 -436 -374

Run : (

Change in Pain -454 -454 -.349

Walk ‘

Change in Pain at | -.464 -474 ' | -.280

Rest ‘

Change in 379 364 318

Activity Level

There were no subjects with complete resolution of lesions on CT scan imaging despite
the fact that 8 squects -reported that their previous symptoms were gone and most of
these .8 subjects retained full activity level (6/8 100% activity, 1 / 8 98% agtivity, 1/874%
activity). One subject with tomogram diagnosis had almost complete resoiuﬁon of his
lesion on follow-up CT scan. He had an e?me‘]leht result clinically, his preﬁous

symptoms were gone and he was at full activity.

2r=.602 is required for 2 tailed statistical significance for n = 11 subjects (47)
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Degenerative Changes and Clinical Resuit
Thirteen of 20 patients had degenerative changes in the ankle with the OLT. Most of

these had a minor degree of degenerétive change - only 3 subjects scored greater than 1

on the Loomer/Shearer OA grading scale.

There is no relationship between the direction of change in pain to run, the direction of
change in activity level, or the overall clinical result and the presence or absence of
degenerative changes (figures 6, 7 & 8).

Of those with asymmetric OA (different grades of OA in their 2 ankles) 100% (10/10)
had the higher OA score on the side of the ostgdcﬁondrél lésionf No subjéct had a

higher OA score on the ankle without the lesion - although 3 subjécts did have OA on

the non-lesion ankle.

Of the 3 subjects with significant OA (grade>1), 1 had no pain and an excellent result, 1

had a fair result and 1 had a poor result.




Figure 6

Change in Pain to Run By Presence or
Absence of Degenerative Changes (n=20)
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Figure 8

Overall Clinical Result by Presence or
Absence of Degenerative Changes (n=20)
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Lesion Location and Clinical Result
There appears to be a relationship between lesion location and clinical result. The trend

is for lateral lesions to do better than medial lesions (figures 9, 10, 11 & 12).

Figure 9

Change in Pain to Run by Location (n=24)
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Figure 10
Change in Activity Level by Location
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Figure 11

Overall Clinical Result by Location (n=24)
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Overall Clinical Result by Location (n=36)
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Age of Diagnosis and Clinical Result
There appears to be a relationship between age of diagnosis and clinical result. The

trend is for juveniles to do worse than adults ( figures 13, 14, 15 & 16).

Figure 13
Change in Pain to Run by Age at
Diagnosis(n=26)
-,% Juvenile
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Figure 14

Change in Activity Level by Age at
Diagnosis (n=26)
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Figure 15

Age at Diagnosis

Overall Clinical Result by Age at Diagnosis
(n=_26)
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Discussion

Sample Population

As this study progréssed it becume clear that there was a selection bias involved in
recruiting subjects. Those who were the first to res.p.ond‘ tended to be ‘doing poorlsf, .
Those who were &yﬁﬁtomaﬁc were more difﬁcult to Cont‘act.j For.fhjs reason Vigorous
attempts were made to contact as many eligible subjects as possible. Followi'ng the _-
iuitial letter of invitation to participate in the study attempts were made to contact the
subject by telephone makiug use of home numbers, works nuﬁbers, friends, family and/
family physisians. One hundred percent of those contacted agreed to participate. This
yielded a retrieval rate of 53% of e]igible subjscts (25/47). Of those subjects we were
unable to contact 12 had been seen in follow-up prewously and the data prev10usly
collected allowed them to be mcluded in the section on overall chmcal result. This
yielded a retrieval rate of 79% (37/47). A comparison of the overall clinical results for
n=26 and n=38 (Figures 2 & 3), and the overall clinical results by age af diagnosis for
=26 and n=36 (Figures 15 & 16), and the overall clinical results by location for u= 24
and n=36 (Figures 11 & 12) suggests that the 2 groups are not apprec1ably dlfferent It

is argued that this smulanty Vahdates the generahzatlon of all results from the lower

retrieval group.

We believe that had those patients who were ."’lost” to the study been available, the

results may have been even more favorable to conservative management. Although
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some subjects may have left the contmunity,' many are likely still in the community.
Given that there is a tendency for subjects who are not doing well to initiate their own
follow—up and that most of the local orthopedic and sports rnedicine community

recognize Richard Loomer as the local “ expert in chromc OLT we feel that it is likely .

E that the “lost” group would be blased towards those who are generally domg well.

The inclusion of those subjects who hadlopted for surgical therapy after a trial of
conservative therap'y was neceésary in order to avoid a bias toward good resulta.
Therefore, rvhile inclusion criteria for the study included 2o0r more Vyears of
conservative therapy it was neceseary to include those who had failed conservative
therapy and opted for surgery at > 1 year. It was felt tha-t' subjects who had not waited 1
full year to have surgery did not have ,arradequate trial of conservative th‘e’ra‘py..

For this study the start of cionservative therapy ‘“.ra‘ﬂsf'de‘ﬁued as the time of diagnosis.
This was ttle or\ly‘prac'tical starting point as many‘subj'ectsdi{d not récall exactly when
their symptoms started. It is also unclear - and in fact uillikely - that when tt\ey first

developed symptoms they had a stage 5 lesion.

