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ABSTRACT

KďũĞĐƟǀĞƐ

dŽ�ĞǀĂůƵĂƚĞ�ŝĨ�ƚŚĞ�ŵĞĂŶ�ƐŵĂůůĞƐƚ�ĚĞƚĞĐƚĂďůĞ�ĐŚĂŶŐĞ�;^��Ϳ�ŽĨ�ŵƵůƟƉůĞ�ƟŵĞ�ŝŶƚĞƌǀĂůƐ�ƵƐŝŶŐ�ƚŚĞ�
�ůĂŶĚ�Θ��ůƚŵĂŶ�;�Θ�Ϳ�ůĞǀĞůƐ�ŽĨ�ĂŐƌĞĞŵĞŶƚ�;>Ž�Ϳ�ŵĞƚŚŽĚ�ŝƐ�ĂŶ�ĂƉƉƌŽƉƌŝĂƚĞ�ƐƵƌƌŽŐĂƚĞ�ĨŽƌ�ƚŚĞ�
ŐĞŶĞƌĂůŝǌĂďŝůŝƚǇ�ĂŶĂůǇƐŝƐ�ŵĞƚŚŽĚ�ĨŽƌ�ĞƐƟŵĂƟŶŐ�ƚŚĞ�ŽǀĞƌĂůů�^���ŽĨ�ƌĂĚŝŽůŽŐŝĐĂů�ƉƌŽŐƌĞƐƐŝŽŶ�
ŝŶ�ƌŚĞƵŵĂƚŽŝĚ�ĂƌƚŚƌŝƟƐ�;Z�Ϳ�ƚƌŝĂůƐ͘�^ĞĐŽŶĚůǇ͕ �ƚŽ�ĐŽŵƉĂƌĞ�ƚŚĞ�^���ďĂƐĞĚ�ŽŶ�ϵϱй�>Ž��ǁŝƚŚ�
ƚŚĞ�^���ďĂƐĞĚ�ŽŶ�ϴϬй�>Ž�͕�ĂŶĚ�ƚŽ�ŝŶǀĞƐƟŐĂƚĞ�ƚŚĞ�ĂƐƐŽĐŝĂƟŽŶ�ďĞƚǁĞĞŶ�^���ĂŶĚ�ďĂƐĞůŝŶĞ�
damage and progression. 

Methods

&ŝŌĞĞŶ�ĚĂƚĂƐĞƚƐ� ĨƌŽŵ�ƌĂŶĚŽŵŝǌĞĚ�ĐŽŶƚƌŽůůĞĚ� ƚƌŝĂůƐ� ŝŶ�Z��ǁĞƌĞ� ƐĐŽƌĞĚ�ďǇ�ϭϯ�ĞǆƉĞƌŝĞŶĐĞĚ�
ƌĞĂĚĞƌƐ�ĂƐ�ƉĂŝƌƐ�ĂĐĐŽƌĚŝŶŐ�ƚŽ�ƚŚĞ�ŵŽĚŝĮĞĚ�^ŚĂƌƉͲǀĂŶ�ĚĞƌ�,ĞŝũĚĞ�ŵĞƚŚŽĚ͘�dŚĞ�^���ƵƐŝŶŐ�ƚŚĞ�
ϵϱй�ĂŶĚ�ϴϬй�>Ž��ĂŶĚ�ƚŚĞ�ŐĞŶĞƌĂůŝǌĂďŝůŝƚǇ�ŵĞƚŚŽĚƐ�ǁĞƌĞ�ĐĂůĐƵůĂƚĞĚ͘�

