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Dear Sirs

Tam wntmg in response to the notice published Monday 21% May 2001 regarding the Clinical
Development Program for Drugs, Biological Products and Devices for the treatment of
Ankylosing Spondylitis (AS) and related disorders (Docket No: 01N-0197). .

Specifically, I write in terms of my role of Medical Director of the National Ankylosing
Spondylitis Society in Britain, Consultant Rheumatologist at the national referral centre; the
Royal National Hospital for Rheumatic Diseases, and member of the international ankylosmg
spondylitis assessment group.

In conjunction with the National Ankylosing Spondylitis Society of Great Britain, we have at
the Royal National Hospital for Rheumatic Diseases some 5,800 patients with ankylosing
spondylitis. - Over the last 15 years, since I left Stanford University, California, I have headed
up a research team focusing on this condition as per the enclosed curriculum vitae. During:
the last ten years one of the main focuses has been that of ankylosmg spondylitis outcomes
research, and response to treatment.

We have published a series of studies, defining the important outcome domains.
Specifically, in each case we have validated outcome instruments, many of which have been
translated into numerous languages. ~ Virtually every study now carried out in ankylosing

spondylitis, world-wide, uses these outcome measurements, both in terms of therapeutic’
studies (e.g non-steroidal antl-mﬂammatory drugs, use of biologics) and genetic studies
relating to the definition of susceptibility and severity gene loci. The self-administered
instruments have been translated into many langnages and re-validated in their own country.

Specifically, we have focused on the following:

BASDALI - Bath Ankylosing Spondylitis Disease Activity Index.
BASFI- Bath Ankylosing Spondylitis Functional Index
BAS-G- Bath Ankylosing Spondylitis'Global Status
BASMI - Bath Ankylosing Spondylitis Metrology Index
BASRI- Bath Ankylosing Spondyht1s Radiology Index
BASRI-Hip (J.Rheumatology in Press)
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(all references highlighted in the Original Articles section'of my C.V.)

In each case these indices have been explored and re-explored and as intimated now form part
of numerous outcomes studies.

In conjunctionwith the ankylosing spondylitis assessment group, we have used these
instruments to assess the relative contribution of the index as a whole, or sub-components of
the index; and have further used these instruments in defining both clinically important

* changes and the definition of partial remission and other relevant issues:

In terms of the key factors raised in yoﬁr notice, I would tentatively comment as follows:
SCOPE

In large part, ankylosing spondylitis can be studied as a whole, allowing for individuals
with ankylosing spondylitis having juvenile onset, psoriatic disease; inflammatory bowel
disease and other components. I believe we have something of a consensus that the umbrella
" term “ankylosing spondylitis” is appropriate. On our own database of 5,800 patients, some
40% have iritis while 14% have psoriatic spondyhtxs and 7 or 8% have mﬂammatory bowel
disease (i.e. enteropathic spondylitis associated with Crohn’s Disease or ulcerative colitis).

In large part our studies have included all sub-groups and we believe that this is to our
advantage, rather than subsetting at the outset.

CLAIMS

BASRI — the Bath Ankylosing Spondylitis Radiology Index — very simply defines
radiological status with four radiographs i.e. pelvis anteroposterior view to include hips and
sacroiliac joints, lumbar spine lateral and anteroposterior film, and a single lateral cervical
film. As per the enclosed C.V and papers you will see that the BASRI index provides data
with a two-year follow up revealing sensitivity to change. Of course, over a shorter period
we would anticipate improvement in terms of metrology, function, disease activity and global
status, but not radiology.

MEASURES OF DISEASE ACTIVITY

1 believe we have a global consensus that BASDALI is a simple, straightforward and carefully
validated instrument that, developed in conjunction with patients, physiotherapists and
clinicians, addresses all aspects of disease activity (please see publication enclosed).

TRIAL DESIGN

Various different trial designs have been used, and depending on the agent selected a
consensus could readily be achieved in terms of the focus on type of statistical analysis in
terms of survivors, intention fo treat, etc. -

INTRINSIC TRIAL DESIGNS
For example, we have:;shown that BASDAI is better as an outcome instrument than the sub-

components making up this self-administered assessment outcome (publication enclosed).
Our own perception is.that at this stage equal weight can be used for all the self-administered
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outcome instruments, although we apprecrate that in terms of radlologlcal change, in a study
over two or more years, different weighting would be required in terms of structured change.

Naturally, our patrents (the 5, 800 individuals on our database) are anx10us to take part in
further evoluuon of this 1mportant approach to deﬁmng outcome.

Ilook forward to have further dlscussrons ‘with you, and would be anxious to play any role
that seems appropriate.

Andrei Calin, N
Consultant Rheumatologist.

Encs

PS: The BAS indices have been pubhshed extensively as outcome Vanables for stndies in
ankylosmg spondylitis with:

1) Non-steroidal anti-inflammatory drugs -
2) Cox-specific anti-inflammatory drugs

3) Pamidrone, Thalidomide etc

4) o TNF/cther biologics
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Dear Ms Walling

“Re: FDA - Docket No: v01N-0197‘ — Clinical Development Program for Drugs, Biological
Products and Devices for the treatment of Ankylosing Spondylitis (AS) and Related
Disorders '

I should be most grateful for any additional information regarding this issue. Ihave prepared
written comments for the Dockets Management Branch, but would appreciate any further
information that you believe should be incorporated to support this submission.

Yours sincerely,
Andrei Calin, MD, FRCP

Consultant Rheumatologist.
Enc.
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:NAME

DATE OF BIRTH _

B PLACEOFYBIRTH -

MARITAL STATUS

IMMEDIATE PAST

 PRESENT POST

EDUCATION

1957-61

1962-65

1965

- 1965-68

1968

1970

1976
1978
1978

1986

:

Andrei Calin MD FRCP
JJanuary 7 1944
Andover, England

Married (August 1973, Jane Weller MB BCh) - -
Three daughters, Tara (bom 9. 779) Sasha and Marisa (born

5.1.83).

Associate Professor of Medicine, Division of lmmunology

Stanford University School of Medicine, Stanford California.

- Chief, Rheumatology Section Medical Servuce

Veterans Administration Hospital, Palo Alto, California 1976 -
1983

‘ Consultant Rheumatologist

Royal National Hospital for Rheumatic Dlseases Bath 1983 -

Honorary Senior Lecturer -
School of Postgratuate Medicine, University of Bath 1995 -

Epsom College Medical.Foundatio_n
Clare College, Cambridge University (pre-clinical studies)
Qualified BA (Cantab) Class 2:2 ’

Guy's. Hospitai ‘Medical Schooi, London University (clinical

" studies)

Qualified MA, MB, BChir (Cantab), LRCF, MRCS (London)
MRCP (UK) |
Diplomate: American Board of Internal Medicine

MD (Cantab)

Subspeciality Boards: Rheumatology

FRCP (UK)
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PRIZES SCHOLARSHIPS AND AWARDS
- 1‘961 - Epsom College Leavrng Award -
: 1962 | ~ Clare College Scholarsh|p
1963 - Scott Polar Travel Award (Atlas Mountains, Morocco)
1‘v964, o Medical - Research Councrl Travel Award Wenner—Gren Anthropologlcal

Research Award
Grant from the Royal Society of London

(The above three for medrco-anthropologlcal investigation and research with the
Ainu Tribe, North Japan.)

1965 Cambridge University Travel Scholarship

Clare College Travel Scholarship (Tropical Medicine, Chagas’ Disease - Brazil)

1965 Guy's Hospital Medical School Scholarship
1966 First Prize Cardiology Clinical Examination
1967 "~ Guy's Hospital Medical School Travelling Scholarship |

Lawrence Atwell Travelling Award to Massachusetts. General Hospital, Boston,
Massachusetts, USA to 'study Neurology (Professors Raymond Adams and
Pierre Dreyfus) and Immunological Aspects of Lymphoma (Professor A
»Alsenberg)

1974 Fulbrlght—Hays Travel Scholarship; Guy’s Hospital Travel Grant
Arthritis and Rheumatism Council for Research (Boots) Award
Back ’Pain Association Ltd Award: (For year at Stanford University)

1995 Margaret Holroyd Prize, British Society of Rheumatology

SOCIETIES: HONORARY AND SCHOLASTIC
1. American Rheumatism Association

2. | British Society for Rheumatology

3.  Brompton Association
4. North.California Rheumatism Association
. 5. Diplomate, American Board of Intemal Medicine, 1976

3




6. _Diplomate, Rheumatology Board, 1977 ~
7. . Feliow of the Royal College of Physmans (United ngdom) .

8; B Chalrman Nattonal Ankylosmg Spondyhtls Society (Umted ngdom)

9; : Intematlonal Society for Rheumatic Therapy

_ COMMITTEES AND EDITORIAL BOARDS

1. Arﬁetican Rheumatism Association: Programme Subcommtttee 19?9
2. Amerioao Rheumatism Associatiot_t: Reiter's Syndrome Criteria. 1986
Subcommitiee . '

3. Editor, Corrtprehensive Therepy, Rheumatology Section 1976-82
4. R | Co-Edttor, Annals of Rheumatic Disease, 38 (Suppl) 1 979 |
5. Editorial Board, Clinical Rheumatology, Belgiutn | ' 1981 -
6. Editorial Board, Advances in Rheumatology, New ‘York 1986 -
7. Editoriai Board, European Journal of Internal Medicine : 1988 -
8. Treasurer, International Society tor Rheumatic Therapy 1988 -

9. ‘Medical and Scientific Committee (Heberden), British Soc1ety for

Rheumatology ‘ : N 1985-88
) 10. "Consultant Steenng Committee, RAD-A-R (Rtsk Assessment of

Drugs -Analysis-and Response) , 1988 -
11. Chairman, Division of Rheumatology, Royal National Hospttal for . |

Rheumatic Diseases, Bath ; _ 1987-90
12. Past Chairman, Therape‘utic & Ethical Commitiee, Stantord

Uni\'/ersityr Medical School 1978-83
13. Past member. Ethics Committee, Royal United Hospital : 1984-89

14.. Editorial Board, Rheumetology‘in Practice - 1993- .

15. Ed’itoriel Board, Scand J Rheumatol : : 1997 -
16. Editor, Rheumatology 2000 | ‘ | t998 -
17. Editor, Rheuma 21 (elec;tronic journal of rheumatology/internet 1998 —
18. Board of Trustees, Community Health UK : 1999 -




19.

20.
21.

Executive Board, Internatigjnél Society for Rheumatic Therapy ISRT 2000 —

 Editorial Board, la lettre du rheumatologue, France . 1995~
Editorial Board, Reumatismo, ltaly . : 1997 -
Lo i
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: -TRAINING AND EXPERIENCE

1968 '- - StBartholomew's Hospital, London ,'

3 mbh’ths ' 7 ReS|dent in thoracic surgery.
1968 Guy's Hospital, London
6 months - House Physician to Dr Charles Baker (cardlologlst) and Dr J Houston

(Dean of the Medical School)
House Surgeon to Mr Sam Wass: (gastro-mtestmal chlef)
~(Only one resident is mvﬁed to stay-on to complete a full year's reSIdency

| at Guy’s)
1969-70 ; Guy's Hospltal ‘London

6 months - Senior House Physician to Professor W J Butterfxeld and Dr K MaclLean
, (general internal medlcme) x

1970 " Ship’s Surgeon
3 months Caribbean Line
1970 | | Royal Post-Graduate Teaching Hospital (Hammersmlth) London
~ 6months Senior House Physician to Depariment of Medicine (Professor C Booth

and Dr C Pallis; Neurology)

1971 . Middlesex Teaching Hospital, London.

3months Registrar in general internal medicine
1971 Brompton Hospltal for Diseases of the Chest, London
6 months House Physician to Professor J Scaddmg (Professor of Medicine,

London University)

1971-72 Guy's Hospital, London

1 year " Registrar (cllnlcal research and teaching. post) to Dr K MacLean
(general internal medicine), Dr R Grahame (physician in the Division of
Connective Tissue Disorders, Rheumatology and Allied Diseases) and
Dr M Abrams (general medicing). First year in clinical rheumatology /

immunology
1972-74 Guy’s Hospital; London.
2 years First two years: of a four year rotating Senior Reglstrarshlp to Dr R

Grahame and Dr H Burry in the Division of Connective Tissue Disorders,
Rheumatology and Allied Diseases (clinical, teaching and research post).
Third year of rheumatology/immunology at Royal Sussex County.
Senior Registrar to Dr C Quinn and B Latham

1974-75 USA
Fourth year in clinical rheumatology/i mmunology at Stanford University
Medical Center. Work included - teaching, patient care and clinical
research. ., (Epidemiological studies, genetic investigation, drug studies
and enquiry into other disease areas.)




197576

106t 1976-

Dec 1983

" Dec 1983

N’

Fifth year “rn “clinical” rheumatologyf mmunology (as fourth year, with

- involvement in Fellowshrp tramlng programme patlent care and clinical

research)

" Assistant Profeesor of Medicine (rmmunology/rheumatology)

Stanford University Medical Center and Chief, Rheumatology Section

‘Medical Service, Veterans Administration Hosprta! Palo Alto, California

Associate Professor of Medicine (rmmunology/rheumatology) Stanford
University Medical Center and Chief, Rheumatology - Section Medical
Service, Veterans Administration Hosprtal Palo Alto California
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A\ Nevv Approach o Deﬂnmg Funotlona[ Ability in

Ankylosing Spondylitis: The Development of the

Bath Ankylosing Spondylitis Functional Index:

ANDRE[ CALIN, SARAH GARRETT, HELEN WHITELOCK, L. GAIL KENNEDY, JUZLIETTE O'HEA,

PATRICIA MALLORIE, and TIM JENKINSON

ABSTRACT. ‘Objective. After pain and stiffness, one of the most important complaints of paticats with ankylos-

ing spondylitis (AS) is disability. The main aims of treatment are 10 control pain but also to improve
function, Variots methods of assessing: function exist but are either not specific for the disease or
tuve aot been adequately validated. Asa result of this deficiency we developed the Bath Ankylosing
Spondylitis Functional Index (BASFI) ds a new approach to defiaing and monitoring functional ability .
- patients with" AS.
Methods. This self-assessment instrument was designed by a lc.uu of medical prolessionals in con-
junction with patients, and consists of 8 specific questions regarding function in AS and 2 questions
rcﬂccting_[hc'pu(i::m_'s ahility to cope with everyday tife. Each question is answered 0n-a 10 cnt
horizontal visudl analog scale, the mean of which gives the BASFI score (0-10). The questionnaire
was completed 257 times in total: odee by 116 autpaticnts and by 47 inpaticnts on 3 occasions.aver
a 3-week intensive phy\mthcrapy course. In addition, the instrument was compared with the Doubadm
functional index. .
Resutlts. Putient scores covered 95% of the. BASFI range. giving 2 normal distribution of results.
In contrast only 65% of the Dougados functional index scale was used. Furthermore, aver the 3
© week period of inpaueat treatment, the BASFI revealed a significant improvement in function (20%.
= (.004) whilc there was a less impressive chaage in the Dougados functional index (6%. p =
0:03). This demonstrates the superior seasitivity of the. BASFL. Consistency was goad for both indices
(p <0.001). as was the relationship between patient perception of fuaction and function as assessed
by an external observer (p <0.001).
Conclusion. The BASFI satisfies the eriteria required of 2 functional index: it is quick and casy -~
o complete. is reliable and s sensitive o change across the whole spectcum of disease. (fRheumarol

1994:21:2281-3)

Key tndexing Teoms:
ANKYLOSING SPONDYLITIS
FUNCTIONAL lNDEX'

The control of pain and the preservation of function remain
ihe goals of treatment in-ankylosing spondylitis (AS)!. Non-
steroidal antiinflammatory drugs (NSAIDY and physiother-
apy. in the formof specific exercises, are the main methods
of therapy’. However the relationship between diseasc
activity, disease progression and its functional consequences
is. tenuous®. Clinical and laboratory. indicators of diseasc
activity are poor predictors of radiological damages. The
maintenance of optimal function is of paramount importance
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FUNCTIONAL ABILITY
VALIDITY -

(o the paticnt, thus any mcthod of assessing. function must
be clinically relevant and refiect the patient’s point “of
views, )

The, ideal seif-administered instrument should satisfy
validity criteria: content {the choice and relative importance
of each componcm is appropriate for.the purpose of the
mdex] face [the methods of weighting and aggregating com-
ponents into_ an index are ‘sensible]; criterion {the index
produces consistent results that reflect the true clinical state
of the patient}; discriminant {the index detects the smallest
clinically significant differences between and within patients];
construct {the index agrees with expected results based on
the hypothesis of the investigator]s. The index should be
reliable, reproducible and reflect the eatire spectrum of the
disease, in addition to being quick and simple. A number
of self-assessment instruments for measuring function already
exist, including the functional index produced by Dougados,
et al which is widely used’. However, although validated,
the index has a number of weaknesses such as its scoring
system, which affects both sensitivity and score distribution.
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“in their 1 instruction. We ‘have'theréfore deve
AS Functional Index (BASFI) as a new approach to defin-
mg and momtormg functional abllxty in patlcnt.s with AS.