Descriptive Data
We found a hlstory of trauma with all lateral (7/ 7) lesmns and most (14/19) medlal

lesions. This is consistent w1th the general OLT hterature (6,11). The general fu‘ahty of

the physmal exam in making the d1agnosrs of OLT demonstrated in this study is also

consistent with the general OLT hterature (1,5,18,).
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" No subjects were unable to work as a result of thelr OLT and most (20/25) had no work

hmltatlons at all It isin the area of sports partlcxpatlon that stage 5 OLT are limiting,

Chmcal Results

It is clear from th]S study Athat conservatlve management isa v1able optlon for stage 5

: OLT; At an average of 39,“ mpnths follow—up'there Was a mgmhcant decrease in pain to
run and pain to walk and 50 to 53% had goodv or exvcellent. results;' ”t'here Was a trend
towards decreasing pain‘at rest and tc)wards tncreased_at:tivity "le\}el although neither
reached statistilcald sigruﬁcance. Forty % had no or almost no pam to run (% 5mm on |
VAS), 4’6% had no or almes‘tno pain to Wa]k . ” |

The multivariate repeat measure Hotelhngs T squared on pam to run, pain te walk and
pam at rest was considered significant at p=.06. Hotelhngs T squared was utilized inan ' -
attempt to control for the possible mﬂatlon of expenmentw1se type 1 error resultmg
from the analy51s of multlple variables. Although thls study was des1gned in a one
tailed format (expectmg to find decreased pain and increased act1v1ty level), the

? Hote]]mgs T. squared test is, by deflmtlon, a two tailed test. Hote]]mgs T squared will
be 31gn1f1cant When there is a high correlatlon between the vanables bemg measured
(23). The correlation between change in pain to run and change in pain to walk is high
(r=1923). Howe\ter, pain at rest has a lower correlation with pain to run (r=.678) and
,pam to walk (r— 702) The umvanate one ta11ed repeat measure t—tests reveal that
change in pain to run (p— 005) and change in pain to walk (p— 009) are hlghly sxgmﬁcant

and change in pain at rest is highly non significant (p=.105). It seems clear that the
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change in pain at rest, due to its poor correlation with the ether 2 variables has elevated:
the p.:value of the Hotéllings T squared above fnev” accepted standai'df’ for. signiﬁcance .
(p=.05). In view of the “closeness to sign“iﬁcance.’ ’ A(p=.'(v)v6);of the Hefe]jings T squ'ared;:
the 2 tailed nature of the Hotellings T squared, the poor correlation between pain at rest _‘ |
and pain to run/ pain to walk, and the highly significant univariate t - tests for pain ‘to ..
runand pain to vyalk, ltlS argned that the results should be considered signiﬁcant for

change in pain to run and change in pain to walk.

- If we interpret a one mm change on the VAS's utﬂize’d in»this study as representing a
1% change in the measn}'ed variable (b‘aeed on the i)e;eentage of the worst pain ever
from the injury or M'aenyiw), then pain to run can be said to nave decreased'on
avverage by 29% (p=.005) and pain to walk to have decreased on average by 23.5%

(p— 009). Pam at rest decreased on average by 9.5% (NS) and act1v1ty level increased

~ on average by 9.6% (NS) |

Itis interesting that pain with actiyity did 'decrease and yet no signjﬁcant'increase was
founel in activity level; ' Pain with activity is obyiqusly not independent of activity leye'l.
It nlay be that the amount of a given a‘ctivity” pefformed was titrated to pain levels. In 'A
otimr words subjects may have run less and therefore had less pam when they d‘id'run'.
Subjects also have different tolerances te pajn Some subjects were able to maintain
high act:lv1ty levels desplte their pam ‘These partlcular sub]ects did not show a great

increase in actlv1ty level when their symptoms sub51ded




The purpose of this study was not to compare conservative managementfto sufgical
managerhent. However, it is interesting to compare the 53% good of excellent, 18%
fair, and 29% poor results for conservative n;anagement (n=38) from this study to RL’s
follow-up of surgically lhanaged stage 5 OLT with 69% good or excellent, 31% fair and
no poor results (n=39) (Loomer unpublished). The patients referred to us may represent
a skewed population in that some of them may have élready failed some form of
conservative therapy. Of these patients some are treated surgically and some with
further conservative therapy. The decision between conservative and surgical therapy
at this stage has depended on the severity of the symptoms and the patients desire to
proceed with surgery. The subjects in this stu-dy represent those patients with |
symptoms severe enough to be referred to our clinic and yet not severe enough to be |
treated surgically. It is likely that the conservative group represents less séveré cases of
OLT than the surgical group. In view of this selection biés it appears that surgical

treatment gives slightly superior results.

It is interesting to note that of the five Subjects (six ankles) who failed conservative
therapy and opted for surgical management all had good or excellent results at an
average of 25 months postoperative follow-up. It appears that a trial of conservative

therapy does not decrease the chance of success of subsequent surgical management.
Change in Lesion Size

There was a trend towards increasing lesion size which in the cases of width and area

were close to reaching statistical significance. We were unable to demonstrate a
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significant correlation between changing lesion size and clinical result. In fact, if

anything, there was a trend towards an inverse relationship between the change in

lesion size and clinical result. Although both subjects With decreases in le'sioii size had
improvements in their symptoms, most (5/6) subjects with increases in lesion size also
had improvement in their symptoms. This likely reflects the fact that most subjects
improvéd whether or not their lesions diniirﬁéhed or increased in size, rather than a
true inverse relaﬁdnship. It must be pointed out that for the majority (7/9) of patients
with poor results change in size calculation was not possible due to incomplete
availability of CT data. It isvconceivable that availability of these subjects CT scans may
have changed the results in thls area. Itis also possible that there are unrécogm‘zed
facfors - i.e. other than size of the lesion that account for the sympfoms 6f the OLT.
Seven of 19 CT scans were found to have' other pathology in addition to OLT. Itis

possible that in some cases the subjects symptoms were due to the “other” pathology.