Results

Ϯϭ͕Ϯϵϱ� ƌĂĚŝŽŐƌĂƉŚŝĐ� ƟŵĞ� ƉŽŝŶƚƐ� ĨƌŽŵ� ϳ͕ϲϰϯ� ƉĂƟĞŶƚƐ� ǁĞƌĞ� ŝŶĐůƵĚĞĚ͘� dŚĞ� ŵĞĂŶ� ;ƌĂŶŐĞͿ�
^���ĨŽƌ�ƚŚĞ�>Ž��ĂŶĚ�ƚŚĞ�ŐĞŶĞƌĂůŝǌĂďŝůŝƚǇ�ŵĞƚŚŽĚƐ�ǁĂƐ�ϯ͘ϭ�;Ϯ͘ϯͲϰ͘ϯͿ�ĂŶĚ�ϯ͘Ϯ�;Ϯ͘ϯͲϰ͘ϲͿ�ƵŶŝƚƐ͕�
ƌĞƐƉĞĐƟǀĞůǇ͘�dŚĞ�ŵĞĂŶ�ц�^��ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�ƚŚĞ�ƚǁŽ�ŵĞƚŚŽĚƐ�ǁĂƐ�ͲϬ͘ϭϯ�ц�Ϭ͘Ϯϴ͘�dŚĞ�
ŵĞĂŶ�^���ŝŶĐůƵĚŝŶŐ�Ăůů�ŝŶƚĞƌǀĂůƐ�;ŶсϯϭͿ�ǁĂƐ�ϯ͘Ϭ�ц�Ϭ͘ϳ�ĨŽƌ�ϵϱй�>Ž��ĂŶĚ�Ϯ͘Ϭ�ц�Ϭ͘ϰ�ĨŽƌ�ϴϬй�>Ž�͘�
EŽ� ƌĞůĂƟŽŶƐŚŝƉ�ǁĂƐ�ŽďƐĞƌǀĞĚ�ďĞƚǁĞĞŶ�ďĂƐĞůŝŶĞ�ĚĂŵĂŐĞ�ĂŶĚ� ƚŚĞ�^��͕�ǁŚĞƌĞĂƐ� ƚŚĞ�^���
increased with increasing radiological progression.

�ŽŶĐůƵƐŝŽŶƐ

dŚĞ�ŵĞĂŶ�ŽĨ�ƚŚĞ�ŝŶƚĞƌǀĂů�^��Ɛ�ŽďƚĂŝŶĞĚ�ďǇ�ƚŚĞ�ƐŝŵƉůĞ�>Ž��ŵĞƚŚŽĚ�ŝƐ�Ă�ǀĂůŝĚ�ƐƵƌƌŽŐĂƚĞ�ĨŽƌ�
ƚŚĞ�^���ŽďƚĂŝŶĞĚ�ďǇ�ĐŽŵƉůĞǆ�ŐĞŶĞƌĂůŝǌĂďŝůŝƚǇ�ŵĞƚŚŽĚƐ͘�dŚĞ�^���ĚĞƉĞŶĚƐ�ŽŶ�ƚŚĞ� ůĞǀĞů�ŽĨ�
ƌĂĚŝŽŐƌĂƉŚŝĐ�ƉƌŽŐƌĞƐƐŝŽŶ�ƌĂƚŚĞƌ�ƚŚĂŶ�ŽŶ�ƚŚĞ�ůĞǀĞů�ŽĨ�ĂďƐŽůƵƚĞ�ĚĂŵĂŐĞ͘�/Ŷ�ĂĚĚŝƟŽŶ͕�ƚŚĞ�ƵƐĞ�
ŽĨ�ĂŶ�^���ďĂƐĞĚ�ŽŶ�ϴϬй�ƌĂƚŚĞƌ�ƚŚĂŶ�ŽŶ�ϵϱй�>Ž��ŝƐ�ƉƌŽƉŽƐĞĚ͘
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/EdZK�h�d/KE