MATERIALS AND METHODS

The BASFI was designed, through extensive distussion, by a team of rheu-
matologists, physiotherapists and rescarch associates with 4 ‘major input from
paticnts with AS. Inittally. over 20'questions were considered: encompass-
ing a wide range of activitics. Questions which were cither repétitive in
terms of requiring the same movement, or which were ambiguous/naten-
tircly clear to paticnts were excluded. The final version consists of 8 ques-

tions ‘on activities relating to the functional anatomy of paticats. and 2

additional questions that asscss the patient’s ability to cope with ¢veryday
life. The questions; reflect activitics of daily living and inctude: “*putting
on socks ar tights without help or aids™™ “bending forward from the waist
to pick up a pen front the Aoar without an aid™; ~*reaching up to.a high
shell™: getting out of an armicss dining-raom: chair without using your
hands™"; “petting up off the flogr withouChelp from lying on your biack™:
“standing um‘dppuncd far 10.minutes without discomifart”™; climbing 12-15
steps without ustng 1 haadrail or wialking aid™ ““loaking over your shoul-
Tdoing pltysically deatanding activities
2 und “doing a full

der without turaing your body
(c.g.. physiotherapy exercises. spoas and pardéning)”
day’s activitics whether at hame orat work " (Figure t}. The questions are
siaple to understand. specific in relation 6 2 particular action and relevant
to assessment of funcuon in AS.

Each question is answered ona 10 em visual analog séale (VAS). as this
improves both the sensitivity of the tndéx to change and its capacity: 1o elicit

"a rangce of respanses across the entire scale. The VAS have o distingutsh-
ing marks, in accordance with prévious work®, the (mly guidelines. being
the words “"Easy™ and ““lmpossible™ at either cad of the linc 1o indicate
the direction of severity (Figure ). The mean of the 10 scales. gives the
BASFI score (0-10). .

A tatal of 163 paticets ook par i the stedy (47 consceutive. inputicnts., |
on an intensive J.week physiatherapy course 2ad {16 randomly wlecied
outpaticnts). The paticats included. in the study reflect the whaole range of
discase {rom carly AS to established late discase. The BASFwas unalyzed
in termis of all validity criteria and was compared with @ published. func:
tional index (Dnugndasf. The 0-40 scoring system of the latter was con-
verted 1o a 0-10 scale for case of comparisoq. All 163 paticaty were given
bath indices und a direet comparison was made., using the 149 patients who
fully. completed the questionnsices. Both the BASFE and Dougados func-
Liogdl index were completed by 30 inpatiénts atihe start, 2nd day and end
of the 3-weck periad of physiotherupy. To assess reproducibility. of the 2
indices, tnpaticnt scores taken 24 hours apart (Day 0 and Day I of treat-
ment), at about the same time of day. were compared. An external valida-
tion of both indices wag performed on 20-of the inpaticats. On completion
of 8 specific tasks by cach of the paticnis, 2 ﬁhysimhcmpixls independently
scored the refevant questions of the BASEE and the Dougados functional
index. The paticats completed the qucsuonnd(rcs scparately. Finally. sen-
sitivity to change over the 3 weeks of intensive physxolhcrapy was analyzed
for both indices by comparing the inpaticat scares on Day 0 and Day 18
of treaument.

The analyses were carried out using the UNIST AT statistical software
on an 1BM cempatibie PC. Correlations were performed using the Pearson
correlation coefficient and analyses of difference using the Kruskal-Wallis
one-way ANOVA and the Wilcoxon ranked- sign test. '

RESULTS

The ‘mean age of the 163 patients (123 men : 40 women -

a 3.1:1 ratio) who completed the BASFI and [¥sugados func-
tional index was 47.7 (SD 11.13; inpatients: 47.12, out-
patients: 47.32), with a mean age at disease onset of 23.0

(SD.8.07; inpatients: 23.8; outpatianS' 22.7), and-a mean - -

‘disease duration of 24.7 years (mpatxcnts 23,2, outpatients:
24.6).

The BASFI and Dougados functional index took an equiva-
lent amount of time to complctc Uoo's maximum) and no
preference was expressed for either instrument by the
patients, Howcvcr the distribution of the BASFI scores was
superior to that of the Dougados functional index: range

0-9.5 (mean 4.03, SD 2.16) comparcd to 0-6.5 (mean 2.58,
SD.1.68), respectively (Figures 2 and 3).

In a .comparison between the BASFI scores of hospital
inpaticats and those of the outpaticats, the mean BASF scare
of the former was significantly higher tharn that of the later
[hospital patients: mean score = 5.06 (SD 2.0} vs outpaticnts:
mean scoré = 3.55 (SD2.0):p <G.OOI]. The mcan score
for the Dougados functional index was also higher among
the inpaticnts than the outpaticnts [mean score = 3.36 (SD
1.56) vs mcan score = 2.29 (SD 1.62); p = 0.001].

The reproductbility of both tnstrumients was good in ters
of consistency of inpatient scorcs taken 24 h apart at the samie
timic of the day (BASFIL: mcan attime zero = 5,19 (SD 2.05)
vsmean at +24 bk = 526 (SD1.93): r
Dougados FI: mcan ime 4t zero = 3.46 (SD 1.52) vs mean
at +24 h = 3.46:(SD 1.55); r = 0.96, p <0.001).

An cxternal validation of the BkASFl demonstrated paticnt

‘und. abserver scores (o be reliably coasistent (mean Patient

score = 2.76 vs mean Obscrver A'score = 2.33 vs mean
Observer B score = 2.65: r = 0.87-0.89, p <0.001). The

- same interobserver consistency was found in the Dougados

FI (mean Paticnt score = 1.93 vs mean Obscrver A score
= 2.29.r = 09, p <0.001).

Over an intensive 3 week treatment period the BASFI
scores improved significantly from a mean of 4. 82 (SD 2.04)
on Day 010 3.75 (SD 2.11) oa Day 18 (p = 0.004: meun
scorc change = —1.07 {19.6% improvement}: range =
=5.15 10 +3.23). The Dougados F1 however, showed no
significant change over the same pcrigd of time (Day 0: mean
= 3.09 (SD [.43) vs Day 18: mcard = 2.77 (SD t.64}: p
= 0.19. mean score change = —0.32 [5.9% improvement];
range = —4.0 w0 +3.0)"

DISCUSSION

The aims of treatmient in AS are to control pain and to main-
tain or improve function, and thus quality of life. Mobility
and function arc improved by physiotherapy and specific
exercise programmes®®. Function is an’ imporant. oulcome
measure in AS. Most of the previous functional assessmenis
have been directed towards patients with peripheral joint dis-
ease, primarily:assessing the function of hands and feet, e,g..
Steinbroker!! and the Stanford Health Assessment Question-
naire (HAQ)". Since AS predominantly affects the spine.
these assessments have only limited value. Generic meas-
ures of health status such as the Sickness Impact Profile’,
Arthritis Impact Measurement ‘Scale'* and the more specific

=0.89.p <0.001.
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EXAMPLE:
‘ - EASY,

N.B Anaidisa @‘iecc ofequibmé’:nt which helps you to perform an action or mavement '

§

‘PLEASE DRAW A MARK ON EACH'LINJE BELOW TO kN’DiCATE YOUR LEVEL OF ABILITY WITH EACH OF THE
FOLLOWING ACTIVITIES. DURING THE LAST WEEK:

IMPOSSIBLE

1) Putting on your socks or tights without help or aids (e.g sock aid)

- IMPOSSIBLE
Lo -

EASY

- EASY

2) Bending forward from the waist to pick up a pen from the floor without an aid

IMPOSSIBLE

EASY

3) Reaching up to 2 high shelf without help or aids (e.¢ helping hand)

IMPOSSIBLE

EASY

4) Getting up out of an armiess dining room chair without using your hands or any other help

IMPOSSIBLE

5) Gettirig up off the floor without help from lying w your back

EASY

IMPOSSIBLE

EASY

6) Standing unsupponted for 10 minutes without discomfort

IMPOSSIBLE

7} Climbing 12 - 13 steps without using a handrail or walking aid  Que foot on cach step

EASY

IMPOSSIBLE

8Y Laoking over vour shoulder without turning your body

EASY

IMPOSSIBLE

9) Doing, physically demanding activities (e.g physiotherapy exercises, gardening or sports)

EASY

IMPOSSIBLE

10) Doing a full days activities whether it be at home or at work

EASY

. IMPOSSIBLE

Fig. I. A copy of the BASFI.

indices such as the HAQ-S' may not be sensitive enough
to detect change in patients with AS. Indeed the v?{hie of such
functional outcome measures in AS has been questioned by
some'é. However, most physicians are aware of the impor-
tance of function and realize that the main problem of meas-

urement relates to the fact that the present indices are either
inappropriate or insensitive!’.

As a result, recent efforts, such as the Dougados FI7,
have focussed on more specific measures of function regard-

ing AS. This functional index is a valid measure of disabili-

Calin, et al: BASFI
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! thean Score « 2,58

ftedan Score = 2.50

Wormgmry St s SCumw.

Fre 2 Tide: Dopgados tuncrionst indies score dastribution, shiowing the

destrbution of the Doggados Punctiongd index scores waoag B patients

(mcan swore 23N O3 Al sk usedy

Froe 3 Titde BASHD sceve distring

swares oy T panicnis onean score

s sherwog the distributon of BANE t

300, 959 ol wake used 1

ty and consists of 20 questans cnrr&.\pnndmg W activities
of dwhyv Iiving. A score af s given i the task can be ae-
complished without difficatic 1 d it is possible but difficult
and 2 iy mposaible The answers ard added o give
total score of dysfunction The Dougados FEwas designed
by phvsicians with 1 specizhist mterest v AS. Apparendy
there was noanput from physiotherapisiss who are closelw
involved with the monutoniag of patient funcuon, or from
the patents themselves. The impaortance of the patient’s potng
“of view has recently been stressed!?. Other problems en-
countered with this paruculur functional index include the
fact that patients often find the qdcsii(ms difficult 1o answer
without qualification. Many of the qucsti(ms are not specific
cnough in terms of the exactmovement or task required and.
in addition, the index docs not account for the possible use
of help or aids by the patients when carrying out the activities
listed. Furthermore . mavements are seldom imipossible-and
patients can often perform a task by “gcui'{{g round’’ the
difficulty — for example. flexing hips and knees in order
to bend over and pick up an object. These weaknesses tend

Day 0 mean score = 4.82
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©
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Lo 8 bahe BEASED semincnn b chansy over P wech s ol o gL
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to restract the EIESISANTAY and Hs ety o chicd funue of
respotses aoross the seate of dis pariicotar tunctiona? m

dex Contustan b occurs becouse of dostenaied - dathing

such s trousers o pudover, with panents alten subsutgiine

items of clodiine wathowt the scnon perormed bomy s
L. b addibon. sonne of the quostians appead o Be s s
myg rouchiv the siwne functiion ¢ ¢ L palting onahioes and

Uputtmg on trousers he down”and Usleep on vaut

hack ™.

a flight of stwes.” suggestng an clement ot redundaies

“sitdown” and CcrouchT U and run T and b

A further probleos wath the istrument Ties i i seonny

system - Patients are given anlyv 3 choices of answer ot

guestion g vou? ' forcach of the 20 acuvities hsted T
possibilines avadable are ves with no difficulty™. ves
but with dif{'lcull)"" and “no’" The muddic opuon covers
a broad range of possible responses and cannot distinguish
between patients able to fulfdl a wask with minimal difficuliy
and those who can only just manage an actvity. Such a scor-
ing method aiso makes the index refatively insensitive ©
change, since ability with a particular task would have 10
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alter dramancaily in ordcr forar ponse o chaﬂgc-

{t was as'a result of these apparent inadequacies in the cur-
rent methods of assessing function in AS that a team of phys-
iotherapists, physicians, rcscarch associates ‘and patients

- designed a new functional indéx: lht: BASFI. This instru-

ment consists of 10 questions, spccxf'c in their instruction,
considered to be clinically relevantand [o encompass the ap-
propriate anatomy and reflect the overall Tevel of function
of the patient. The questions were answered on a 10 cm VAS
in order to improve -both. the sensitivity of the indeéx and its
capacity-to-make use of the cntiré scale of the index. The
questions relating o specific movements are concise and do
not require further cxplanation: They . spccxfcally cxcludc
the use of help or aids.

The BASFI scores produced 4 normal distribution which
covered 95% of the total scale whereas the Dougddos func-
tional index dsed oy 65 % -of the total range. This skew
was highlighted by the tow mean of the paueat scores:on
the Dougados F1:(2.58). compared to that of the BASFL:
4.03}. As the inpaticnts assessed cavered a broad spectrym
of disease severity, a full range of scores for both indices
would be expected, with a mican score near the anddle of
he scale. The superior score distribution of the BASFI was
temonstrated v almost 50 consecutive inpuiicn(x as well as
wer 100 randorily selected outpaticats and gives. it a dis-
inct advantage over the existing funcliunal' index.

Paticnts did not express a preference for either the BASFI
w Dougados Fl in terms. of time taken to complete them or
wwerall user friendliness. but as cxplained above. some af
hie gquestions i the Dougadaos Flnceded qualificaiion in ordet
o be answered accurately. The reproducibitity of the BASFEI
s highly significant and. in addition. the paticnts” pereep
ion of their level of function accuratcly mirrored that of
"xternal observers.

Any index which is to be used in the dndly>|s of function

weds not oaly to be accurate but also sensitive to change.
Fhe BASFI was shown o be sufficiently sensitive to demon-
tratc an tmprovement in the functional ability of patiénts
wer 2 3 week period of inpatient therapy. This was not
cflected by the Dougados FI. There is an inevitable trade-
f{ between sensitivity (o change and reproducibility: by in-
reasing one, the other is usuaily decreased. This is reflect
‘d in the BASFI where its supcrior sensitivity is balanced
«gainst a lower degree of reproducibility compared to the
Jougados index. However, the high degree of reproduci-
sility shown by the Dougados is primarily a function of its
ow sensitivity, whereas the greatly increased sensitivity of
he BASFI does not result in a comparable decrease in its
eproducibility.