It is also recognized that the CT scans - taken in slices of 2-3 mm - could potentially miss
true maximal lesion dimensions. This error is not calculable but is likely to be small as

lesion borders were not found to undulate appreciably.

Degenerative Changes ah_d Clinical Result

Minor degenerative changes (Loomer/Shearer OA gfading scale .5 or 1) were common
in ankles with stage 5 OLT. However, there was no relationship demonstrated
between the direction of change in pain to run, the direction of change in acti‘}ity level,

or the overall clinical result and the presence or absence of degenerative changes. This
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is not surprising as it is well recognized that there is an tmperfect correlation between

radiographic signs of OA and clinical symptoms (24). This study did utilize a liberal

~ definition of radiographic OA and hence many very‘ mild cases were assigned to the

OA group that in other classification schelnes_ may have been considered to be in the

| non-OA group. This potential criticism is accepted as we were interested in knowin;g .

whether the presence of even mmm1al degenerative change was related to the result. It
is interesting to note that the lack of a relationship between the presence or absence' of
degenerative changes and the chmcal result helds. tru.e.even' for the 3 cases with

| signifteant OA (= 150n Loorner/ SheqrerOA scale). |

Only longer follow-up studies will reueal whether or not these minor degenerative |

| changes will lead to more sxgmﬁcant changes and whether or not they become chmcally
: mgmﬁcant

It does seem clear that there is a relaﬁonshria between stage 5O0LT and the
development of degenerative changes.‘ One hundred percent of the subjects with
evidence of asymmetric degenerative changes between 'their two ankies had the higher
grade of OA on the side of the OLT. This argues strongly for a relationship between .

stage 5 OLT and the development of OA.

Lesion Location and Clinical Result : .
Although the numbers are not large enough to a]low statlstlcal analysis there isa trend

for lateral les1ons to do better than medlal lesmns (Figure 9 10 11 &12). This appears to
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contradict the findings of Canale (6) and Roden (10) although it is important to keep in

mind that these authors were not studying stage 5 lesions.

It is interesting to note that lateral lesions are génerally easier to access surgically than
medial lesions (Loomer (2)), this méy lead to a bias towards operative management in
lateral lesions. Loomer’s data (unpublished) reveals that he has operated on 61%

(17/28) of lateral lesions and only 47% (22/47) of medial lesions. ‘One could

- hypothesize that this would lead to a bias towards good results in surgical subjecté.

However, lateral and medial lesions treated surgically had 68% and 70% good or

excellent results respectively (Loomer unpub]jshéd). It appears that the slightly

~ superior results achieved surgically as compared to conservatively are not an artifact of

a selection bias based on lesion location.

Age 6f Diagnosis and Clinical Result

There appears to be an impression in the sports medicine community that juvenile cases

“of OLT do better than adult cases. This assumption is not well supported by the

literature (1,6,8,9,10,11,15;25).' For stage 5 OLT it appears that jﬁvem'le cases do Worse

than adult cases. The numbers do not allow statistical analysis, however, the trend is

quite clear.

- Itcould be argued that the age of 20 is too high to be used.to dif/ide adult from juvenile

cases. It is admitted that this is an arbitrary definition, hQWever, when one considers
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 that the average time from symptoﬁl onset to diagnosis was 44 months this boundary

does not seem unreasonable.

The difference in clinical result based on age of diagnosis is not simply due to a longer
foﬂow—up périod for juvem'les and a resultant deterioration overtime. The average
follow-up time was 42 months for the juvenile group and 38 months for the adult

= | .gfoup- |

It is conceivable that the poorer clinical results for juveniles is a result of higher absolute
activity levels in juveniles than adults. However, this study did not measure absolute
activity level.

Interestingly, it was much more common to have no history of trauma in juveniles than
it was in aduits. Thls may merely répresent the fact that the adults have lived longer
and had more time to accumulate episodes of trauma. However, the majority of adults
were able to déte their ankle problems to a specific incident of trauma. It is possible
'thatv an etiology other than trauma was responsible for the juvenile OLT. However, it

was not necessarily those juveniles lackiﬁg a history of trauma that did poorly.

The multifocal cystic lesions are interesting. Not only do they have different
appearances but they tend to be bilateral (4/ 5 subjects), medial (4/5 subjects), and often
(3/5 subjects) only one side is symptomatic. Juveniles appear to have these lesions
more commonly(3/7) than do adults (3/19). Juveniles with these lesions tend to do

poorly (3/3). Adults with these lesions tend to do excellently (3/3). Two of the 3
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juvenﬂe cases had no history of trauma. All 3 adult cases did-have a history of trauma.
Although the numbsers are far too small to draw any conclusions it is interesting to -

speculate on etiologies other than trauma in these cases. -

Conclusions , :
Stage 5 OLT do improve significantly with respect to pain to run and pain to walk.

| Fifty % have good or excellent results, 15%. have fair results, and 35% have poor results.

| There was no significant ch'ahgefvou'j.ld'in pain at rest and'acﬁivivtyvlevel.‘

* There was no significant change in lesion size and there was no ceri'elatit)n betwéen
change in lesion size and clinical résult,
Degenerative changes (generally mild) were seen in 13/20 ankles with stage 5 OLT.
There appears to be a relationship between the presence of ‘éfage 50LT and the
' deyelopment of degeheraﬁve'chaﬁgesﬁ 'Hei';vever, there was ‘ne relationship found
between the presence or absence of degenerative Chénges' and clinical result.