WƌĞǀĞŶƟŽŶ�ŽĨ� ƐƚƌƵĐƚƵƌĂů�ĚĂŵĂŐĞ�ŚĂƐ�ďĞĞŶ� ŝŶĐůƵĚĞĚ�ĂƐ�ŽŶĞ�ŽĨ� ƚŚĞ�ĐůĂŝŵƐ� ŝŶ� ƚŚĞ�h^�&ŽŽĚ�
ĂŶĚ� �ƌƵŐ� �ĚŵŝŶŝƐƚƌĂƟŽŶ� 1� ĂŶĚ� ƚŚĞ� �ƵƌŽƉĞĂŶ� DĞĚŝĐŝŶĞƐ� �ŐĞŶĐǇ� ;�D�Ϳ� 'ƵŝĚĞůŝŶĞƐ� ŽŶ�
ĐůŝŶŝĐĂů� ŝŶǀĞƐƟŐĂƟŽŶ�ŽĨ�ŶĞǁ�ĚƌƵŐƐ� ĨŽƌ� ƚƌĞĂƚŵĞŶƚ�ŽĨ� ƌŚĞƵŵĂƚŽŝĚ�ĂƌƚŚƌŝƟƐ� ;Z�Ϳ� 2

. The gold 

ƐƚĂŶĚĂƌĚ�ŝŵĂŐŝŶŐ�ƚĞĐŚŶŝƋƵĞ�ĨŽƌ�ĂƐƐĞƐƐŝŶŐ�ƚŚĞ�ĚĞŐƌĞĞ�ŽĨ�ƐƚƌƵĐƚƵƌĂů�ĚĂŵĂŐĞ�ŝƐ�ĐŽŶǀĞŶƟŽŶĂů�
radiography 

3͕�ĂŶĚ�ƚŚĞ�^ŚĂƌƉͲǀĂŶ�ĚĞƌ�,ĞŝũĚĞ�;^,^Ϳ�ŵĞƚŚŽĚ�ƌĞĐŽŵŵĞŶĚĞĚ�ďǇ�ƚŚĞ��D��ĨŽƌ�
assessing radiological progression 

2
. 