{n conclusxon ‘the BASE satisfies the cncena consxdcrcd'

necessary in the dcsxgn of a functional index. Spccxﬁca}[y
it is quick and easy to complete; is reliable.and is sensitive
to change across the whole spcctrum 'of disease. Moreover,

- notonly does the BASFI satisfy the nwdsfof medical practi-

tioners and their physiotherapy coll«j:agucs. but its clinical
relevance is also heightened by the inclusion of advice given
by patients with AS during its design and subsequent
assessment.
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A New, Validated Approach to Disease Assessment

KIRSTEN MACKAY, CHRISTOPHER MACK, SINEAD BROPHY, and ANDREI CALIN

. Objective. To develop a reproducible and simple
radiologic scoring system for the :spine in patients with
ankylosing spondylitis (AS): the Bath Ankylosing Spon-
dylitis Radiology Index for the spme (BASRI-S)

Methods. Radiographs of 470 patients thh AS
_ were scored using: the New York criteria for the sacro-

iliac joints and, similarly, grading the lumbar -and-
cervical spine ori a scale of 0—4 (for normal, suspicious, ‘

mild, moderate, and sévere). These 3 scores were added
together to produce the BASRI-s score (scored 2-12).
Radiographs of 188 patients were used to test reproduc-
ibility. Blinded radiographs of 89 non-AS patients were
included, randomly, to assess dlsease specificity. Sensi-
tivity to change was assessed. usmo 177 radiographs
from 58 AS patients.
Results. Intra- and i‘nterobserver variation
showed 75-86% and 73-79% complete agreement at all

© sites, respectively. Specificities of 0.83-0.89 suggested

that the lumbar dnd:cervical spine BASRI scores were
disease specific. Sensitivity to change became apparent
at 2 vears (P < 0.001). Using a lateral view and an
anteroposterior view of the lumbar spine was more
sensitive than using a lateral view alone, Grading a set
of radiographs (sacroiliac joints, lumbar. spine, and
cervical spine) took 30 seconds. .

Conclusion. BASRI is-a reliable method for grad-
ing radiographic changes in patients with AS. It is
disease specific, sensitive to change, valid, simple; and
rapid to perform.
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Ankylosing spondylitis (AS) is a chronic. progres-
sive condition with fluctuating disease activity. A num-
ber of measures are used simultaneously to monitor
outcome (1-10), and these are fundamental in assessing
the natural historv of AS and the effectiveness of specific
management strategies in terms of outcomes research
(11). Characteristic radiologic dmn"e is essential for the
diagnosis of AS and is.considered the “gold standard™
for disease status. but littie work has'been done to assess
disease progression in radiologic terms. Radiographs
have the advantage over other measures of being objec-
tive and uncomplicated by diurnal variation (12).

No classification defining global radiologic
change in AS exists. The New York (NY) criterii for AS
include the only widely accepted radiology measure
specific for the disease. but this refers purely to the
sacroiliac (SI) jointg (13-13). The Rome Criteria use thie
presence of radiologic sacroiliitis to diagnosis AS but
ignore the rest ol the spine (16). End-stage cervieal and
lumbar spine disease ‘may be readily recognizable in
terms of a “bamboo spine.” but less severe chinges have
not been adequately described. A number of svstems for
scoring some part of the spine in AS have been pub-
lished (12,17-20). but these are not used widely. None of
them score the whole spine. Some have poor reproduc-
ibility. are insensitive to disease progression. and are
slow to use (21). All ignore the posterior structures of
the spine. classifving those who have only posterior

element fusion as normal or as having “mild” radio-

graphic changes when in fact the spine may be com-
pletely fused (see Figures IA and B and Figure 2).

The Bath Ankylosing Spondylitis Radiology In-

dex for the spine (BASRI-s). a new radiologic scoring

system, was designed to address these problems. This
report describes the BASRI-s, its inception. and its uses.
Radiologic changes in the hip have specifically been
excluded from this study, since those AS patients who

develop hip disease represent a small. distinet subset of
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Table 1. Bath Ankylosing Spondylitis Radiology Index (BASRI) for
the spine® Lo :

Systemm applies to both the lumbar and
) " the cervical spine

Score Grade (grade each as 04y
0 Normal No change
-1 Suspicious No definite change . .
2 Mild Any number of erosions, squaring, or
sclerosis, with or without
: syndesmophytes, on ‘=2 vertebrae
3 Moderate Syndesmophytes o =3 vertebrae, with
" or without fusion involving 2
vertebrae
4 Severe Fusion involving =3 vertebrae

* For the lumbar spine. examine both the anteroposterior and lateral *

radiographs together. The score for the lumbar spine-is a composite of
the 2 views. If. as in Figures 1A and B, one view shows syndesmophytes

“and fusion but the other view shows lesser changes, the overall score

will relate to the view showing the more significarit change. This system
applies equally to the cervical spine, but only to the lateral radiograph.
See Figures 1 and 2. '

patients whose disease occurs at a younger age (22-26).
An. index documenting radiologic hip change is being
developed.

PATIENTS AND METHODS

A consensus approach (27) was used.to determine.a
suitable scoring system for radiographs of patients with AS.
Radiographs of 470 patients who- had been diagnosed accord-
ing to'the NY criteria were scored openly and assigned to 1 of
5 severity grades based on the NY grading of SI joint disease
(0 = no disease, 1 = suspicious for disease. 2 = minimal
disease, 3 = moderate disease, and 4 = severe disease). The
radiographs used were an-anteroposterior (AP) pelvis film, AP
and lateral lumbar spine films, and'a latéral cervical spine film.
The SI joints. lumibar spine, and cervical spine were each
assessed separately. The lumbar spine was defined as extend-
ing from the lower border of T12 to the upper border of 51,
and the cervical spine as extending from the lower border of
C1 to the upper border of C7.

The discriminating features of each radiologic severity
group were defined and used as the basis to describeé a method
of assessing the severity of radiologic change in AS. The system
was then repeatedly tested in a blinded manner by 3 experi-
enced readers (KM,-CM, -and AC) and modified openly on
several occasions before the final format was determined.
Rules for scoring the lumbar and cervical spine are shown in
Table 1. The NY criteria were used to score the SI joints (15).

To assess whether an AP or lateral radiographic view
was more appropriate for scoring the lumbar spine, 58 sets of
lumbar spine radiographs with both AP andlateral views were
scored using 1) the AP view alone, 2) the lateral view alone,
and 3) the AP and lateral views combingd. Semsitivity and
specificity for each view was determined and compared with
the score obtained with both radiographic views. ‘A similar
process was used for assessment of cervical spine radiographs.

MACKAY ET AL

Following definition of the scoring system, radiographs

of 188 consecutive patients with AS and 89 without AS were.

scored ‘randomly and blindly by the 3 readers to validate the
BASRIL. The mean (:SD) age of this AS population was
44,5 = 109 years, and the sex ratio was 3:1 (males:females).
Two. hundred:sixty-three SI.joint, 160 lumbar spine, and 145
cervical spine radiographs from the AS cohort were scored,
assessing intra- and interobserver variation. Because these data
were nonparamettically distributed, tending, with increasing
disease’ duration, to cluster ‘toward a higher score (worse
disease), a kappa statistic was used to determine the signifi-
cance. of the intra- and interobserver variability:

Sensitivity to change over time was determined Dby
scoring serial radiographs of*58 patients, assessing 177 time
intervals of 1. 2. 3, and 4 vears. Radiographs were obtained on
2 accasions 12. 24, 36, and 48 months apart. and were available
in 20, 31, 28, and 23 cases, respectively. The mean time from
diagnosis of these 58 patients was 18 years (range 0-34 years).
All radiographs were blinded as to the name and date of the
radiograph, and a Wilcoxon signed rank test for nonparametric
data was used to determine the earliest point at which sensi-
tivity to change became apparent.

The specificity and positive predictive value against
other rheumatic conditions was assessed using 303 radiographs
from the AS cohort and 78 radiographs from the 89 non-AS

patients. Radiographs of non-AS patients were interspersed

with the AS patients films, such that readers were unaware of
the diagnosis. A cutoff of grade 2 (definite) disease was used.
and all radiographs were then classified into 1 of 2 groups:
those with and those without AS changes. The Sl joints were
not viewed at this point.

The non-AS cohort we studied consisted of consecu-
tive outpatients who were attending the Royal National Hos-
pital for Rheumatic Diseases. a tertiafy referral center. and
who had had cervical or lumbar spine radiographs obrained for
evaluation of svmptoms. Their mean (=SD) age was 379 =
16.8 years, and the sex ratio was 1:3 (males:females). This

" cohort included 41 patients with rheumatoid arthritis. 21 with

mechanical back pain. 10 with fibromvalgia. 10 with osteo-
porosis, and 7-with psoriatic arthritis.

RESULTS

Lumbar and cervical spine: which film should be

‘used? Using 58 sets of AP and lateral lumbar spine

radiographs. 3 scores were derived as described above.
This-third, or combinaticn, score differed from the AP
or lateral scores if syndesmophytes or fusion were secn
at different levels on each projection. This occurred in 3
of the 58 patients. The “combination” score differed
from the AP score alone in 9 of the 58 patients (15.5%)
and from the lateral score alone in 21 (36%). Overall,
the use of 2 projections changed the score 46% of the
time. Assuming that the combination view. gives the

truest assessment, the sensitivity for the AP view alone s .

0.83 and that for the lateral view alone is 0.73 (see
Figures 1A and B).
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A

B

Figure L. A, Anteroposterior (AP) and B. lateral radiographic views of the lumbar spine of an ankyvlosing spondylitis paticnt.obtained on the same
day. Syndesmophytes and fusion can be seen in the AP view but not.in the fateral view. In.a scoring system that uses only the fueral radiograph.

the findings on the film in B could be classified as normal,

In the cervical spine. this situation was not evi-
dent (see Figure 2). Only 20 cases were available in the
population studied, since AP views of the cervical spine
were rarely taken. The AP view influenced the overall
score only once. .

Validation of the BASRL [niraobserver variation.
Two hundred blinded SI joint radiographs were assessed
twice by a single observer, with 86% complete agree-
ment, giving a kappa score of 0.69. Résults for the
lumbar and' cervical spine were similar. with kappa
scores of 0.63 (75% complete agreement) and (.73 (814

complete agresment). respectively (see Tables 2 and 3).
The main errors were reading the SI joints as grade 3
rather than grade 4 in 12 of 200 cases (6% ). scoring the
lumbar spine as grade 4 rather than grade 3 in 7 of 97
cases (76). and in distinguishing suspicious {grade 1)
from mild-(grade 2) disease in the cervical spine in 3
cases. Variation of >1 grade occurred only twice when
scoring the lumbar spine and never when scoring the SI
joints or the cervical spine:

Interobserver variation. Reproducibility berween 2
readers - was assessed wsing 263 SI joint radiographs




Figure 2. Cervical spine radiograph, showing: fusion of the posterjor
elements but no anterior fusion. Any scoring system that ignored the
posterior elements would classify the findings on this film as normal.

scored by each assessor -on separate occasions. There
was 78% complete agreement between observers, with a
kappa score of 0.55. The 160 sets of lumbar spine
radiographs used reached 73% complete agreement (x
= 0.6%), and the 145 cervical spine radiographs reached
79% complete agreement (x = 0.69) (see Tables 2 and
3). Both the lumbar and cervical spine scores outper-
formed the established NY criteria for SI joint assess-
ment. Considerable difficulty in separating grades 3 and
4 existed in SI joint assessment (8 occasions), ‘while

Table 2. Summary of intra- and interobserver variations at the
various skeletal sites scored as part of the Bath Ankylosing Spondylitis
Radiology Index

Intraobserver Interobserver

variation variation
Complete . . Complete
agreement Kappa agreement Kappa
Skeletal site (%6 statistic (%) statistic
Sacroiliac joints 86 069 = 78 055
Lumbar spine 75 0.65 73 0.64
Cervical spine 81 0.73 ) 9 0.69

E |
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Table 3. Kappa statistics and strengths of agreement

Kappa B

statistic ‘ Strength of agreement
<0.2 : : Poor agreement
0.2-0.4 [ Fair agreement
04-0.6 ) : Moderate agreement
0.6-0.8 o Good agreement
0.8-1.0 ) Very good agreement

distinguishing mild from suspicious disease was the main
problem for the lumbar and cervical spine scoring (5
occasions). Discrepancies of >1 grade occurred while
scoring the SI joints in 3 of 263 films, the lumbar spine
in 5 of 160 films, and the cervical spine in 10 of 145
radiographs. »

Disease specificity. Specificity for the lumbar
spine was 0.89, and that for the cervical spine was 0.83.
The positive predictive value for the lumbar spine was
0.97, and that for the cervical spine was 0.95.

Sensitivity to change. Using Wilcoxon's signed
rank test for nonparametric data. the BASRI-s demon-
strated a significant change in radiologic score (P <
0.001) at 24 months for the SI joints. the lumbar spine.
and the cervical spine. Whete the time interval between
radiographs- was. 12 ‘months, 306 of cases showed
changes of at least | grade within this period. but this
was not statistically significant (P < 0.07).

Scoring speed. The mean time taken to score 1 set
of films (SI joints, lumbar spine. and cervical spine) was
less than 30 seconds.

DISCUSSION

Any measure that documents disease status must
be reproducible and sensitive to .change. It should,be
disease specific and have both face validity and predic-
tive validity (11). To be clinically useful, it needs to be
easy-and quick to use, with few training requirements.
The usé of standard measures is éssential to allow
comparison of results between clinical studies (28). This
is illustrated well in the rheumatoid arthritis literature by
the frequent use of radiologic grading systems, such as
the Larsen and Sharp scores for the hand and the ACR
(American College of Rheumatology) response criteria
or EULAR (European League Against Rbeumatism)
Core Data Set (29-32). Using these criteria in epidemi-
ologic studies can improve knowledge of disease and set
a standard against which new treatments may be as-

sessed. Knowledge of the natural history of a disease= =

such as AS, which has an unknown etiology. can provide
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insights into causal factors and provxde patxents with

prognostic' information and expectatlons (33). Distin-
guishing between markers of disease activity and those

that attempt to measure damage and function is impQr-

tant (11). The BASRI was designed to fill'a perceived.

gap in the range of outcome measures. for AS.
Given that the NY criteria for the SI joints are

well established, they were mcorporated into the BASRI

without change. To gain credibility, any newly developed
score needs to perform as well as these criteria, and we
have used the performance data for the NY criteria as
the “gold standard.” The BASRI was reproducible, with
intra- and interobsexrver variations equivalent to or bet-
ter than those of the NY criteria. The main problem for
grading the lumbar and cervical spine was distinguishing
suspicious disease from mild disease on 5 occasions
because of difficulty in determining whether squaring
was present. Difficulty in distinguishing between grades
1 and 2 was not seen with the SI joints because bilateral
grade 2 or unilateral grade 3 sacroiliitis was part of the
entry criteria for the study. A potential method of
overcoming this problem for the spine would be to

measuré each vertebra individually to determine the .

presence or absence of squaring compared with the
population mean, as done in the method described by
Ralston and. colleagues (18) However, this would con-
siderably increase the time taken for scoring, thereby
reducing the clinical usefulness of the BASRIL

The lumbar and cervical spine were shown to be
disease specific, but the SI joints were excluded from this
part of the study because the presence of sacroiliitis (as
part of the NY criteria) was one of the entry criteria for
the AS cohort. Since only 7 of the 89 non-AS cohort had
psoriatic arthritis, further work is under way to deter-
mine whether the BASRI would be able to differentiate
AS patients from those with Reiter’s disease or psoriatic
arthritis.