Medial lesions tend to do worse cli:ﬁcélly than lateral lesions. |

Juveniles (<20 yr. at diagnosis) tend to do worse chmcally than adults.
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Management Recommendations
Although this study was not designed to cpmpare the various treatments for stage 5

OLT the folloWing comments about the management of theses lesions seem pertinent.
Clearly conservative management of these lesibns is a viable option. A combination of
physiotherapy, activity modification, bi'aces, and weig}it bearing aids can be vexpected
tci yield gi)od or e*ce]lant results in 50% of patients at an average of 39 months. This
study does not allow the recommendation of one form of cfonservativie therapy over

another.

Although not formally assessed in this study it is ’suggestéd in the ciiséussion that
surgical managément may be SIightly superior to conservative management. Therefore,
in some cases (e.g. the elite athlete oi' extremely disabled patients) the slightly gieater
rate of succeés with surgical management(70% good or excellant) may outweigh the

risks of surgical procedure and early surgical intervention may be reasonable.

It is also tempting to recommend a more aggressive approach for medial and juvenile
lesions as they seem to do worsé with consefvative iiianégement than do iadults and
lateral lesions. However, no firm recommendations can be made here as the siibject
numbers were small and statistical signiﬁéance could not be assigned to the trénds that
were found. Nonetheless, it does seem reasonable to recommend an individualized
appr‘oach based on a ¢ombinaﬁon of lesion locati(in, the age of the patient at diagnosis,

and most importantly the degree of disability and the level of the patients demands.
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Append'ix 1- Vi_sual Analogue Scales a_nd"the Measurement of Change
in Subjective Variables
“Introduction -

The hterature dlscussmg OLT contams numerous different methods to record the

outcome of treatment.

Rhoden et al (10) sintply recorded whether the patients were or were not symptom free
at the time of reassessment. This is a very simplistic system that is insensitive to small

: changes m the degree of symptoms or function.

Most authors }(1‘,6,7,'8) have used a3ord level classiﬁcation ‘system (poor, fair, good, or
excellent) hesed on symptom persistence and disability. For examlsle McCtﬂlough etal
(7) rated the result of treatment as excellent if there were no symptoms,‘ goOd if there

. were occasmnal symptoms but no hm1tatlons, fair if there was occasional pam onrough
ground or with prolonged walkmg, and poor 1f normal actrvrty was ]muted by pain or
lockmg Descnptlve scales such as these, whlle an mprovement on that of Rhoden are

still very msensmve The reproducibility of these scales has not been addressed by any |

of the authors utilising them.

Flick and Gould (11) made use of a 100 point scale based on numerous points of ', ,
subjective and ohjective evaluation. This.s'ystem, while potentially sensitive is highly

suspect with respect to-va]idityian‘d reproducibility.
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Loomer et al (2) rated their patlents result as_"exc"'ellent,';good,_ fan-, or poor based on | R

descriptions of pain frequency,‘ sports partteipaﬁon, changes in preoperatiile symptoms,

and a wﬂhngness to have the surgery performed agaln if they had to do it agam Th1s

~ scaleis an nnprovement on that of McCu]lough et However, the descrlptlon of the |

] ‘scale leaves the very real possrbﬂit}t-that a given patient Would be 'excellen't' in some
categones and good or fair i in others Thls would leat/e the overa]l rating for that

i patient in doubt A modlﬁed form the of the Loomer ratmg scale has been utilized in

the present study (appendix 4).

" The Visual Analog Scale

Visual analog scales (VAS), | whlle not perfect are a useful tool to aid in the :
measurement of subjective phenomenon. VAS s consmt of awl'OO mm line wnh well
demarcated ends that represent the’extremes of the subjecthte expertence he_ing ’
measured.‘ For exarnple, the extremes of a VAS pain scale could represent no pain a.t
one end and the Worst pain ever at the other. The patient is asked to make a mark on
the scale wh1ch represents h1s position on- the continuum deﬁned by the VAS The
' distance along the line that thls mark measures is taken as an ob]ectlve measure of the
patients subjective experiencer .I |
VAS's have been used pnmarlly to measme pain. However other subjective variables
- have been measured successfully (see below). The VAS is ‘}ery easy to use and very

‘ sensitive (26). .
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Validity of VAS Pain Scales

Pain is a subjective phenomenon and as such there can be no gold standard” for pain
measurément. When someone says that they are in pain they are in pain. Itis therefore

difficult to assess the validity of the VAS in the assessment of pain.

' Pain intensity, as measured by the VAS, has been shown to correlate well with
assessments of pain intensity using other forms of pain scales. Simple descriptive scales
(a 5 point system based on verbal descriptions of pam) yielded a correlation coefficient
of .726 with horizontal VAS (27). Numerical rating scales (pain scores on a 0 to 10 scale)
yielded a éorrelation coefficient of .616 with horizontal VAS (27). This does érovide
evidence that the 2 scéles are measuring the same entify. However, it has been argued,
and prébably rightly so, that such agreement between 2 similar subjective pain scales

does not necessarily validate them (28).

Price et al (29) exposed patients to various noxious thgrmal stlmuh and derived a
mathematical equation for visual analogue paiﬁ scores based on the experimental
stimulus inteﬁsity. They then asked patients to describe their chronic pain by VAS. The
patients were also asked’ to describe the level of experimental pain which was the same
as the level of their chronic pain. These experimental pzﬁn levels were then used to
calculate the VAS equivalent from the pfeviously derived mathematical equaﬁon.

There was very close ‘agreement between the chronic pain VAS described by the

patients and those calculated on the basis of the equivalent experimental pain. This
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internal consistency was interpreted as evidence of the validity of the VAS for

measuring pam

Price et al (29) also followed patients who were being treated for chronic back pain.
They found a correlation of .7 between the VAS score for pain and the physician rating

of improvement.