ZĞůŝĂďŝůŝƚǇ�ŽĨ�ƚŚĞ�ƐĐŽƌŝŶŐ�ŵĞƚŚŽĚ�ŝƐ�ĞƐƐĞŶƟĂů�ƚŽ�ďĞ�ĂďůĞ�ƚŽ�ĚĞƚĞĐƚ�ĚŝīĞƌĞŶĐĞƐ�ŝŶ�ƌĂĚŝŽůŽŐŝĐĂů�
ƉƌŽŐƌĞƐƐŝŽŶ� ďĞƚǁĞĞŶ� ƚƌĞĂƚŵĞŶƚ� ĂƌŵƐ͕� ŝŶ� ŽƌĚĞƌ� ƚŽ� ĂƐƐĞƐƐ� ƚŚĞ� ĞĸĐĂĐǇ� ŽĨ� ƚŚĞƌĂƉĞƵƟĐ�
ŝŶƚĞƌǀĞŶƟŽŶƐ�ŝŶ�ƌĂŶĚŽŵŝǌĞĚ�ĐŽŶƚƌŽůůĞĚ�ƚƌŝĂůƐ�;Z�dƐͿ͘�ZĞůŝĂďŝůŝƚǇ�ĐĂŶ�ďĞ�ƌĞƉŽƌƚĞĚ�ŝŶ�ƌĞůĂƟǀĞ�
ƚĞƌŵƐ�ƵƐŝŶŐ�ƐƚĂƟƐƟĐƐ�ƐƵĐŚ�ĂƐ�ƚŚĞ�ŝŶƚƌĂĐůĂƐƐ�ĐŽƌƌĞůĂƟŽŶ�ĐŽĞĸĐŝĞŶƚƐ͖�ŚŽǁĞǀĞƌ͕ �ĚĞƐĐƌŝƉƟŽŶƐ�ŽĨ�
ŽƚŚĞƌ�ƐƚĂƟƐƟĐƐ�ƐƵĐŚ�ĂƐ�ƚŚĞ�ƐŵĂůůĞƐƚ�ĚĞƚĞĐƚĂďůĞ�ĚŝīĞƌĞŶĐĞ�;^��Ϳ�ĂŶĚ�ƚŚĞ�ƐŵĂůůĞƐƚ�ĚĞƚĞĐƚĂďůĞ�
ĐŚĂŶŐĞ�;^��Ϳ�ŝƐ�ƌĞĐŽŵŵĞŶĚĞĚ�ďĞĐĂƵƐĞ�ƚŚĞǇ�ƉƌŽǀŝĚĞ�ĂŶ�ĞƐƟŵĂƟŽŶ�ŽĨ�ĂďƐŽůƵƚĞ�ƌĂƚŚĞƌ�ƚŚĂŶ�
ƌĞůĂƟǀĞ� ƌĞůŝĂďŝůŝƚǇ͕ � ĂŶĚ� ƚŚĞǇ�ŵĂǇ� ŐŝǀĞ� ĐůŝŶŝĐĂů� ŐƵŝĚĂŶĐĞ� ĨŽƌ� ĂƐƐĞƐƐŝŶŐ� ƌĞĂů� ĐŚĂŶŐĞƐ� Ăƚ� ƚŚĞ�
ŝŶĚŝǀŝĚƵĂů�ƉĂƟĞŶƚ�ůĞǀĞů�4͘�tŚŝůĞ�ƚŚĞ�^���ŚĂƐ�ďĞĞŶ�ƌĞĐŽŵŵĞŶĚĞĚ�ĂƐ�ŽŶĞ�ŽĨ�ƚŚĞ�ŵĞĂƐƵƌĞƐ�ŝŶ�
ƚŚĞ�ŐƵŝĚĞůŝŶĞƐ�ŽŶ�ƌĞƉŽƌƟŶŐ�ƌĂĚŝŽŐƌĂƉŚŝĐ�ĚĂƚĂ�ŽĨ�Z�dƐ�ŝŶ�Z�͕�ƚŚĞ�^���ŝƐ�ŶŽǁĂĚĂǇƐ�ƌĞĐŽŐŶŝǌĞĚ�
as the preferred measure for absolute agreement 

ϱ͕ϲ͘�dŚĞ�^���ŝƐ�ĂƉƉƌŽƉƌŝĂƚĞ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ŝĨ�
ƉƌŽŐƌĞƐƐŝŽŶ�ŝŶ�ƉĂƟĞŶƚ���ŝƐ�ĚŝīĞƌĞŶƚ�ĨƌŽŵ�ƉƌŽŐƌĞƐƐŝŽŶ�ŝŶ�ƉĂƟĞŶƚ��͘�/Ŷ�ŽƌĚĞƌ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ŝĨ�
ƉƌŽŐƌĞƐƐŝŽŶ�ŝŶ�ĂŶ�ŝŶĚŝǀŝĚƵĂů�ƉĂƟĞŶƚ�ŝƐ�ďĞǇŽŶĚ�ŵĞĂƐƵƌĞŵĞŶƚ�ĞƌƌŽƌ͕ �ŚŽǁĞǀĞƌ͕ �ƚŚĞ�^���ŝƐ�ƚŚĞ�
ŵŽƐƚ�ĂƉƉƌŽƉƌŝĂƚĞ�ƐƚĂƟƐƟĐ�ϱ͕ϲ.