Little information has been available regarding
radiographic sensitivity to disease progression and the
frequency with which repeat radiographs should be
performed. The BASRI was found to be sensitive to
change over a 2-year period, which suggests that radio-

graphs at intervals of <2 years, for either routine or-

study purposes, are not warranted. The radiographs in
the study were blinded for the date, confirming that the
BASRI could determine “forward progression” (i.c.,
could identify the earlier of 2 radiographs performed on
the same individual).

Other radiologic scoring systems fer the lumbar
spine have used a single lateral radiograph to grade
radiologic change (12.19). Although classic radiologic

N’
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features can be seen on this view, some changes, such as
syndesmophyte formation and fusion between vertebrae,

" can be missed. The score generated using the AP view

alone differed from the combined score (using both the

AP and lateral views) 15% of the time but less frequently
than with the lateral view alone, which differed 36% of
the time. The best screening view for assessing the
lumbar spine appears not to be the traditional lateral
projection, but rather, the AP projection. If grade 4
change is seen on this view, no further radiographs are
required, but if lesser disease is.evident, then both the
AP and lateral views are éssential to define fully the
severity of change. This did not apply to the cervical
spine. The. combination of views therefore used to
determine the BASRI for the spine was: a lateral
cervical spine. an AP and lateral lumbar spine, and an
AP pelvis. '

The use of the AP lumbar spine radiograph does
increase the radiation dose slightly: A lateral lumbar
spine radiograph incurs a dose of 19.0 milliSieverts
(mSv). the addition of an AP lumbar spine radiograph
increases the dose by 7.0 mSv (34).which is equivalent to
the radiation exposure incurred during a transatlantic
flicht. The total radiation exposure for AP pelvis and AP
and lateral lumbar spine radiographs is 31.3 mSv (34).
No data are available for the cervical spine. but the
nearest comparable examination would be a lateral chest
radiograph. incurring a dose of 0.66 mSv (34). The risk
of death from a fatal cancer following a lumbar spinc
radiograph is ~1:10,000'(35). The risk of dving in a road
traffic accident in 1 year is 1:8.000 (33).

) The thoracic spine has not been included in the
BASRI-s because of technical difficulties and excessive
radidtion exposure. The scapulae and ribs tend to overlie
the vertebrae, making a good view impossible. So, it is
difficult to produce a well-penetrated radiograph. Lung
disease will'also add to any difficulties because the lungs
overlie the thoracic spine in the lateral position. At-
tempts to improve the penetrance will increase the
radiation exposure by an amount that is dependent upon
the individual (e.g., muscle thickness affects penetra-
tion). Standard radiographs (as used by Larsen for other
conditions) (29} have not been used since there are no
available “gold. standard” radiographs in AS. The
BASRI was compared with the only other available
index (21) and. was found to be more reproducible,
equally sensitive to change, and easier to use. Larsen
scored only the hips in AS but found less reproduc-
ibilitv than in other diseases, perhéps because new bone
formation occurs in spondylarthropathies. He suggests
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that his index should be used with caution in these
conditions (29).

The BASRI was easy to use and to exp{am The
mean time taken to score a set of radiographs for, 1

subject was <30 seconds, and the tequired training was.
minimal. Cross-sectional data generated using the orig-

inal cohort of 470 patients suggest- that the disease
ascends with time (36), which is consistent with many
earlier studies and supports the instrument’s face valid-
ity. Additionally, these data suggest that radiology may
help in defining subgroups of patients, especially if used
in conjunction with a variety of other indices. Studies
using longitudinal data to confirm the validity of the
BASRI as a prognostic marker are in progress. A pilot
study investigating the relationship between metrology
and an earlier version of the BASRI revealed a good
correlation between the 2 scores (37). Following from

this, the relationships between radiology, metrology, -

function, and disease activity (3—5) are currently being
investigated.

The BASRI, as described above, is.a modified
version of studies previously published in abstract form
(38), involving the entire axial skeleton, including the
hips. Further work has since been undertaken delineat-
ing the spinal score, or BASRI-s, allowing for a ‘more
precise interpretation of the grading system, and this
system has been compared with other available radio-

logic scoring systems (20,21). The present study uses a

separate cohort of patients from those used in the

previous studies and was undertaken to validate the

BASRI-s in.a new AS population.

Hip changes have not been included in' the
BASRI-s because patients who develop hip disease
appear to represent a distinct subgroup. Hip arthritis is
associated with the age at disease onset, occurring at a
younger age. Ascending spinal disease seems to be a
product of time—the longer the disease, the greater the
spinal change (22). The majority of patients with hip
disease have developed some radiographic change by the
age of 23 (23). In a prospective study begun in 1947, 150
war veterans with. AS were followed up for 33 years.

Peripheral joint disease occurred early, and those whose .

hips were normal after 10 years of AS did not subse-
quently develop hip arthritis (24). Other evidence has
shown that hip disease is associated with a more severe

outcome. Amor and colleagues (25) include hip arthritis

as 1 of 7 entry variables correlating with disease severity
(odds ratio 22.85; 95% confidence interval 4.43-118)
(25). Because hip disease affects.only 18487% of the AS
population (22), the use of a giobal score (BASRI-g) for
every AS patient, with a maximum score of 16 rather

N

than 12, may inappropriately dilute the score of the
majority of AS patients. Those with severe, or grade 4,
spinal disease without hip arthritis would rate only 12 on
a 16-point global scale despite having a bamboo spine,
poor metrology, and poor funetion: It may be better to
grade these. populations separately, using the BASRI-s
for one and the BASRI-g for the other.

To maintain simplicity, the BASRI does not pick
up minor radiologic change. The score does not change
with each additional erosion."Evidence of squaring or
sclerosis will always: remain grade 2. or mild disease,
until fusion between 2 vertebrae or the presence of =3
syndesmophytes . is identified. This is because spinal
restriction in patients-without bridging syndesmophytes
may be related to soft tissue inflammation and poten-
tially reversible factors, and therefore should be classed
as mild disease (12,22). As well as scoring the type of
damage that occurs in AS {erosions. squaring, syndes-
mophytes). the BASRI also incorporates the extent of
the involvement (i.e:. number of vertebral levels with
syndesmophytes or fusion). However. it does not differ-
entiate between those with a complete “bamboo spine”
and those who have =3 fused vertebrae. Both score a
grade 4. or severe disease. This definition of severe
disease has been used because fusion of =3 vertebrae
involves at least 60% of the lumbar spine, which limits

“spinal movement significantly. -Our preliminary work

correlating radiology with metrology supports this (37).
but it does mean that the BASRI suffers from a ceiling
effect. However, the same plateau effect and broad
grading system are seen in the NY criteria. which have

.been widely accepted for scoring the SI joints and were

the blueprint for the BASRI

The limited scale of l-4. necessitating talrlv
broad categories of radiologic grade. potentially explain
why sensitivity to change for the BASRI is seen at 2
years. However, it might be that relevant change is truly
slow and can only be seen at 2 years whatever the design
of the index. Thus, the 72-point scale of the Stoke
Ankylosing Spondylitis Spine Score (SASSS) (12) was no
more sensitive to change (21). Unlike rheumatoid arthri-
tis, where erosions tend to occur within the first few
years;progression in AS appears to proceed quite slowly.
Only'35% of a 470-patient cohort (mean disease dura-
tion 21 years, range 2-50 years) developed grade 4
changes in the lumbar spine (36). It is likely that the
majority are diagnosed with grade 4 SI changes because
of the lateness of their presentation. not the speed of the

radiologic change. This lack of radiologic progression to -

severe spinal disease in the majority suggests that the

‘potential ceiling effect is-of little consequence.

MACKAY ET AL
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Various other radiologic scores for AS have been .

pubhshed in the past 10 years (12,17-19). These ‘have
not attempted to define progression in the entire axial
skeleton. The SASSS, as mentxoned above, grades the

lumbar spine alone, using a ‘scale of 0-72. 1t scores the -
~ edges of each vertebral body from the lower border of -

T12 to the upper border of S1, using a 0-3 scale (1 for

.erosions, squaring, or sclerosis; 2 for syndesmophytes;

and 3 for a total bony bridge). The maximum possible
score is therefore 72, which represents a completely
ankylosed spine. The SASSS does not take into account
the posterior elements. This means that a subject with
only posterior fusion would have a low score, and the

Jow SASSS would be inconsistent with the clinical pic-

ture (see Figures 1A and B and Figure 2). Using the
SASSS is slow, taking more than twice the time:of the

"BASRI to grade just the lumbar spine (21). It does not

use the AP lumbar spine film, which we have shown:to
be necessary (see Figures 1A and B). It is less reliable
than the BASRI and is niot sensitive to progression (21).

The Glasgow Radiological Index (GRI) (18-19)
is a composite score. The SI joints are scored using the
NY criteria, but a maximum score of § can be attained
(unlike the NY criteria. the mean of the SI joints is not
taken). The lumbar spine score includes the Vertebral
Concavity Index, which measures the concavity of an
individual vertebra. comparing it with a normal refer-
ence range. If the vertebra is squared. it is scored 1. The
maximum concavity score is 3. In addition. each syndes-
mophyte identified is scored 1, allowing for a maximum
possible score of 12. All 3 scores are added for a
potential total of 25. The GRI applies only to the lumbar
spine and SI joints. It is slow to perform, taking =3
minutes (18). It scores syndesmophytes but not fusion. It
ignores erosions. the posterior elements, and uses only a
lateral radiograph. The followup study (19) evaluated 41
patients at, 5-year intervals. The abstract states that
progressive change was detected. There’was no correla-
tion between the GRI and other clinical and laboratory
parameters, namely. chest expansion, spondylometry,
the erythrocyte sedimentation rate, and IgG levels.

In conclusion, radiology is fundamental to the

diagnosis. and’ tracking the subsequent progression of

AS. Apart from the New York criteria for the SI joints,
no widely accepted radiologic criteria exist. The BASRI,
as a radioclogic classification system, aims to satisfy the
OMERACT (Outcome Measures in Rheumatoid Ar-
thritis Clinical Trials) filter goal: specifically, one aspires
toward truth, discrimination, and feasibidity (39). The
BASRI fulfills these criteria because it is reproducible,
specific, sensitive to change at 2 years, simple and quick

to use, and easy to explain. It is a global index, scoring

the SI joints and the lumbar and cervical spine.
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The.correct reference is.Reveille JO, Bartolucci A, Alarcon GS. Prognosis in systemic lupus erythematosus:
negative impact of incteasing age at onset, black race, and thrombocytopenia, as well as causes of death.

Arthritis Rheum 1990;33:37-48. We regret the error.
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THE BATH ANKYLOSING SPONDYLITIS I PATIENT GLOBAL
- 'SCORE (BAS-G) ©

S D. JONES AL STEINER,* S. L. GARRETT and A CALIN

Royal National Hospital for Rheumatic Diseases, Upper Borough Walls, Bath BAI IRL and *Institute for Health
Poltcy Sludzes, School of Social Sciences, University of Sauthampton, Southampton SOI7 1BJ

SUMMARY

In the absence of an ideal objectwe measure. for assessing ankylosing spondylitis. (AS), self‘ administered measures of disease
dctivity (the Bath Ankylosing Spondylitis' Disease: Activity Index, BASDAI) and function (the Bath Ankylosmg Spondylitis
Functional Index, BASFI) have been developed, in addition to an objective measure of spinal mobility (the Bath Ankylosing

. ‘Spondylitis Metrology. Index, BASMI). However, & more global assessment isalso desirable. We report on the design and
validation of a global measure (the Bath Ankylosing Spondylitis Patient Global Score, BAS-G) which reflects the effect of AS
on the patient’s well-being. A pilot study was performed to-select the most appropriate wording for BAS-G. Using 392 patiénts
with AS, BAS-G’s construct and predictive validity and test-retest rehablhty were assessed. Correlations between BAS-G and
BASDAI/BASFI were calculated, and multiple regression was used to examine the significant correlates. The distribution of the
responses covered the whole scale. As predicted, BAS-G correlated best with BASDAI (r =0.73), followed by BASFI (r =0.54).
The best fitting regression equation included these scales as well as patients’ gender and current age. One week and 6 month
scores ‘were significantly different (P <0.001). Construct validity was good: BAS-G- correlated more strongly with each
component of BASDAI 'and BASFI than with BASMI or with gender. Predictive wvalidity was satisfactory: there was an
improvement (mean = 29%) in in+patient. BAS-G scores over a 2 week treatinent period (P < 0.001). Test-retest reliability was
excellent (I week r = 0.84, 6 months r = 0.93). BAS-G correlates well with both BASDAI and BASFT, suggestmg that.disease
activity and functional ability play a major role in patients’ well-being, wheréas metrology does not. The score is sensitive to
change, reliable; and meets face, predictive and construct vahdxty criteria.

Key worps: Ankylosing spondylitis, Global score, Validation, Well-béing, Outcome.

THERE is no ideal objective mieasure for assessing In this paper, we report on the design and develop-
ankylosing spondylitis (AS). The radiograph is the . ment of a single-item global assessment (the Bath
current. ‘gold. standard’; but X-rays are insensitive to Ankylosing Spondylitis Patient Global Score, BAS-G)

change, expensive, time consuming to perform and whichi reflects the effect of AS on patients’ well-being

potentially dangerous [1]. Thus, subjective measures: =~ over a particular period of time. A firm association

may be better [2, 3]. between BAS-G and patients’ report of disease activity
For example, Hidding et al. [4] found only a negli- and function. is hypothesized, with only 'a weak"

gible discordance between self-report questionnaires ‘association between BAS-G and metrology.

and observed functional disability in patients with AS,

in contrast to patients with fibromyalgia. Further; it PATIENTS AND METHODS

has previously been demonstrated that a single-item In a pilot study, the most appropriate wording

self-assessment indicator is a bétter predictor of out- for the global measure was ascertained. The final

come than assessment by a physician [5]. In recognition question (in. two versions)- asks patients to indicate

of this, two self-administered indices to measure disease the effect of AS on their well-being over the last

activity (the  Bath Ankylosing Spondylitis Disease week/6 months, using a 10cm  horizontal visual

Activity Index, BASDAI) and function (the Bath analogue, scale, where none =0 and very severe = 10
Ankylosing Spondylitis Functional Index, BASFI) (Fig. 1). We chose the periods ‘1 week’ to enable
have beeri c¢reated and validated [6, 7). An objective comparison with BASDATI and BASFI, and ‘6 months’

measure. of spinal mobility, the Bath: Ankylosing because this is often the time between hospital consul-
Spondylitis: Metrology Index (BASMI), has also tations.

recently been developed [8]. However, if clinicians are . . Using-.a sample of 392 patients with AS [mean
to obtdin a. comprehensive summary of the patlent’ current age = 50.7 yr, standard deviation (s.D.) = 12.5],
situation, a self-administered global measure is desir- the BAS-G was, assessed for its variability, temporal
able. " reliability and construct validity. The sample consisted

of 177 consecutive in-patients attending a 2 week
physiotherapy-based programme (mean 1 week

Submitted 24 April 1995; revised version accepted 10 August 1995. BAS-G =5.18; s.n. =_2-37) a_nd 215 respondents to a
Correspondence to: A. Calin, RNHRD, Upper Borough Walls, postal survey of patients: diagnosed with AS (75%
Bath BAIL IRL. response rate; mean 1 week BAS-G = 5.16, s.0. = 2.64).

© 1996 British Society for Rheumatology
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 The Bath Ankylosing Spondyiitis Pa_ﬁc@nt_ .G!obal Score.

(BAS-G)

L Please place a verm:al mark on the scale below to indicate the effect yom'
disease has had on your well-bemg over the 1ast week.

NONE

2. Place a vertical'mark on the scale beiow ktokin.di‘c;ﬁt‘e the effeét your.disease
 has had on your well-being over the last six months.

VERY SEVERE

" NONE

THANK YOU

VERY SEVERE

FiG. 1.—The Bath Ankylosing Spondylitis Patient Global Scote‘(BAS-G).