It is clear that thésubjective .na‘tu‘re 'of‘pain makes the deﬁnitivé proof of the validity éf
the VAS impossible to obtain. However, pain 'intensity or pain relief is oftén the major
variable of interest. It-appearé that the use of the VASis a vaiid approaéh to this
problem. |

Reliability of the VAS to Assess Pain , ,

The ré]iabﬂi’t_y of a test is usually determined by its test/re-test correlationf Such studies
are difficult to perform with respect to pain measurement as it is not possible to ensure

| that the pain remains the same from o_né test to ahother (even over Very short time
spans (26)). HowéVer, there have been atteﬁtpts to address ..the ques_tion- of the

reliability of pain assessment as measured by VAS.

Downy et al (27) found a correlation of .907 between pain intensity scores as measured
with vertical and horizontal VAS's. Increasing the time between measurements to

approximately 10 minutes yielded a correlation of .886.

Scott and Huskisson (30) studied a set of arthritic patients who were already taking part

in therapeutic trials and serial pain measurements utilizing VAS. In this study they
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were asked to complete a visual analog pain scale .without access to their initial visual
analogue scores. They were then shown their{ v13ua1 'anangue sco.re'frolmv the initial visi’t.
“at the oﬁsét of treatment and asked to coﬁlpleté a second VAS. The correlation between
the two Vscores (i.e. the visual analogue scores recorded oﬁ the same v.isit> with and

without exposure to the initial visual analogue score) ranged from .96 to 76.

Scott and Husékisson (31), in aﬁother studyf compared véfﬁcal to ﬁor’iz‘ontal VAS scores
by arthrmc éaﬁents and found a correlation of .99 ‘betlw'een the 2 forms.

Price et al (29) foﬁnd a correlation of .97 between 2 se;siom of experimgﬁtahy ixjduced
pain, In this study VAS pain intensities were recorded for given noxious thérmal
‘im.p_ulses. The same impulses apphed a'second'th:ne 'yie.lded VAS scéreé that c_,oqelated
hlghly (.97) with the first sét'.' The time between the 'seésions was not réc.dfded.
 Linearity of the VAS

The assumption of linearity of the VAS is lmportant The ana1y31s of the data obtained
,fljom the VAS using par‘ametfric techniques is dependent or_i this as'sumpﬁon?’. "The
validity of this assumptién has been debated. Is 1 cm cilange at the middle of the VAS

representative of the same change in pain as 1 cm change at the extremes of the VAS?

3The assumption of normality hés also been cited as a necesséry criterion for the use of parametric
techniques to analyze VAS data (33). However, parametric t-tests have been shown to be rQbuét to this.
assumption except in the case of very skewed distributions (48). Husklsson (26) has shown the

distribution of a pain VAS to be umform and not skewed
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Dixon et al (32) found that the reprobducibilty varied along the length of the VAS (more
accurate at the extremes). This implies that the error may change balong the line but not
necessarily the linearity.

Qu'idihg and Huggquist (33) chose to utilize both parametﬁc aﬂd'hon'-péra_metric
techniques to analyie their data as they were concerned about the validity of the

assumptions required to utilize parametric techniques.

Price et al (29) found that the VAS scéres were a logarithmic function of e*perimental
pain stimulus i,ntenéity. This, however, does n§t refute tﬁe assumpﬁons of linearity of
the VAS. Tﬂére is no reason to assume vthat pain intensify isa Hne# functic;n of the
intensity  0£ the expérix'nental. stimulus. |

* Langley and Shéppard (28) argue that the presence of ﬁxed extremes on the VAS tend
to create a crémming effect. This effect occﬁrs as improvement continues (or pain
continues to increase) and therg is no more room to place marks on the scale. One’s
impression of the worst pain ever may change_ over time as greater levels of pain are
experi_enéed. Thls change in one’s perception of the endpoint canﬁot be e;cpreslsed oﬁ
such fixed eSctreme VAS. In other wdfds, this cramming effect ai)pears to occur as a
result of fixed end points that are outside of the re.ﬂm .of the subjects experience. If,
howevgr, the éxt;emes of the VAS were within the réalm' of the subj'ects experience, (no
pain, or worst pam 'du;'i'ng -this injury) then t}us ‘concepfual attack on fhe 1inéaﬁty o'f_.th‘e

visual analog pain scale would not be _valid, .
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For this reason the form of VAS bemg utilized in this study has 2 ﬁxed extremes. ‘0"

represents no pain and. ’100’ represents the worst paln from this injury. Both extremes

should be well within the realm of experrence for the sub]ects. Therefore, if it is made

clear to the subjects that the VAS is meant to be a linear representation of their pain

“experience then the assumption ofplinear"ity should hold. Itis also important to note

that this format would allow for the recording of either an increase or a decrease in pain

as appropriate.

The Memory of Chromc Pain usmg VAS

The present study w1shes to compare pain and act1v1ty level at present to pain and

: actrvrty level at the time of d1agnosrs (2 Oor more years earher) This W111 be achieved"

using a retrospective VAS that requ1res the patient to describe two instances in time on

the same VAS. This ohviously requires the suhject to remember the pain and activity

" levels in the past. There will cleariy be sorneferror' _involved in the memory' of pain and |

activity level.