�ƚ�ůĞĂƐƚ�ƚǁŽ�ĂŶĂůǇƟĐĂů�ŵĞƚŚŽĚƐ�ĨŽƌ�ĞƐƟŵĂƟŶŐ�ƚŚĞ�^���ĂƌĞ�ĂǀĂŝůĂďůĞ͗�ŽŶĞ�͚ƐŝŵƉůĞ͛�ŵĞƚŚŽĚ�
ŝƐ�ďĂƐĞĚ�ŽŶ�ƚŚĞ�ƐƚĂŶĚĂƌĚ�ĚĞǀŝĂƟŽŶ�;^�Ϳ�ŽĨ�ƚŚĞ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�ĐŚĂŶŐĞ�ƐĐŽƌĞƐ�ŽďƚĂŝŶĞĚ�
ďǇ�ƚǁŽ�ƌĞĂĚĞƌƐ�ƌĞƐƵůƟŶŐ�ŝŶ�ϵϱй�ůĞǀĞůƐ�ŽĨ�ĂŐƌĞĞŵĞŶƚ�;>Ž�Ϳ�;ĂůƐŽ�ƌĞĨĞƌƌĞĚ�ƚŽ�ĂƐ�ƚŚĞ��ůĂŶĚ�Θ�
�ůƚŵĂŶ�;�Θ�Ϳ�ŵĞƚŚŽĚͿ͖�ƚŚĞ�ŽƚŚĞƌ�ŵĞƚŚŽĚ�ŝƐ�ŵŽƌĞ�ĐŽŵƉůĞǆ�ĂŶĚ�ďĂƐĞĚ�ŽŶ�ŐĞŶĞƌĂůŝǌĂďŝůŝƚǇ�
analysis (the analysis of variance (ANOVA) method). 

dǁŽ�ĂƌŐƵŵĞŶƚƐ�ĐŚĂůůĞŶŐĞ�ƚŚĞ�ŵĞƚŚŽĚŽůŽŐǇ�ŽĨ�ŽďƚĂŝŶŝŶŐ�^���ĐƵƚͲŽī�ůĞǀĞůƐ�ĂƐ�ĂƉƉƌŽƉƌŝĂƚĞ�
surrogates for inter-reader reliability:

ϭͿ� dŚĞ� ƐŝŵƉůĞ� >Ž�� ŵĞƚŚŽĚ� ŝƐ� ŽŶůǇ� ĂƉƉůŝĐĂďůĞ� ŝĨ� ƚǁŽ� ƐĐŽƌĞƐ� ;ƚǁŝĐĞ� ƐĐŽƌĞĚ� ďǇ� ƚŚĞ� ƐĂŵĞ�
ŽďƐĞƌǀĞƌ�Žƌ� ƚǁŽ�ŽďƐĞƌǀĞƌƐͿ�ĂƌĞ�ŽďƚĂŝŶĞĚ͘� /Ŷ� ƚŚĞ�ĐĂƐĞ�ŽĨ�ŵƵůƟƉůĞ�ƟŵĞ�ƉŽŝŶƚƐ�Žƌ�ŵƵůƟƉůĞ�
ƌĞĂĚĞƌƐ�;ĐŽŵƉůĞǆ�ĚĂƚĂďĂƐĞƐͿ͕�ǁŚŝĐŚ�ŝƐ�ĐŽŵŵŽŶ�ŝŶ�Z��ƚƌŝĂůƐ͕�ŽŶůǇ�Ă�ŐĞŶĞƌĂůŝǌĂďŝůŝƚǇ�ĂŶĂůǇƐŝƐ�
ŝƐ�ĂƉƉƌŽƉƌŝĂƚĞ͘�,ŽǁĞǀĞƌ͕ �ĞƐƟŵĂƟŶŐ�ƚŚĞ�^���ŝŶ�ĐŽŵƉůĞǆ�ĚĂƚĂďĂƐĞƐ�ƌĞƋƵŝƌĞƐ�ŵŽƌĞ�ƐƚĂƟƐƟĐĂů�
ĞǆƉĞƌƟƐĞ�ĂŶĚ�ŝƐ�ŵŽƌĞ�ůĂďŽƌŝŽƵƐ͕�ĂŶĚ�Ă�ƐŝŵƉůĞƌ�ŵĞƚŚŽĚ�ŝƐ�ǁĂƌƌĂŶƚĞĚ͘