Respondents reflect the: whole range from carly AS to

established late disease [7].
_ Correlations between BAS-G: and BASDAI/BASFI
and between 1 week and 6 morith scores, were assessed

for the full sample. Since overall disease status is”

assumed  to- be multidimensional [9], ordinary least
squares (OLS): regression ‘was used to examine the
significant correlates of BAS-G. Initial predictors
included BASDAI, BASFI, gender, currenf age and
age at disease omset. For ease of interpretation,
continuous: variables in the regressmn analysis were
standardized.

Correlations, OLS regression and analysm of vari-
anice (ANOVA) were used to assess: construct validity
[3]. We hypothesized a stronger associition between
BAS-G and BASDAI, BASFI and ‘each individual
component of the indices than between BAS-G!and
either BASMI, gender or occupational status’ [10]:
Paired #-tests were uséd to assess sensifivity. 1o
change in a representative subsample of in-patients
who completed BAS-G at the beginning and end of the

2 week programme We hypothesized 51gn1ﬁcant

- change in the 1 week question and little, if any, change
“in the6 month question. One-day test—retest reliability
was examined in 40 in-patients.

RESULTS

Responses to BAS-G covered the whole 0-10
scale, for both time frames (Fig. 2). A paired z-test
showed that the difference between the 1 week and 6
month scores. was statistically significant (1 week
minus 6 months, mean difference = — 0.53,
s.E.=0.097, P <0.001), The 1 week BAS-G correlated
best with BASDAI (r =0.73, Fig: 3),. followed by
BASFI (r = 0.54). The best fitting regression equation
(adjusted R?=10.55) included gender, current age,
BASDAI and" BASFI, suggesting that these are the
main “identified components of the BAS-G score
(Table I).- '

Regarding construct validity, BAS-G correlated
more; strongly with each individual component of
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FiG. 2—Use of the whole 0-10 scale by the 1 week and 6 month scores.
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1 WEEK BAS-G v BASDAI (n = 392)

10 + r = 0.73

BASDAI

BASDALI (Table IT) and BASFI (r = 0.30-0.59) than
with BASMI (r = — 0.16) or gender (r =0.09). Of the
five BASDALI items, spinal pain correlated best with
BAS-G (r =0.69), followed by fatigue (+ = 0.66). One-
way ANOVA demonstrated that the association
between . BAS-G and "occupational - status was . not
statistically significant, although it may. become-so
with a-larger sample (P = 0:12). Comparison of separ-
ate regressions of BAS-G. on BASDAI, 'BASFI

. and occupational categories showed that the R? stat-

istics for BASDAT and BASFI (0.51 and 0.30, respect-

) TABLE I }
Results of regression of 1 week global score on relevant correlates
(n =392, adjusted R?=10.55)

Variable Codfficient (5..)
Male ~0.12 (0.08)
Current age —0.08 (0.04)*
BASDAI _ 0.61 (0:04)***
BASFI 0.19 (0.05)***

Male 'is a dummy. varable; all others are continuous and -

have been standardized; *P < 0.05, ***P < 0.001; s.E.=standard
errot. .

o BAS-G )
FiG. 3.—Correlation between the 1T week BAS-G score and BASDAI (r =0.73).

ively) were much higher than the R? for occupation
{0.06). . o

There was satisfactory sensitivity to change, in that
improvement .over a 2 week intensive self-management
programme was expected, and observed, in pre/post
global scores for the week prior to questioning (pre-
course minus posi-course, mean difference = 1.54,
s.B. =031, P <0.001). Overall, there was a 29%
improvement in 1 week scores (70% -of patients
improved; Fig. 4) and a 6% improvement in 6 month
scores."The 24h test-retest reliability- was excellent
(1 week'r = 0.84, 6 months r = (.93).

TABLE 11
Correlations between BAS-G and all components of BASDAI
(n =.200)
. Variable -  Correlation with. BAS-G (r)
BASDAI Total 0.73
Spinal pain 0.69
Fatigue 0.66
Morning stiffness 0.53
Entheses 0.53

Peripheral joint pain 0.38
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: - -HISTOGRAM OF DIFFERENCES BETWEEN PRE- AND POST-COURSE
C aes - BAS-G SCORES (n = 77)

No. PATIENTS
=]

Deterioration

DIFFERENCE (PRE MINUS POST]

MEAN IMPROVEMENT OF 29%

7 8
Improvement

Fii. 4—Differences between pre- and post-treatment BAS-G scores.

DISCUSSION

As concluded by Bakker.er al. [2], health pro-.

fessionals should pay greater attention to the patient’s
point of view. Historically, clinicians have at least
asked their patients the question ‘How have you been
over the last months?. The main purpose of this study
was to formalize this question and to provide health
professionals with'a quick, quantifiable and valid way
to obtain the patient’s perspective and monitor it over
time. Thus, we developed the BAS-G. The secondary
aim. was to examing the relationship. between this
measure of ‘overall patient  well-being and other
measures of specific components of disease 1n patients
with AS.

The BAS-G was assessed for relevant validity criteria
[face, discriminant, predictive (sensitivity to ‘change)

and construct] [11]. Neither content validity nor cri-

terion validity were assessed, the former because the
score resulted from a single question and was not a

composite measure, the latter because there is no gold

standard available. However, construct-validity was
more than satisfied: not only did BAS-G correlate well
with BASDAIT and BASFI but, approprlately, it corre-
lated more strongly with these measurés than with
BASMI or any demographic variable.

Our results indicate that'spinal pain and fatigue have
the most influence on patlents well- bemg Whilst pam
has always been recognized: as the main symptom in
AS, it has only recently been demonstrated that fatigue
is also a major component of disease activity [12] Thus,

intervention to reduce either should result in’ ‘improved

patient perception of healfh.

Several : limitations to this study should be con-
sidered, First, although previous research suggests that
our patients are representative of the whole AS popu-
lation [13, 14]; the possibility of sampling bias must be
acknowledged::It is unlikely that hospital patients and
members of a self-help group are perfectly representa-
tive of people with-AS, some of whom may have-the
disease so mildly that it has yet to be diagnosed.
However, as we would expect the main; application of

. BAS-G' to be in the environment of clinical consul-

tations, this limitation ‘should not-be overestimated.
Second, because it is hospital ‘practice to develop
continually the patient database, we relied on different
sample sizes for these analyses. At every stage, the
analysis utilized the fuilest available data set at that
point {e.g. 77/177 in-patients used 1o ‘test predictive
validity). This should not ‘bias the results since no
differences were found between patients included, and
those omitted, in terms of 2 variety of demographic and
clinical data.

Third, the psychological status of - the patlents
involved in this research was not defined, but would be
likely to increase understanding of what contributes to
patients’ perception of well-being. Finally, it is obvious
that BAS-G cannot stand alone. Itshould be taken as
only one element of a complete assessment of patient
status.

There are two ways for clinicians to consider these
results. The first is to treat them as simplistic and
obvious answers to a simplistic and obvious question.
What can be gained from asking patients to write down
the effect their disease has on their well-being, when the
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physxclan can_ just as easﬂy obtaln an adequate“

‘'verbal “answer? The value of BAS-G, and ‘thus the
second way of con51der1ng these results, is- that
with patients answering the question on-a visual ana-
“logue scale, numerical scores. can be ‘entered into

the medical notes ;to compare with scores ‘at the

previous or next consultation. From a.practical per-
spective, this may be helpful where patients do not
'necessanly consult the same rheumatologist:on each
occasion. The patients should not have access to
previous scores when answermg the question at a later
date.

Theoretically, it- will now be poss1ble to plot the

scores over time to track changes in the perceived effect -
of the. disease on patient well-being.” The most subtle
changes—certainly - changes more ‘subtle than those -

“‘showing up in radiographs or in laboratory tests—
should be detected. We propose the BAS-G ‘as‘a
valuable quantitative  measure; developed: to- aid
the clinician in assessing. how patients’ perceive the
effects of AS on their well-being. BAS-G may also be
a useful instrument in clinical studies. of AS. Further

research could- lead -to an understanding of how

the patient’s perception compares {0 the physician S
assessment. Finally, BAS-G is not disease specific in
content (as-are BASDAI, BASFI and BASMI), and
may thus be- apphcable to ‘other chronic or rheumatic
diseases. ,

In conclusion, we have formalized and validated a
simple question universally asked of patients by clini-
cians. The BAS-G generates a measurable answer in
the form of a numerical score which lends itself to
. subtle comparisons over time. The score records
change where change is expected, is reliable, and meets

face, predictive and construct validity criteria. BAS-G

correlates. well with both BASDAI and. BASFI,
suggesting that disease activity 'and functional ability
play a major role in the patient’s perception of well-
being. The contribution. of pain and fatigue to this
perception is particularly significant, and merits further
study.
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Ankylosing Spondylitis: The Bath Ankylosmg
Spondy!ms Disease Act ivity Index

SARAH GARRETT, TIM ]ENK[NSON L. GAIL KENNEDY HELEN. WHITELOCK PENNY GAISFORD and
ANDREI CALIN

" ABSTRACT. Objecrue Dl\Cd\C status, in terms of disease activity . disease pmgrc.«xon aad prm,nosxs ts difficult
to defise in .mkylmmg spondylitis (AS). Na vold standard ¢éxists. Therefore: the Bath Ank) Immn
Spondylitis Diease Activity Index (BASDAIL). 1 self-administered instruiment, has been developed
a5 A Aew J_ppm‘:ch to defining discuse activity in patients with AS.

Aethads.: The index. destgned bya mu!(idix’ciph'nury teant with faput from paticats. consists of six
1Y e harizoatal visual analog seales o uv..x\un severity of fatigue. spinal and . peripheral joiat
pain. locatized tenderness and murnm«' stiffoess (hath qualitive andiquantitative). The findl BASDAL
scare has a r.m"v. ol 0 o 10. The index was distribuled o a cross seétion of p atients. including
inpaticits ruuvmg 3 wecks of inteastve ph} Siatherapy treatimeat and hospital uu(pmuu\ BASDAI
was completed by v wotal of 154 patients, Validation of the new instrument was achicved dirough
snalysis of uset fricndliness. reliability (consisteney), score disteibution and sensitivity w change.
Compurisons were (“.ldt, with'a previous Buth disease activity index (DM) and the Newcastle Enthesis

fadex.
Reselis. The BASDAI was found by patienss 1o be quick and \unph. to complete (tuean: 67 s). Test-
retest reliability was good-(c = 0,93 p <0001 us was the distribution of scores across the scale
(score range: 0.5~10: mean: 4.31). BASDAI was sensitive 1o change. reffecting 4 16% (mean} im-
provement in inpaticat scores after 3 weeks of treatment. It is superior 1o the DAI in terims of con-
struct and. content validity and to the Enthesis Index in ol aspeets. )
Conclusion. In'summary, BASDAL is user fricndly. reliubility. seasitive w chunge and eeflects the
entire spectrum of discase: {Cis a comprchénxivc self-administered instrument for dssessing discuse
activity in AS. (J Rhewmatol 1994:21:2286-91)
Kev Indexing Terms: «

ANKYLOSING SPONDYLITIS

|
1
|
|
i
!

DISEASE ACTIVITY

SELF-ADMINISTERED INSTRUMENT v VALIDITY
Discase status. in terms of discase activity, disease progres- . activity nor radiological progression. and their use in AS is
| sion and prognosis is difficult to gefine in ankylosing spon- controversial’ In RA- a core set of discase activity measures
dylitis (AS). Fundamental w investigating the natural his- has heen introduced® ?, providing dn advance over previous
tory of the disease is-the assessment of outcome?, for which techniques® @, In"AS. such experience is limited. The

radnolo«y mctmlogy and measures of functional (dis)abil- Newcastle Enthesis Index't and 4 previous Discase Activity
ity arc tools'*. Such measurements of damage and its func- fndex (DA have been described. but these either fuil as
tional consequences should. however, be distinguished front  truc measurements of discase activity or have not been ade-
measures- of discase activity’, Theé assessment of discase quately vatidated. In addition, ncither are fully comprehen-
activity in a predominantly axial disease such as AS is notori- sive, For example. recent research at the Royal National
ously difficult and, as yet. no gold standard exists!*. In Hospital for the Rheumiatic Diseases (RNHRD) has demon-

3

contrast to the situation in rheumatoid arthritis (RA), labora-
tory indicators of disease activity refléct neither clinicat
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strated that fatigue is a major companent of AS for many
patients® and this should now be incorporated into any
measurement of discase activity. A new and comprehensive
index is therefare necessary. To this end, the Bath Ankylos-
ing Spondylitis Diseasc Activity Index (BASDAI). a self-
administered instrument, has been developed. '
Combining irdividual variables. which may have littie

value as single measures, into an index bestows a NUMDE Lo =

of advantages, such as improved validity’, avoidance of
duplicity and increased sensitivity to change®, producing
a more powerful indicator of outcome's, Increased sensitiv-
ity of ‘an index ‘can provide statistical advantages and may
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. —~gubstantiatly -1 uoc1hc‘smc‘of‘thc*rcqmrcd—samp1
stressed by Bombardier and Tugwell'®, measurement in-
dices must satisfy S rccogmzed validity criteria: content (the
choice aad relative importance of each component is appro-
. priate for the purpose of the index); face (the methods of
weighting and aggregating components into an index are sen-

sible); criterion (the index ‘produces consistent results that

reflect the true clinical state of the patient); discriminant (the
index detects the smallest clinically significant difference
between and within patients); and construct (the index agrees
with cxpéctcd results based o the hypothesis of the investi-
gator). A sclf-assessment instrument should be- reliable.

BASDAI

The Bath Ank_vlosing Spoadilitis Discase Acuvity Index

nrse Axtat  féprodifeiblétand Tefléct the entire-spectrunt6T the disease — —~

severity. [t needs, in addition, to be quick and simple to com-
plete. Finally it has the advantage of providing an inexpen-
sive method of obtaining clinical information that can be

safely and frequently repeated.

MATERIALS AND METHODS

The index BASDA! was developed. on the basis of clinical expericnce. by
a team of physno(hcmpxsts. résearch associates and rhcumamloglsxs with
a major input froan paticats with AS. The resulting instcument consists of
& questions: rélating 10 5 major symptoms relevant to AS: fatiguc, spinal

. _paia. joint pain/swethag. accax of ldcalized teriderness and morning sdff-
acss (Figure {). The last is mexsieed in terms of Bath quality (degrece of -

swiffoess) and quaatity (length of timie for which stiffaess persists). BASDAL

PLL:\SL PLACE. A MARK ON EACH LINE HLLO\\' TO INDICATE YOUR ANSWER TO EACH QUI- STION,
RELATING TO THE PAST WEEK.

(1) How would you describe the overall level of fatigue £ (i}rcdncés you have expericnced”

NONE

{2} How would you describe the overall level of AS ngek, b

NONE

- .
' VERY
SEVERE
back or hip pain you have had? .
VERY
SEVERE

(33 How would you describe the overall level of pain/swelling in joints other than neck, back or lups you have had”?

7

NONE

VERY
SEVERE

(4). How would you desceibe the averall level of discomfort you have had from any areas teader 10 1ouch or

pressure?

. . NONE

VERY
SEVERE

{5) How would you describe the overall level of mortvxing‘sliffncss you have had from-the time you wake up?