The ability to recall chrofu'c pain using VAS’s has been assessed by several authors

(34 35 36) While the general consensus is that the accuracy of recall of chronic pain is

poor, Bryant (36) found no s1gmﬁcant dlfference between the 1mt1al and recalled pam
There is an important methodologlcal ﬂawm these studies that would appear to be
inherent in the process. In order to c’ompa.re the pain at present and in’the past one
must use VAS's that can not be considered_ ’equivalentx:over tirh_e due to the potential

changing of the endpoints. For example Linton and Melin (34) used a VAS with “no
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pam ’ at the 0 extreme and terrible excnic1atmg pain” at the 100 extreme Itis
A impossible to state that this VAS continuum represents the same pain experience at
| both times. | | |
While clearly there w1ll be some error mherent in the memory component required for
| vthe retrospective VAS de51gned for this study, itis argued that the patient s perception
of the change in symptoms over time is the chmc.a]ly‘nnportant_ variable. This wﬂl be
| adequately assessed via the retrospective VAS. | -
VAS versus Other Forms of Pain Scales
Other pain scales have been descnbed Slmple descriptive pain scales a551gn values to
descriptive vvords such as mild, moderate and severe. These scales are much less
-sensitive than VAS to small changes m the degree of pam (26).. The 'h'nearity of simple | =
pain scales is even more ofa concern than with VAS, - - |
_ Numerical rating scales, irvhere the suhjects rate their pain ona scale of 1-10, are

_similar to the VAS. However, they lack the theoretical sensitivity of the VAS.

* Downie et al (27) found a lugh correlation between these various rating scales.
Vertical versus Horizontal VAS , .

- The VAS hne may be honzontal or vertical The 2 forms are highly correlated (r— 99
(31), r=:907(27)). The scores on horizontal VAS tended to be slightly higher that on
vertical VAS(31), it is therefore important that the position of the VAS be standard

throughout the experiment.
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VAS and measurement of subjective phénomenon'other than pain

VAS's have been used to measure many subjective variables. Miller and Ferris (37), in
their review of VAS's in research, report that VAS's have been utilized to measure such
subjective variables as mood, anxiety and distress, craving for cigarettes, quality of life,

dyspnea, fatigue and others.

The use of VAS's to measure activity level does not appear to have been described in

the literature.

An Assessment of the reliabilify of the Réfrosﬁective VAS for Pain and.A.ctivity Level

To assess the reliability of the retfospécﬁve VAS a pilot study was performed on 10

patients with a variety of running injuries of at least 3 months dufation. These patients

were seen as part of their regular visits to our clinic. At the start of their visit they were
- asked to record their lével of pain wuh slow running at présen’t (PNl)and 3 months

previously (PT1) on a VAS mth the ‘0" extreme séf at no pain-and thé 10’ e*tremé set at
. the worst pain during this injury. They were also asked to record their overall activity
level at present (AN1) and 3 months previously (ATl)ona VAS with the ‘0’ endpoint
set at the most limited activity level due to this injury and fhe 10" endpoint set at full
activity level. The patients were then distracted for 15 minutes énd then asked to
complete a duplicate set of VAS’s. This yielded scofes for the pam with slow running at
present (PN2), pain with slow runmng3 months previously (PT2), overall activity level
at present (AN2) and overall activity level 3 months previously (AT2). N o physical

examination or discussion of prdgnosis had taken place durmg the 15 minute
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distraction peﬁod. The patients did not know that they would be asked to complete the

- second set of VAS's and they did not have access to their first set of VAS scores when

completing the second set.

‘The pearson correlation coefflc1ents between the first and second set of VAS scores

jwere calculated to determine the rehablhty of these measures (table 3).

Table 3

Reliability of Retrospective VAS

Measure Correlation
pain at present (PN1 Vs PN2) 962
pain 3 months ago (PT1 Vs PT2) 949
activity at present (AN1Vs AN2) | 969
activity 3 months ago (AT1 Vs , 954
AT2)

The pearson correlation coefficients were found to be high suggesting good reliability of
the retrospective VAS in assessing pam and activity level in both the present and past
tense.

Conclusion

VAS's are a sensitive , facile, reliable and valid technique for measuring subje;:ﬁve
phenomenén. It is possible to structure the VAS to validate the assumption of linearity

and allow the use of parametric techniques in analyiing the data.




Appendix 2 - Criteria and Grading Scales f‘or:the Rad,iélog;lica_'l B |
Diagnosis of Osteoarthi'itis

Introduction

Osteoarthritis (OA) is a well recognized degenerative diseqse in which )omts are
affected by cartilage destruction, erosion, subchondral sclerosis, the formation of
osteophytes and subchondral cysts (38). The clinical presentation is that of activity

related pain, swelling, stiffness and crepltus (38). Clearly, this is a similar clinical

presentation to that of OLT.

It is well recognized that trauma involving the jointlsurface ca_nPrédis‘pose tb the.
dévelopment of OA (38). OLT mVO'lve the joint surface but do they lead it'o the
.development of ankle OA? Is OA in-volved in the symptomatology of OLT? To address
these quéstiOns we must be able to define OA of the ankle. Clearly, clini¢al criter;a are - |
not helpful as the clinical presentatiéh of OA and QLT are so similar. We are, ther_efoi'e, :
left with the rédiologica.l diagnosis of OA. | | .
Radlography of OAin general 5

- Kellegren and Lawrence (39) have described the radlologlcal features generally :

considered as evidence of osteoarthntls:

The formation of osteophytes on the joint margins.

Narrowing of the joint cartilage associated with sclerosis of the subchondral bone.
Small pseudocystic areas with sclerotic walls situated usually in the subchondral
bone.

Altered shape of the bone ends.
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Although the clinical and radiographic pictures do not always chrelate'perfectly, pain,
swelling and crepitus have been found to be sigiljﬁéanﬂy more common in those with
radiogfaphic findings of OA than with normal radiographs (24).

Radiography of OA in the Ankle ‘

The hterature discussing OA of the ankle is relatlvely sparse. This likely reﬂects the

relative rarity of OA of the ankle (21)

The authors who have discussed osteoarthritis m OLT havé used different definitions of
osteoarthritis. Bauer et al (8) used the criteria of jéint narrowing,.scl,_erolsié or cyst
formation. Théy did not consider ostec;phyte's alqnéi to be sufficient to diaghosg_ OA.
McCullough et al (7) used the presenca of ]omt harr_oWing, bony sclerosis, .or erosions
and osteophytés as criteria for the diagnosis of OA. Other authors did not describe

their criteria used to diagnose OA.

Magnusson (40) described a scale to rate the degrée of osteda.rthriti_s in the ankle (table

4).
Table 4
A Magnusson OA Rating Scale
+) slight reduction of joint space and slight formatlon of osteophytes on )omt
margins. ' :
+ more marked abnormalities, p0351b1y with addition of a sclerotlc zone ‘within
' subchondral osseous tissue of tibia :
++ Joint space only about half as high as on unm]ured side and rather marked
_ | formation of osteophytes
+++ | Joint space has completely or almost dlsappeared
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Wyss and Zollinger (4'1)‘have'_described another scale for osteoarthritis in the ankle

(table 5).

Table 5

Wyss and Zollinger OA Ratmg Scale

stage 0 | no degenerahve Changes present.
stage 1 | sclerosis without narrowing of the joint cav1ty -
stage 2 | sclerosis and the development of a margmal rim and slight narrowmg of the

joint.
stage 3. | more marked narrowmg with furrows and roughening of the subchondral
, | lamella. - '
stage 4 | cystic radlotranslucenaes and marked scleroms in addmon to the findings of
stage 3. '

Nei,ther clessiﬁcation "schem'e has been analyzed.'with respect to reliabi]ity.
_ Criteria for the Radlographlc Diagnosis of OA - : :

- This study adopted a hberal deﬁmtlon of OA and mcludes osteophytes asa sufﬁaent
criteria. We were mterested in knowmg whether ankles with OLT had any ev1dence of

. OA, however mild, and whether the presence of this OA had any relatlon to the clinical
result. | | |
Jonsson et al (42) vdescr_ibed the normal width of an ankle joint 1n males and females
averaged over 6 well deﬁned places of measurement on:srandérd supine X&ajs. ‘They

| found ther Varyingrthe.poslition of the beam did not make a significant difference. |
‘There Was no s'ignific'antv'd‘ifference herWeen right and 1é& or w1th age. Maleo averaged

3.4mm (standard deviation .4mm) and females averaged 2.9 +.4 mm. Ueing this data
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- a]lows us to standardize the assessment of ]omt space narrowmg There does not
appear tobea s1gn1ﬁcant benefit in obtammg We1ght bearing rad1ographs when
assessing joint space narrowxng (43). Therefore, in this study, APand lateral X-rays

were taken of both ankles in the standard supine position.
_Osteoarthritis was considered to be present if any of the f_ollowing existed: -

e osteophyte formation on the tibia/ fibula-talar joint

~ o joint space narrowing - joint space greater than 2 standard deviations smaller than
the population mean (i.e. .8 mm smaller) or .5 mm smaller than the contralateral side
as determined by the method of Jonsson (42). ‘ :

¢ Sclerosis of the subchondral bone as compared to the contralateral ankle and agreed
upon by 2 investigators of the study

The presence of suhchondral cysts has been intentiona]ly omitted from the lrst,of '
criteria to avoid confusion with the subchondral cyst of the OLT This is should be
mmgmﬁcant as the formatlon of subchondral cysts in osteoarthntls is recogmzed to .
represent advanced osteoarthritis ( 41) and would be found in association wit_h other
radiographic signs that would result in-.the; cOrrect diagnosis of OA.

All ankles with 6A in this study did haye osteophytes. Sclerosis was never seen
‘without at least small OSteophytes. ‘The one—subject with narrowing accordtng to the .

criteria of Jonsson (42) also had marked osteophytosis.

: Gradmg scale for the degree of OA
The OA gradmg scales of Magnusson (21) and Wyss and Zolinger (41) proved to'be not

useful in that they are difficult to apply. The most common evidence of degeneratlve
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- Achanges we ses lis tha't of 6steophytas alone with _nd evidence of narrowing or sclerosis. |
~ There s no place in either of the above mentioned scaies for osteophytes alone. In fast
~ both'scales vﬁlake sense only if'osfeqarthriﬁs always progresses through thé same stages

' ‘in 'tl.1e same ardér.. These 2 scales are actua]l‘y'inconsistent when compared to each
other as they both grade OA based on dlfferent patterns of progression. For example
the Jowest stage for Magnusson possessed narrowing and osteophytes and the lowest

- stage for Wyss and Zo]]inger includes sclerosis only.

We have designed an OAAscale that recognizes that the radiograpiu'c evidence of OA
‘may nat always progress in the same pattern. ' Therefore points are given for any of
osfeophytes, sclerosis, or narrowing. It 1s also recognized that osteophytes are relatively
minor expressions of OA when comparaa to narrowing. Points are awaided for the

presence of the various elements of radiographjc evidence of OA (table 6).

Table 6

Loomer/Shearer OA Grading Scale

Radiographic Finding Points Given
Largest tib/fib-talar osteophyte: <2 mm 0.5
Largest tib/fib-talar osteophyte: 2-4 mm 1.0
Largest tib/ fib-talar osteophyte >4 mm 1.5

sclerosis 0.5
focal narrowing ¢ . 2.0
diffuse narrowing > _ 3.0

4 For this scale focal and diffuse narrowing were determined by visual comparison with the opposite
ankle.

% Diffuse narrowing refefs to narrowing of most of the joint surface.