NONE

VERY
SEVERE

A
(6) How long does your moring stiffiess last from the time you wake up?

hd i — -
—

s 0- ik
“hrs

Fig. 1. The BASDAL

tin 2 or more
hrs

Garrett, et al: BASDAI
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:rcqu(rcs paucms © mdlcatc the dcgrcc to whxch they have cxpcncnccd thcsc

symiptoms over the past week.
Tea centimetre visual analog sca.k.s (VAS) were used to measurc the

paticat's.response to-cach question as they aliow maximum reliability. and .

seasitivity to change.and improve the capacity of an index to-clicit 2 range
of tesponses across the eatire scale. [n'accordance wx(h previous work"
the VAS were unmarked, except Dy the words “*none’™ at the start and “*very.
severe™ at the end of each line. The exception was a 0-2 h time seale (marked
at every.quarter of an hour) used to measure quantity of moming stiffness.
The time scale givea for this mcasurcment was derived from an daalysis
of retrospective data regarding dumtnon of moming stiffuess, in 2bout 2000

- patient questionaaires (unpublished data}; From the range of possible answers

(""over 4 hours™ 16 **do'not have moming Stiffacss™") the mean responsé
was found (o.b¢ 30 miia to 1 h. Thus | h was taken as the midpoint of the
time scale, with 2 or more h béing given the maximum scare.

Each visial analog scale was scored from G ta. 10. The mean of the 2
scores refating to morning stiffncss was taken, providing an aggregale score.
Thus cach symplom is given cqual weighting, The resulting 0-50 score for
the overall index wis coaverted (o-a 0- 10 scule to give the (inal BASDAIL
woce” ‘

A pitat questionnaire wis given to 2 group of paticats oa a 3-week inten-

" sive physictherapy course. Modifications totthe index. such 45 the wording
‘of questions and the inclusion of qualiy of aworning \(:(fnms were made

as 4 resule of patient feedback.

The finat version of the BASDAL was anplc(cd by 4 scts of inpaticnts
(0 =46} on 4 separate occusions during their phy\mthcmpy course: D.xy\
0. 1. 8 and (8. One hundred 4nd cight ather spandylitics, including RNHRD
vutpatients and micmbers of various NASS (National Ankyk)sing Spondy-
litis Society) sclf=help groups aiso completed the instrument. This resulted
in a totat of 292 questionnzires completed by [54 paticots.

As a means of comparison. the carticr Bath DAI'? was given 1o paticnts
cach time they completed the BASDAL In addition, the Newcastle Eathe-
sis lndex ! was carried out by & physiothcrapist an Days 8 aad. 18 of treat-

“ment with 25 inpaticats. Both the DAL and the Newcastle Enthesis Index

scores were converted ta a 0+ 10 scale o enable direct comparison with the
BASDAL.

Usér Tricadliness. test-retest reliability . score distribution and sensitivity
ta.¢change werc zil 2nalyzed for the BASDAL and were compared ta results
{rum the DAL and the Newcastle Enthiesis Index. Reliability was assessed
by testing the correlation between BASDAL scares taken at the same time
of day on Days 0and 1 of the inpatient course; appropaiate use of the scale
was ascertained from the range and mean of scores given by thetowal paticat
papulation (using the Day 0 score for the inpatient cohort): while sensi-
tivity of the BASDA! 10 chatige wag analyzed by a comparisan of mpatient
scores on Day 0 and Day 18 of treatment.

Passibile redundancy within the index was tested for by analyzing the degree
af association between scofcs.,gi\'cn for.cach of the 6 questions.

Analysis of results was carried out using the UNISTAT statistical soft-
warc on an IBM compatible PC. The Pedrson correlation cocfficient was
used 1o perform corrélaxions: the Wilcoxon signed rank test and the Krugkal-

" Wallis one way ANOVA for analises of difference.

RESULTS .
The mean age of the 54 patieats (115 men: 39 women —
a 2.9:1 ratio) who completed the BASDAI was 47.7 (SD

11.29; inpatjents: 47.1, outpatients 47.9), with a mean age

at disease onset of23.0 (SD 7.81; inpatients: 23.8, out-
patients: 22.6), and a mean disease duration of 24.7 years
(inpatients: 23.3, outpatients 25.3). =

The BASDAI was found by patients to be both a quick
and simple index, taking between 30 s and 2 min to com-

plete (mean: 67 s). The index proved to be highly reliable |
in terms of the consistency of inpatient scores measured 24

h apart (Day 0 of treatment: mean score = 5.434, SD Z.38:
Day 1: mean score = 5.438, §D 2.24; r = 0.93; p <0.001).

The capacity of the BASDAI to elicit a range of responses
across the scale was good, with a score range of 0.5-10 from
the whole patient sample (n = 154), with a mean score of
4.31,SD2.12 (Figure 2). The mean BASDAI score for the
inpatieats (5.00) was stgmﬁcantly higher than that of the out-
patients (4.0; p = 0.005). :

All of the individual symptoms showed good score distri-
bution, with scores spread across at feast 95% of the scalc.
Correlations between each sct of syn'ip[om scores ranged be-
tween r = 0.34 (““fatigue’” versus ‘‘joint pain’’) and r =
0.66 (**spinal pain™ versus “‘localized tenderness™). The
correlation between quality and quantity of mornmﬂ suff-
ness was closer: r = 0.79.

The comparison of inpatient scores on Day 0 with those
on Day 18 of physiotherapy showed the BASDAL to be sen-
sitive ta chaage. The mean scores for Days Q and 18 were
5.31(SD 1.74) and 446 (SD 2.21), respectively, reflecting
a significant improvement over this period of treatment

‘(p = 0.009: ecan score change = —0.85 {16.4% unprove-

Number of Patienty

ment}]; range = =4.0 to +2.1).

Mean Score & 1
Mediaa Score 4 26

BASDRL Scoce
Fig. 2. The distribution of BASDAT scores among 154 patients (mean scoe
= 4 31},

Table 1. Comparison of DAl vs BASDAI in terms of the
validity. criteria analvzed

DAl versus BASDAI
Time 75 NS 67
(mean seconds)
Reproducibility r =096 NS r = 0.93
(Day G:vs Day 1)
Score distribution
Mean: 412 : 431
Range: 0-9.5 NS 0.5-10
Sensitivity ’
(Day 1 vs Day 18)
Mean change: -1.22 —0.87
(p = 0.002) NS (p = 0.009)
Range: —6.3-+2.1 -4.0-+2.1
% Improvement: . 22.8% 16:4%
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The BASDAIL correlamd well with the DAL in all aspec[s v

of validity criteria {Table 1). However, a sxgmﬁcamly higher

_number of paucnts (¢ =, 1.21, p 0:009) felt thdt the

BASDAI contained the :most sttitable questions for obtain-
ing information on the symptoms of those with AS. Inpatients
took 2 mean of 75 s (SD: 34.59) 0 complete. the DAI which,
like the BASDAL, was highly reliable (mean.score on Day
0 of treatment = 5.38, SD 2. 29; mean score on Day -1

5.66, SD 2.46:r = 0. 96. P <0.001). Score dxsmbunonv

across the scale was equal 1g.that of the BASDAT (mean score
= 4.12.SD 2.10; range = 0-9.5; Figure 3}, and there was
a good correlation b‘ct'wccn‘[hc' 2 sets of scores (r = 0.75;
p <0.001). The mean inpaticat DAI scare (5. [3) was again
ﬁlgmﬁcamly higher than. that “of the. outpatients (3.79:

= 0.001). The DAI reflected the. sensitivity: to chaage
\hown by the BASDAL. with mean inpaticat scores improv-
ing. from 5.34 on Day O of the 3 week course 10 4.12 by
Day 18 (p = 0.002; mcan scorc change = —1.22 [22.8%
impmvcmcm]:‘i’a'ngc = ~6.310"42.1). There was no sig-

the BASDAI in terms of which questionnaire was the easi-
est to understand and complete, or overall questionnaire
preference.

Among the cohort of 25 inpatients on whoni the Newcastlc
Enthesis Indéex was also carried out. the BASDAL showed
superior distribution of scoces across the scale and greater
sensitivily to. change over 10 days of physiotherapy. The
mean Eathesis Indéx score on Day 8 of treatment was 1.96.
with a range of 0-5.33. compared to a mican BASDAI score

_of 5:06. with a range of 0.83-8.79. Whilc the mean BAS-
DAI scare improved significantly from 5.06 to 4.15 by Day -

18 of treatment (p = 0.009: mean score change = ~0.91;
range = —3.710 +1.66), there was no comparable change
in the Enthesis Index scores over this period (mean scare
on Day 8 = 1.96 vs mcan on Day 18 = .79, p = 0.35;
mean score change = —0.18; range = —1.73 to +1.22).
Reliability of the Newcastle Enthesis Index has alrcady been
shown to be poor'.

"
Mean Seare =4 17
Median Scare = 24 28

Numbar of Pattenta

DAL Score

Fig. 3. DAIL: The distribution of DAI scores among 154 patients (mean score
4.12).

nificant partiality among the patients for etther the DAl or’

D[SCUSSION
The development of the BASDA[ was stimulated by a dis-
satisfaction with existing measurements of disease activity.

. For example, the Newecastle Enlhcsw Index is inadequate.

Specifically, it is very limited in content, focussing purely
on the entheses; and thus does not fully address the range
of symptoms i AS. It exhibits. neither sufficient reliability,
score range, nor scnsmvnty to change. A further (major) dis-
advan(agc bf the measurement fs that it requires a trained
clinician or phycro(herapxst to pcrform the ‘assessment and
is.thus expensive.in terms of time and finance. Likewise.
the carlier Bath DAI is not {ully comprehensive. Specific-
ally. it omits reference to fatigue, quality of morning stiff-
ncss and localized tendérness. . -

Naturally. the components included in any assessment in-
strument are not éxhausl_ivc. but represent only a few of the
possible questions. If there is'a very high correlation between
the respoases to 2 different questions. then the information
obtained from onc question: mirrors that obtained from the

- other (internal rcdundancY)_ Tris _thc_rcforc possible to develop

indices which adequatcly represent a dimension of discasc /

" (c.g. . diseasc activity) without specifically addressing cvery

possible question™. This is an important concept since there
is an inverse correlation between the aumber of companents

included in an instrument and the accuracy of responses

obtained!.

The five components of the BASDAIT were regarded as vitl
in ascertaining a compreticnsive picture of a patient’s dis-
cage activity. Fatigue. previousty overlooked in AS. was in-
cluded in the tight of recent fesearch conctuding that i is
an important dand common symplom in this discasc®. This
rescarch was a direet result of patieat feedback. it was recog-
nized that there are 2 main sources of pain in AS, spinal pain
and pain in peripheral joints. These constitute separaie
symptoms and need to be measurcd as such. Localized
tenderness was inclided in order to assess severity ol enthe-
siis. Morning stilfness was recognized as having (wo xig‘
nificant aspects: not only is the length of time {or which

- morning stiffness persists important, but the degree of st ff-

ness should also be uiken into account. For example, a patient
with only 15 min of stiffness each morning but wha suffers
severe debility during this period is (arguably) as severely
affected as a palich; with stiffness for over 2 h each day but
whao suffers very little reduction of function as a result. The
inclusion of both the quality and quantity of moraing sti{f-
ness does not however give this symptom excess weighting

‘in_the index since an aggregate (mean) score is taken.

None of the individual components of the BASDAI cor-
related closely, signifying that none of the questions in the
index are redundant-and thus vigdicating the inclusion of each
symptom. The highest correlation in the index was, as ex-
pected, between the quality and quantity of morning stiff-
ness (r = 0.79, p <0.001). However, there was sufficient

Garreu, et al: BASDAIL
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noncorrelation to Justxfy the inclusion of both aspccts of thc
symptom (Figure 4)- :

Although, after validation, the DAL showod greater change

over 3 weeks of trcatmcnt than did the BASDAI (22.8 vs
16.4% score improvement; NS), this may.be a result of its
bias towards pain and its inclusion of 4 scale measuring the
patient’s well-being. The scote change is, arguably, more
likely to be a reflection of the effects of the intensive phys-
totherapy program on these aSpects than a gredter sensitivity
of .the DAI to ¢hadge in disease activity as a whole. The
BASDAI does not differ from the DAI in any of the other
_areas analyzcd (reliability, use of the yscalc and user friend-
linéss), but is superior, from the perspective of both patients
and clinicians, in terms of face and content validity, com-
prehensiveness of symptoms-and their weighting. The BAS-
DATI has, in addition, proved to be supertor in all ‘aspects
to the Newcastle Enthesis Index s a measurce of discase
activity. SRR
The difference apparent between the mean scores of the
inpatients and outpatients for both (he BASDAT and the DA

were predictable, since patients on an intcnsive hoxpud! ‘

course would naturally tead to be those with worse discase.
The ability. of the BASDAI to distinguish clinically sig-
nificant differences. in both inter and intrapaticnt responscs

(discriminant validity)? was shown by the total range of

scores among paticnts, reflecting the catire disease spectrum,
and further by the seasitivity of the index to change within
patients. on the 3-weck physiotherapy course. The 16%
{mean) improvenent in the symptoms of those patients after

Quantity of M.S.

[ [ 3 2 B 5 & 7 e 9 10

Quality of M.S.

Fig. 4. Momning Stiffness: The degree of association between the quality
and quantity. v

3 weeks of physmtherapy is likely to. be of chmcal sig-
aificance. Further study is required however into the sensi-
tivity of the index in relation to drug thcrapy This may have
a more dramatic effect on results than did the inpatient pro-
gram of physiotherapy. AI[hough thereis no dxscasc modify-
ing drug for AS (in contrast to the perceived situation-in RA),
nonsteroidal antiinflammatory drugs do have a marked effect
on symptoms and therefore on disease activity. BASDAI
could thus be mcorporatc:d mto clinical pharmaceutical
studies.

[n summary,, BASDAI isa comprchcnsxvc new index for
the measurement of disease activity in AS. It is user friendly.
highly reliable. reflects the entire spectrum of disease and
exhibits the ability o be sensitive td clinical changes. Most
striking is its recognitton'of the five major symptoms experi-
cnced by patients: with AS, some of which have not been
addressed -in previous measurements of discase activity. A
more precise defnition of discase activity will lead to un
cnhanced understanding of outcome and prognosis in ASY.
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'Deﬁning Spinal Mobility in A,nkylc')sing Spondylitis (AS).

The Bath AS Metrology Index

TIM R. JENKINSON, PATRICIA A. MALLORIE, HELEN C. WHITELOCK L. GAIL KENNEDY

SARAH L. GARRETT, and ANDREI CALIN

ABSTRACT Objecnve To determme the most.appropriate clinical measurements for the assessment of ankylos»
ing spondylitis (AS).4nd to develop the new metrology index.
Methods. One hundred and ninety-three individuals with AS were studied. The patxents reflected
the entire spectrum of cases of AS. Metrology was performed on 327 occasions. First the metrolo-
By (20 measurements) of 43 patients was analyzed. From this, 5 simple clinical measurements were
definied which most accurately reflect axial status: cervical rotation, tragus to wall distance, lateral
flexion, modified Schober’s, and intermalleolar distance. These measurements were assessed for
- reliability, speed and both inter and' intraobserver variability in another 40 patients.
Results. Analysis of the first group of 43 patients and a subsequent group of 54 patients, using the
5 measurements that constitute this new Bath AS Metrology Index (BASMI), demonstrated that they
accuratcly and reliably mirror the 20 clinical measurements assessed previously (r = 0.92, p <0.001).
In 2 new group of 40 patients the Measurements were demonstrated to be accurate and reproducible
for both- intraobserver variability (r = 0.99, p <0.001) and interobserver variability (r = 0.97,
p <0.001). In a furthier 56 patients, admitted for inpatient therapy, an improvement in the BASMI
* from 3.34 (SD2.71) to 2.16 (SD 2.42) was noted over a period of 3 weeks (regardless of disease

severity) which indicates a sensitivity to change (x

over baseline was about 30%.