Reliability of the Loomer/Shearer OA Grading Scale

The inter and intraobserver reliability was assessed with test/ retest pearson correlation
coefficients: The grading scale was applied to the 20 subjects in this study with X-rays
(both ankles). Measurements were performed by CS on 2 occasions separated by 1

week and blinded to the first set of results on the second occasion. Pearsoh correlation

- revealed r=.872. Directional agreement (defined as the 2 trials agreeing on the ankle

with more advance OA) was found in 19/20 subjects.

The same X-rays were then graded independently by RL. Pearson correlation’s yielded
coefficients of r=.839 with CS first set of measurements and r=.857 with CS second set of

measurements. Directional agreement was found in 18/20.

In all 3 cases of directional disagreement one of the measurements scored the two
ankles as equivalent. In other words it was never the case that the 2 sets of

measurements determined that opposite ankles had higher grades of OA.

It appears that this scale is highly reproducible and therefore highly reliable.
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Appendix 3 - Lesion Size as Assessed by CT Scan

Introduction . »
CT scans were obtained at various British Columbia hospitals (UBC, RCH, Surrey,

Richmond, Kamloops). All CT scans contained a scale from which it was possible to
| measure tfle sizé of 1esioﬁs. | | o
- The difﬁculty in ac:curateiy assessing the voit_i_mé of irregularly shaped 1esions with CT v
scanr.u;ng‘is well reéognized. While computer software - buiit into CT séanners - hés
been designed to solve this problgm (44,45,46), they were not practical With respect to

this study. This was particularly true when considering the initial scans in retrospect.

It was therefore decided to measure maximal width and depth in the coronal plane.
Unfortunately not a]l CT scans provided axial views and thérefc)ré the cdcﬂaﬁon of
length was not péssible in many caées. As a result length was not calculated at all. It
was hypofhesized fﬁét a ch&nge in lesion volunie wou'id likely beéélual in allv 3 -
dimensions. This hypothesis is supported by a high correlation found between chénge
in width and change in depth (r=.831, n'—Tl.'l).‘ Maximal width (W) was defined as the
maximal diameter of the lesion in the coronal plane p_afaﬂel‘ to the top of the talus.
Maximal depth (D)'wés defined asl thé maximal diameter of the lésion; m the cofénal
plane, perpendicular to the top of the talus Theimaxin'lal Area was defined as A =W x

D.
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The Reliability of the Measurement of the Size of the Lesions

To assess the reliability of the measurements of lesion size 51 dimensions were
measured (m1) onthe avajiabie CT scans Re}aeat Ineasurements (by the same
- individual - CS) of the same diménsio_ns (m2) one tyeek later (blinded to the first result)
' revealed r=.98 for pearson corr_e_lation coefﬁcient. Clearly the nreasuring process is

' ‘highly reliable.

Calculating the Error in Determmmg Lesion Size.
The d1str1but10n of the differences (D = ml - m2) between the first (ml) and the second

» (m2) measurements of the 51 dimensions descrlbed earher in this appendix can be used
to determine the error in measnring lesion size. _TWo standard deviations of'_thjs
distribution of differences represents the error term for either set of measurements (m1 |
or m2)within 95% confidence limits. For the 51 naeasnrements-the standard deviation |
(s) = .85mm.- ‘. |
By using the mean of the 2 measurements ( (m1 .+. _mz) /2=M )as the best'estirnate of
the size of ‘the given dimension (as opposed to n11 or m2) the error term is halved. For
this study the average of 2 measurements was used as the best estlmate of the actual -
dimension size. Therefore the error term is 1.7 mm/ 2= 85mm. In other words the | |
best estimate of the size of a given dimension is the mean of the 2 meaSurenients +/- .85 ,

mm ( 95% of the time).
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Determination of the Signiﬁéance of Individual Changes in Size of CT Scan Dimensions.

: For' each lesion with initial and fo]ldw—up CT scansvayaﬂable to the study maximal
WIdth and maxmml deptﬁ Were ﬁleasuféd twice 6n each CT scan (the éecond |

‘ mevasiurement being ﬁade 1 week fo]lowing the ﬁrst and blinded to the result of the -
ﬁrst).. The averége of the 2 méasureﬁients for each din1énsib¥1 on each CT scan was
used as the final value for width (W) and depth (D). Ea'chi.:.;ubject then haa an 1mt1al W
kand D and a follow-up W and D. If :the .difference between W initial and W final or D
 initial and D final was > .85 mm then'é signiﬁcapi- differencé in'the respective = -

dimension was said to exist (within 95% confidence limits).
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Appendix 4 - Modified Loomer Scale for Overall Clinical Result

The Looiner scale for assessing c]ihical‘results of OLT(2) is useful in that it combines

’ multi.p'le»variabl‘ews into a peor / fair/ geod / excellent result. However it 1s cleaﬂy

designed with surgical patients in mind as it directly inquires about preoperative

symptom persistence and whether or not the subject would consider surgery again.

The Loomer scale is also problemaﬁc in that it is not always' clear into which category

. ub]ects wﬂl ﬁt due to pos51b1e overlap The Modlﬁed Loomer scale (table 7) has been

dev1sed m an attempt to remove any amblgluty regardmg which result to apply to each

subject.

SYMPTOM
PERSISTENCE

' Table 7

Modlf' ed Loomer Scale for OLT

SPORT
LIMITATIONS

1 excellent .| good XXX
| excellent good fair
good fair " | poor

poor.

poor

poor

6 Pain w-m: pain frequency weekly or monthly -
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