= 6.55, p <0.01). The mean improvement

. Conclusion. Five clinical measurements provide a composite index (BASMI) and define disease
status in AS. The: BASMI is quick (7 min), reproducible and sensitive to change across the disease

spectrum. (J Rheumatol 1994;21:1694-8)
" Key Indexing Terms:

METROLOGY INDEX
.RELIABILITY

Disease status in ankylosing spondylitis (AS) can be defined
by metrology, radiology, laboratory variables and functional
capacity!. The relationship between these and disease
activity, disease progression, and response to treatment
remains unclear?. Limitation of spinal movement is an early
feature of AS and its importance as a clinical sign is empha-
sized by its inclusion in the New York diagnostic criteria’.
Methods of determining disease progression include sequen-
tial assessment of spinal mobility. Numerous physical meas-
urements have consequently become widely used since the
original assessmeats defined by Moll and Wright!. Fre-
quendy these measurements are not standardized or assessed
for relxabﬂxty, validity, or sensitivity to change’.
H(stoncally up to 20 separate measurements liave been

used in the assessment of patients with AS attending the Royal

From the Royal Nanonal Hospital for Rhewunatic Dzseases, Bath BAI
IRL.

Supported by the Arthritis and Rheumatism Council of Great Britain;
‘the National, Ankylosing Spondylitis Society, the Coates Trust, and the
Pilkington Trust.

T.R. Jerkinson, MRCP; P A. Mallorie, BSc, MCSP H.C Wiute{ack
MCSP; L.G| Kennedy, BSc Hons; S.L. Garrett, BA Hons; A. Calin,
MD, FRCP..

Address. repnnt requests to Dr. A.- Calin, Royal National Hospital far
Rheumatic- Diseases, Upper Borough Walls, Bagh BAI IRL.

Submitted October 5, 1993 revision accepted February 9, 1994.

SPINAL MORILITY
SENSITIVITY

AXIAL STATUS
DISEASE PROGRESSION

National Hospital for Rheumatic Diseases in Bath. The
patient population encompasses the whole spectrum of dis-
ease in' AS. Inpatient treatment is mot restricted to those
patients with severe disease but is considered -appropriate for
all patients including those with early discase. Regular and
‘specific exercise therapy is considered necessary for patients
with AS in order to maintain or improve their. mobility and

" as a consequence their overall level of function and quality

of life. Qur aim was to determine the minimum number of
clinically appropriate measurements that assess accurately
axial status {i.e., cervical, dorsal and lumbar spine, hips and
pelvic soft tissue) and from these derive a metrology index
(the Bath Adkylosing Spondylitis Metrology Index; BASMI)
to define clinically significant changes in spinal movement.

MATERIALS AND METHODS

In total 193 consecutive inpatients were studied, reflecting the entire spec-
trum of disease in AS, and metrology was performcd on 327 separae
occasions. First the metrology of 43 patients fulfilling the New York
criteria® for definite AS was aualyzed by a research team consisting of rheu-
matologists, physiotherapists and research associates with a specialist interest
in AS. Intitively, and following an cxtensvie review of the literature, 5
simple clinical measurements which were considered most accurately 10°
reflect axial status were defirted: cervical rotation, tragts to wall distance,
lateral flexion, modified Schober’s. and. intermalleclar distance.

Inan attempt o relate clinically important changes in spinal mobility t0

function, further analysis of the 20 measurements resulted jn 2 metrology=— "~
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table from which a total score of 0— 10/pancm could be denved (Table 138
Subsequent examination of the metrology on a further 54 patients was per—

. formed comparing the total mctrology score of the 20 measurements ver:

sus the composite score (also with:a range of 0~ 10) of the 5 measurements
that comprise the BASMI (Table 2).

These meastrements were assessed for mtcrobserver intraobserver var- i

jation and reliability . The observers’ were 3 physiotherapists, all of whom

“had experience in asscssmg AS. Twcmy patients completed the: interobserver
_assessments. Each patient was measured, using the 5 clinical measurements
that form the BASMI, by each of the 3 obsetvers scparately with the remaval

of any skin markings followmg cach assessment. The résults were afso

documented sepaxatcly 50 that the obscrvers were blinded to their colleagues’

tesults. The mtraobscrvcr ‘assessments were determined by each. of the' 3

observers measuring & further 20 paticits or corisecutive days at about the - -
" same time. Measurements were recorded from mid-morning to allow for,

resolution of morning stiffness and were documented separately so that the,

observers were blinded to their prevxous results and those of their colleagues.
Cervical rotation was measured with 2 gravity action gomamctcr the mean-

of right and left results being calculated. The patlent lies supitie in the neu-

tral position and the goniometer is placed centrally on the forehead. The:

posttion- and -{he& go

_patient is then asked 10 turn thie head as far'as possible to the-right and then,

to the lefiS. For measurements of the tragus to wall distance the pauent'
stands with heels and bunocks touching the wall, kiees straight; shoulders’

back and places the head as far back as possible, keeping the chin in’.’

Lateral spinal flexion is measured by fingertip 16 floor distance in full fateral
flexion without, flexing forward or bending the knees, using a rule mount-

ed on a floor stand’ . The patient bends laterally to push the middle finger
of the right or left hand down the rule and the difference between start and
end points is recorded and the mean calculated. Lumbar flexion is assessed
by the Macrae and Wright modification of the Schober index8. A mark is
placed at the fumbosacral junction, which is represented by the spinal inter-
section of a line joining the dimples of Venus. Further marks are placed
5-cm below and 10 cmi above the lumbosacrat junction. The patient is asked
to bend forwards as far as possible, keeping the knees straight, and the dis-
traction between these 2 marks is.recorded. Intermalieolar distance is meas-
ured with the patient supine, the Knees straight and the fect pointing straight

Table 1. Original metrology assessment (20 measurements)-

. Score
0 ! 2

1. Tragus to wall <1Scm 15-30 cm > 30 em
2. Lumbar flexion > 4 cm 2-4 cm < 2cm
3. Intermalleolar distance ~ >100 cm.  70-100.cm - < 70 cm
4. Cervical rotation (L} > 70° 20-70° < 20°
S. Cervical rotation (R} o> 70° 20-70° < 20°
6. Lumbar side flexion (L) > 10 com 5-10 cm < Scm
7. Lumbar side flexion (R). > 10 cm 5-10 cm < 5cm
8. Cervical side flexion'(L) = > 40° 10-40° < 10°
9. Cervical side-flexion (R} > 40° 10-40° . < 10°
10. Fingers to floor < 20ecm 20-40 cm > 40 cm
1. Lumbar exténsion > I.5cm 1.5-05em < 05cm
12. Cervical extension > 40°°  15-40° < 15°
13. Cervical flexion > 45° 20-45° < 20°
14. Vital capacity -> 3.51 2.0-3.51 < 2.01
15. Chest expansion > 6cm 3-6 cm < 3cm
16. Height loss’ 0cm 0-1 em > 1cm
17. Shoulder flexion (L) > 140° 110-140° < 110°
18. Shoulder flexion (R) > 140° {10-140° <. 110°
19. Shoulder abduction: (L) -~ > 140° . 100-140° < 100°

20. Shoulder abduction (R) . = > 140° 100-140° < 100°

The éri-gi_x‘_xal 20 -metrology assessments with the: scoring system: 0 =
indicating mild disease involvement. 1 = moderatedisease and 2 = severe
disease involvement. (L = left side, R = right side). Scoring range = G-10.

o

Table 2. BASMI (bath ankylosing spondylitis metrology
index)

Score
0 1 2
Tragus to wall © < 15em  15-30cm > 30 cm
Lugmbar flexion - ' > 4 cmi- 2-4'cm < 2 cm
Cervical rotation > 7Q° 20-70° < 20°
Lumbar side flexion .~ >.10cm. . 3~10cm < Scm
Intermalleolar distance > 100°cm- 70-100em < 70 cm

BASMI 0 indicates mild disease involvement, I = moderate disease and
2 = gevere disease involvement: Results for cervical rotation and lumbar
sxdc flexion are the means of the left and right mcasuremcnts Scoring range
0- IO

) up The panent is.asked-to separate thc legs ds far as possible and the dis-

tance between the medial malleoli is :meastred®.
A further 56-patients were assessed at the start and end of a3 week hospital
admission for an intensive exercise reginen in order to assess the BASMI

for sensitivity to change over a shott treatment period. Statistical analysis

" was performed through the UNISTATS programume on an IBM compatible

PC, using Pearson’s ‘correlation coefficient and Kruskal-Wallis tests for relia-
bility and sensitivity respectively.

. RESULTS

The total metrology scores derived from 20 measurements
on each of 43 patients: (39 men: 4 women) were compared
to the new BASMI. The mean age of this cohort was 45.9

" years (SD 11.4 years), the medn age at symptom onset was

22.6 years (SD 7.8 years) and the mean disease duration 23.3
years. BASMI correlated with both age (p <0.01) and the
disease duration (p:<0.004) a8:did the total metrology score.
(Agep <0.005, disease duration p <0.002.) The compari-
son between BASMI and the original 20 measurements gave
a good correlation value (r = 0.92, p <0.001) (Figure 1).
To verify the reliability of the BASMI, the metrology of a
2nd cohort of 54 patients (40 men: 14 women), mean cur-
rent age 43.4 years(SD 9.3), mean.age at symptom onset
23.5 years (SD 7.51) and mean disease duration 19.7 years
(SD 9.4) was analyzed. The BASMI compared favorably to
the total metrology score (r = 0.94, p <0.001).

The BASMI was assessed in another 20 patients for in-

" terobserver variation. The patients were measured indepen-

dently by 3 physiotherapists. Cervical rotation (r = 0.98,
p <0.001), tragus to wall (r = 0.99, p <0.001), lumbar
side flexion (r = 0.94, p'<0.001), modified Schober (r =
0.96, p <0.001), and intermalleolar distance (r = 0.98, p
<0.001) demonstrated little interobserver variation.
» A further 20 patients were assessed for intraobserver var-
mtmn. Cervical rotation (r = 0.99, p <0.001), tragus to
wall (r= 0. 99, p <0. 001), {umbar side flexion (r = 0.98,
p <0.001), modified Schober (r = 0.99, p <0.001), and
intermalleolar distance (r = 0.99, p <0.001) were found
to be accurate and reproducxble

A 4th cobort of 56 patients completed the BASMI at the
start (mean BASMI = 3.34, SD 2.71) and on complctlon

of 3 weeks’ inpatient treatment (mean BASMI = 2.16 SDewam ~

2.42). This change reflected an improvement of about 30%

N
>
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Fig. 1. A graph to show the relationship between BASMI and the original méasur,:ments in 97 patients (r = 0.92, Tt
| p <0.001), M BASMI score, 3 = original asséssmient score (both on scale of 0-10). i

over baseline. The mean current age of the cohort (46 men: Table 3. Inter and intraobserver reliability !
10 women) was 41.3 years (SD 10.1), mean age at symptom Interobserver Reliability ; |
onset 21.5 years (SD 6.5) with a mean disease duration 19.9 Measurément ¢ Value p Value [
! years (SD 11.6). Seventy-one percent of the patients Tragus to wall ' . 0.99 <0.001
[ improved, 29% remained the same and no patients deterio- Lumbar flexion 0.96 <0.001 [
tated over the 3 week treatment ‘period (Figure 2). Of the . Intermalieolar distance 098 ' <0.001 :
16 patients who failed to improve 8 had an initial BASMI Cervical romtion 0.98 - <0.001 l
score of 0, witha further 4 having an mmal score of 3 or Bumbar side fiexion 0.94 <0.00t - ‘
less out of 10. : Intraobserver Reliability t
Tragus o wall 0.99 <0.001 {
Lumbar flexion = 0.99 <0.001 <
) - Intermalleolar distance 0.99 <0.001 1
ZERO TIME + 3 WERKS Cervical rotation 0.99 <0.001
; Jo g s ‘ i Lambar side flexion 0.9 <0.001 ‘
q a=1 10 ' ‘FO .
| 9 3
" | amd 8 & n=3 DISCUSSION
. n=s 7 7 The present study was prompted by the numerous methods
. g ame 8 6 nm2 available for measuring spinal mobility ds many of them are
4 ne3 8 5 n=7 not validated orreliable and some require special instrumen-
;z :: : ; :55 tation or radiography. There is a need for a standardized set
i3 nes 2 3 asz2 of measurements that are sxmple to perform, reproducible |
: i a2 1 1 a=11 and clinically relevant. Standardized serial measurement of
| X n=8 0 [ , L 0 =2t spinal movemient not only provides an accurate assessment
| MEAN 3.34 - ' - MEAN 2.16 of disease progression in AS, but will also provide improved
? soz71l . (502421 evaluation during antirheumatic drug research®®. The varia-
] i Fig. 2. A chart shoWing both the initial BASMI score of 56 patients at zero bility of the methods of assessment in use at the present time
‘ i time and their score fier'3 weeks of intensive inpatient physical therapy Compromlses research in this field. However, metrology [¢; . .
— 71% improved,- 29% cemained the same. , mains an.appropridte methpd of assessing response t0 treat-

e
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ment as there is no universal agreement on the methods of
measuring disease activity o function in AS'. In add
it is possible that disease activity indices should be separat-
ed from those purporting to measure disease progression and
its functional ccmse:quences‘2

With this in mind, a team of rheumatologists, physio-

¥

_therapists and research associates with a spécialist interest

in AS undertook an extensvie review of the literature to deter-
mine those measurjcments’ found to be most reliable and clin-
ically useful. The measurements considered most accurately
to reflect axial status include cervical rotation, tragus to wall
distance, lateral spina! flexion, modified Schober’s, and in-.
termalleolar distance. = o

Cervical rotation occurs at the atlantoaxial joint, is a
reproducible measurement and is an important reflection of
neck function'*. Cervical rotation was measured with a
gravity action goniometer and this method has been demon-
strated to be simple, cheap, accurate and reliable’®. Rota-
tion can also be measured by means of a neck protractor;
the neutral position being 0°, with the 90° mark over the
acromioclavicular joints and a perpendicular line through the
nose being the intercept®®. This method has also been shown
to be highly reproducible’. Although lateral cervical spine:
flexion is often reduced in AS, significant interobserver var-
iations have been demonstrated in its measurement!s,

Tragus to wall distance is a measure of lower cervical spine
flexion and upper thoracic kyphosis: [t provides an accurate
assessment of proximal axial disease progression and is

‘highly reproducible’.

Lateral spinal flexion occurs at the lower thoracic and the
lumbar spine and is often the earliest movement restricted-
in AS*. The fingertip to floor distance on lateral flexion
using a rule is considered to be the most reliable method of
assessment!S. Lumbar side flexion was initially found to be
the most variable measurement. Attention has to be paid to
the starting position and downward miovement of the rule
should be a consequence of lateral flexion only. Using trick
movements patients can attempt to depress the rule by down-
ward movement of the arm without lateral flexion. The differ-
ence between the start and end positions-is recorded and the
mean calculated. This ensures that the assessment is not
affected by the initial position of the rule which can be in-
fluenced by the degree of kyphosis of the patient. Once these

practical changes were adhered to, lumbar side flexion was

found to be as reliable as the other measurements used in
the index.

Fingertip to floor distance was originally described as a

measurement of erector spinae and hamstring extensibility,
and includes not only spinal movement but also hip mobility,

posterior leg muscle and ligament tightness?!. Although it
has been shown to be a reproducible measurement, it is in-
valid as a measure of vertebral flexion and is of litile value
in the spinal assessment of AS?2. As a result lumbar spine
flexion is assessed by the modified Schober Indext!7.

=
\\a.‘w/ . .
The mp is'the most commonly mvolvedjomt in AS, with
insidious loss of movement and function, often resulting in
more incapacity than a rigid spine. Unfortunately, assess-
ment of the hip is often neglected in the assessment of AS.
Furthermore standard-assessments using goniometric meas-
urements are unreliable. We have therefore used intermalleo-
lar straddle as a simple and accurate method of assessing the
hip and pelvic soft tissues.
Hlstoncally, up to 20 separate clinical measuremients have
been performed as part of the AS metrology assessment. Not
only is this expensive in terms of valuable physiotherapy time

_ but many of the measurements have not been assessed for

reliability. We have demonstrated, in 2 separate cohorts

' totalling almost 100 patieits, that our new metrology score

(BASMI) mirrors the information given by a much larger
‘number of measurements and is an accurate reflection of axial
status (p <0.001). In addition, our results confirm the inter
and intraobserver reliability of cervical rotation, tragus to
wall distance; lumbar flexion and intermalleolar distance.

Furthermore, the BASMI demonstrates sensitivity to
change across the whole disease spectrum, including those
patients with severe disease of long duration. This is impor-
tant as it is often considered that the disease causes most of
its disability during the first decade after diagnosis and that
response to treatment in late disease is [imited'®. Small im-
provements may ‘be clinically important if they represent
reversal of a deteriorating trend over a 30 year course®.
Almost half of the pétients (14 %) showing no improvement
began the treatment with a BASMI score of zero. The im-
provement noted in 71 % of patients occurred within a 3 week
period of intensive exércise and physiotherapy.

In conclusion, (1) S simple clinical measurements provide
a composite score (BASMI) and define disease status in AS
and (2) this metrology score is quick (7 min), valid, relia-
ble, reproducible and is sensitive to change across. the dis-
ease spectrum. Further studies are required to address the

. relationships between metrology, radiology, disease activity,

and function.
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A New Dimension to Otitcome: Application of The-
Bath Ankylosing Spondylitis Radiology Index

ANDREI CALIN, KIRSTEN MACKAY HELENA SANT 0S, and SINEAD BROPHY

ABSTRACT. Our aim was to develop a reproducible and sxmple radxologzcal scormc system for ankyiosma
spondylitis (AS) to use in cross sectional and prospective studies. Regarding validation of the
BASRI (Bath Ankylosing Spondylitis Radiology Index}, radiographs- of 470 patients with AS were
scored using the New York criteria for the sactoiliac joints. The Jumbar and cervxcal spine, and hips
were similarly graded 0—4. These-scores were added together to give BASRI-t (total) and if the hips -
are excluded to give BASRI's (spine). Rndxoomphs of 188 patients were used to test reproducibili-
ty. Blinded radiographs of 89 non-AS patients were included randomly to assess disease specificity.
Sensitivity to change was.assessed using 177 radiographs from 40 patients. Regarding the cross sec-
tional study, 2200 radxographs of 550°(104 F:446 M) patients were randomly selected and scored
using BASRI. The frequency distribution of BASRI-t dnd BASRI-s were plottcd using a probit plot,
Inter and intracbservation showed between 73 and 82% and 73 and 88% complete agreement, with
specificity of 0.78-0.89, suggesting scores are disease-specific. Sensitivity to change became appar-
ent at 2 years (p < 0.05). Scormo required 30 seconds to complete. BASRI-t was found to be nor-
mally distributed using a probit plot. The mean BASRI scores (total, spinal, hip) increased with dis-
ease duration. The correlation, however, was poor (r = 0.293, 0.347, 0.263, respectively). Those with
hxp involvement had more severe spinal disease (p Z 0.0001). Men had more severe spinal disease
than women (p < 0.0001). We conclude BASRI is'a reliable and rapid method to grade radiogtaphi-
ic.changes in AS. Using this scoring System it can be seen that AS is a slowly progressive disease
with much individual variation. Hip patients have more severe spinal disease than those without hip
involvement and men have more severe spinal disease than women. (J Rheumatol 1999;26:988-92)

Key Indexing Terms:
ANKYLGOSING SPONDYLITIS RADIOLOGY BASRI .+, OUTCOME

Ankylosing spondylitis (AS) is a chronic inflammatory pro-
gressive disorder mainly affecting the axial skeleton and the
peripheral joints. The disease is a result of interaction
bétween genetic and environmental triggers. A number .of

“meastires can be used simultaneously to monitor outcome

and these are fundamental in assessing the naturat history of

AS'8. Characteristic radiological appearances at the sacroil- .

iac (SI) joints are essential for diagnosis of AS?, butng clas-
sification completely defining axial and hip radiological
change exists in AS. The Bath Ankylosing Sp'ondjllitis
Radiology Index-total (BASRI-t) is a new system for scor-
ing radiological change for the spine and hip in ASS. Results
can be divided into Bath Ankylosing Spondylitis'Radiology
Index-spine (BASRI-s), which combines the scores of the SI
joints, lumbar spine, and the cervical spine, and the BASRI-
hip . (BASRI-h). We describe BASRI-t, BASRI-s, and
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BASRI-h and demonstrate their value in a cross sectional
study.

MATERIALS AND METHODS

Validation of BASRI. Existing, Radiographs of 470 patients. diagnosed
using the New York criteria for AS. were used to develop the method. They
were scored openty arid placed in one of 5 severity grades based on the NY
scale for SI joint disease. The radiographs were an anteroposterior (AP)
pelvis, an AP and lateral lumbar spine. and a lateral cervical spine. The

_lumbar spine was defined as extending from the lower border of T12 to the

upper border of S1,.and the cervical spine from the lower border of C1 to
the. upper border of C7. The discriminating features of each group were
defined and used as the basis. to describe a method of assessing severity of
radiological change in AS. The system was then repeatedly tested in a
blinded fashion by 3 experienced readers and modified openly on several
occasions before a final format was agreed on. Rules for scoring the lum-
bar, cervicaland hip radiographs are shown in Table 1.

To assess whether AP or lateral radiograph was more appropriate, 58
sets of lumbar and cervical spine radiographs with both AP and lateral
views were scored using (1) AP alone, (2) the lateral alone, and (3) both
views’ cofitribution (as a composite score). Sensitivity and specificity for
each view was determined and compared to Score 3.

After definition of the scoring system, radiographs of 188 consecutive
patients with AS and 89 without AS were scored randomly and blindly by
the 3 readers to validate BASRI. The mean age of the population was 44.3
+ 10.9 years and the sex ratio 3:1 (M:F), disease duration = 23 years.
Assessment included inter and intraobserver variation, sensitivity to change

over a yeady period (1,2, 3 yrs; etc.), and specificity (cutoff of grade 2 sxmee. =

definite disease). The non-AS cohort studies were consecutive outpatients
attending the Royal National Hospital for Rheurnatic Discases and had

i
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Table JA. BASRI-spine.

i o N

System Appfies to Both Lumbar and Cervical Spine.

~ Score Grade ..
0 Normal No change
[ Suspicious No definite change.
2 Mild Any number of erosions, squarmg, scler051s * syndcsmophytes
’ : ’ on £ 2 vertebrae .
3 Moderate Syndesniophytes on >3 vertebrae fusion mvolvma 2 vertebrae
ete Fusion involving 2 3 vertebrae

4 Sevete

Table 1B. BASRI-hip.

Score Grade .Description

0 .Normal No change

1 Suspicious Focal joint space narrowing

2 Mild ) Circumferential joint space narrowing > 2 mm

3 Moderate . Circumferential joint space harrowing < 2 mn or borne-on-bone

4 ’ Severe

appositiom-of <1 cm
Bone deformity or bone-on-bone apposmon 21 em

SIO!’!

pelvic‘radioaraphs taken. Their mean-age was 57.9 * 16.8 years, sex ratio
1:3 (M:F). The cohort included 41 rheumatond arthritis, 21 mechamcal back
pain, 10 ﬁbromyalom 10 osteoporosis, 7 psoriatic arthritis.

Cross sectional study. We randomly selected and scored 2200 sets of films
of 5350 (4:1, M:F) patients with' AS, using BASRI-t. The frequency distrib-

- utions of BASRI-t and BASRI-s' were plotted using a probit plot to estab-

lish parametric distribution. The probit plot is a scatter diagram that is lin-
ear if data are normally distributed and curved. if they are not. Of the 550
patients, there were 423 with Known disease duration.

Statistical methods. For validation of BASRI: The data were nonparamet-
rically distributed; therefore an unweighted kappa statistic was used: to
determine the significance of inter and intraobserver variability. The
Wilcoxon signed rank test was used to assess significance of change over
time. For the implementation of BASRI: comelations ‘were established
using Pearson's correlation coefficient for normally distributed variables ot

‘Spearman'’s rank.order for non-normally distributed variables. Independent

t tests or Wilcoxon rank sum test and chi-squared were used to evaludte
mean scores. The SPSS software program was used for all analyses.

RESULTS

Lumbar spine: which film should be used. Using 58 sets of
AP and lateral Jumbar spine radiographs, 3 scores. were
derived as described above. The combination score differed
from both the AP and lateral scores if syndesmophytes or
fusion was seen at dlfferent levels on each projection and

NB: Increase the gradc by I if 2 of 3 of the following bony changes are present: erosions, ostcophytes protru-

occurred in 3/58 cases. The combination score differed from
the AP alone in 9/58 (16%) cases and the lateral alone in
21/58 (36%)- cases. Over all, the use of 2 projections
chanoed the score 46% of the time.

Intraobserver var_zatzon. The complete agreement and kappa
scores were (Table 2): 86% agreement (kappa 0.69) for the
S1 joints, 75% agreement (kappa 0.65) for the lumbar si)ine,
81% agreement (kappa 0.73) score for the cervical spine,
and 87 and 88% agreement (kappa 0.70 and 0.75) for the
right'and [eft hip.

Interobserver variation. Reproducibility between readers
revealed 78% agfeement (kappa 0.55) for the SI joints, 73%
agreement (kappa 0.64) for the lumbar spine, 79% agree-
ment (kappa 0.69) for the cervical spine, and 82 and 78%
agreement (kappa 0.64 and 0.57) for the right and left hip.

Disease specificity. To validate lumbar and cervical spine,
radiographs of 89 non-AS outpatients were scored. For the
hip component 51 non-AS outpatients were scored. Grade 2
was taken as the cutoff. A sample of 188 patients with AS
was used (disease duration = 23 yrs; age 44.5 = 10.9).
Specificity for the lumbar spine was 0.89, for the cervical
spine it was 0.83, and for the hips 0.78.

Tuble 2. Summafy of inter-and intrachbsecver variation in BASRI-total.

Skeletal Site ) Intraobserver Variation

Complete
Agreement, %

Interobserver Variation

Kappa Complete Kappa

Agreement, %

SI joints 86 0.69 78 0.55
Lumbar spine 75 0.65 73 0.64
Cervical spine - 81 0.73 79 0.69
- Hips . 87 0.70 78 0.57 fr—
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Sensitivity to change. Senal radiographs of 40 patxents wepe
scored over 177 time intervals (4.4 mtervals/patlent) All
radxocraphs were blinded for the name and date of radio-
graph. Scoring was performed by a single observer. The
patients were assessed over a time period of one 'year [years
between radiographs: 1 yr-(n = 24), 2 yrs (n =31), 3 yrs (n
= 30), 4 yrs (n'= 26)]. A significant change in radxologxcal
score (p < 0.05) at 2 years was observed for the SI joints,
lumbar and cervical spine, and the hips. The magnitude of
change for the BASRI-spine was from 7.0 to 7.9 in a 2 year
period. Forty-two percent of patients had a change in
BASRI-s score in a 2 year period. The smallest detectable
differénce between scores over a 2 year period is a change in
BASRI-s of 0.5, i.e., 0.5 change in SI joints ‘score,.and a
change in score of 1 for the lumbar spine and cervical spine.

Frequency a'zsmbuftorz of BASRI-t and BASRI-s. BASRI-t
was notmaally distributed using a‘probit plot. BASRI-s was
not normally distributed.

Cross sectional study. The mean BASRI-t and BASRI-s
scores over §.year intervals were plotted against disedse
duration (Figure 1). Correlation was poor: t = 0.293, p <
0.01 and'r = 0.347, p < 0.01, respectively.

BASRI:s for those patients with hip disease.(n = 101) and
those without (n = 322) was plotted against disease duration
(Figure 2). The BASRI-s was higher for those with hip dis-
ease (p < 0.0001). There was no difference in disease dura-

BAS score
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tion between the 2. groups (20 and 21 yrs, respectively; p<
0.2).

The mean BASRI t was higher for men (n=351) than for
women (n = 72) (8.9 vs 7.2, respectively; p. < 0.0001).
Disease duration was comparable (20 vs 21 yrs; p <0.27)
(Figure 3). More men than women had severe disease in the
SI joints (odds ratio, OR = 1.74; 95% confidence interval,
CL 1.1-2.7;p< 0.016). More men than women had severe
lumbar spine disease (OR =2.6,95% CI 1.4-4.6; p < 0.001).
More men than women had severe cervical spine disease
(OR =2.3,95% CI 1.3-3.9; p<0.002). The numbers of men
and women with severe hip disease were comparable at all
stages of dxscase

DISCUSSION
The BASRI is reproducible, with inter and intraobserver
variation equivalent to or better than the NY criteria. The
BASRI was found to be sensitive to change over a 2-year
period, which sug gests radiographs at intervals of less than
2 years are not warranted. The BASRI was easy to use; the
mean time taken to score a set of radiographs was less than
30 seconds. To maintain simplicity, BASRI does not pick up.
minor radiological change. The score does not change with
each additional erosion or sclerosis, and will always remain
grade 2 or mild disease uatil thete is fusion between 2 ver-
tebrae or 2 3 syndesmophytes are identified.

The changes in"BASRI-t and BASRI-s over time may

31 to 35 (n=34)
36 to 40 (n=20)
41 to 50 (n=20)

Disease duration

L S .
Figure 1. BASRI-total and BASRI-spine versus disease duration (n = 423), ¢ BASRI-t, r = 0.293. @ BASREs, -

r=0.347.
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Figure 3. BASRI-total — radiology of men (n = 354) \'.ersus women (n = 72). 4 Male. ® Female. p < 0.0001.
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indicate that AS is a slow progressive disease, or of course,
that BASRI is-too insensitive to pick up chmcally relayant
change. However, lack of correlation between BASRI
scores and disease duration shows that outcome is extremely
variable for different individuals. The change in BASRI-s in
patients with and without hip involvement shows that
patients with hip disease have more sévere axial disease.
This supports ather studies that suggest hip involvement is
predictive of more severe disease®. Comparison of male ver-
sus female has'shown that men have more severe disease in
the SI joints, lurbar spine, and the cervical spine, but not in
the hips. Clearly, clinical significance does not equate with
statistical swmﬁcance "Further studies will be required to
define the value of these findings.

The correlation of severity with disease duration is poor
if taken individually. In the scoring of the lumbar spine, only
half the patients develop severe disease after 45 years. For
the cervical spine, 25% never develop any cervical involve-
ment. ’

In conclusion, radiology is fundamental to diagnosis and
progression of AS. Apart from the New York criteria for the
ST joints, no widely accepted radiological criteria exist.
BASRI a8 a radiological classification system is a valuable
tool that is reproducible, specific, sensitive to change at 2

years, simple, and fast to use. Using the BASRI in Cross sec- -

tional study of AS shows that this is a slowly prooresswe
disease with much individual variation. Some of this varia-
tion can be accounted for: patients with hip involvement
have more severe spinal disease and men have more spinal
involvement than women. In conclusion, BASRI is an

{ i
. j
M

important ‘outcome measure joining the metrology index
(BASMI)!, functional index (BASFI)3 disease activity

_index (BASDAI), and global score (BAS-G)S in the assess.

ment of our patients. -
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