ϮͿ� dŚĞ� ^��� ŝƐ� ĐĂůĐƵůĂƚĞĚ�ƵƐŝŶŐ�ϵϱй�>Ž�͕�ďĂƐŝĐĂůůǇ� ĂƐƐƵŵŝŶŐ� ƚŚĂƚ�ϵϱй�ŽĨ� ƚŚĞ� ŝŶƚĞƌͲƌĞĂĚĞƌ�
ĚŝīĞƌĞŶĐĞƐ�ŽĨ�ƉĂŝƌĞĚ�ŽďƐĞƌǀĂƟŽŶƐ� ŝŶ�Ă� ƐĐĞŶĂƌŝŽ�ǁŝƚŚ� ƚǁŽ� ƌĞĂĚĞƌƐ� ŝƐ� ĐĂƉƚƵƌĞĚ�ǁŝƚŚŝŶ� ƚŚĞ�
ĂƌĞĂ�ĚĞůŝŶĞĂƚĞĚ�ďǇ�ƚŚĞ�ƵƉƉĞƌ�ĂŶĚ�ůŽǁĞƌ�ϵϱй�>Ž�͕�ĂŶĚ�ŶŽƚ�ŵŽƌĞ�ƚŚĂŶ�ϱй�ŽĨ�ƚŚĞ�ĚŝīĞƌĞŶĐĞƐ�
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ĂƌĞ�ŵŽƌĞ�ĞǆƚƌĞŵĞ͘�/ƚ�ĐĂŶ�ďĞ�ĂƌŐƵĞĚ�ƚŚĂƚ�ƚŚŝƐ�ƌĞƋƵŝƌĞŵĞŶƚ�ŝƐ�ƌĂƚŚĞƌ�ƐƚƌŝĐƚ͘�&Žƌ�ĞǆĂŵƉůĞ͕� ŝƚ�
ŚĂƐ� ďĞĞŶ� ƐŚŽǁŶ� ƚŚĂƚ� ƚŚĞ� ^��� ;^���ŵƵůƟƉůŝĞĚ� ďǇ� ^YZdϮͿ� ŝƐ� Ă� ĐŽŶƐĞƌǀĂƟǀĞ� ĞƐƟŵĂƚĞ͕� ĂƐ�
ƌŚĞƵŵĂƚŽůŽŐŝƐƚƐ�ŚĂǀĞ�ƌĂƚĞĚ�ƉƌŽŐƌĞƐƐŝŽŶ�Ăƚ�Žƌ�ďĞůŽǁ�ƚŚŝƐ�ůĞǀĞů�ĂƐ�ĐůŝŶŝĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�7͘�&ƵƌƚŚĞƌ͕ �
ƚŚĞƌĞ�ŝƐ�ŶŽ�ƐĐŝĞŶƟĮĐ�ďĂƐŝƐ�ĨŽƌ�ĐŚŽŽƐŝŶŐ�Ă�ϵϱй�ůŝŵŝƚ�ŽǀĞƌ�Ă�ůĞƐƐ�ƐƚƌŝĐƚ�ůŝŵŝƚ͕�ĂŶĚ�ŽŶĞ�ŵĂǇ�ĂƌŐƵĞ�
ƚŚĂƚ�ƚŚĞ�ƵƐĞ�ŽĨ�ϴϬй�>Ž��ŝƐ�ŶŽƚ�ŽŶůǇ�ƐƵĸĐŝĞŶƚůǇ�ƐƚƌŝĐƚ�ƚŽ�ƐĞůĞĐƚ�Ă�ĐƵƚͲŽī�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ŝĨ�Ă�
ƉĂƟĞŶƚ�ƐŚŽǁƐ�ƉƌŽŐƌĞƐƐŝŽŶ�ďĞǇŽŶĚ�ŵĞĂƐƵƌĞŵĞŶƚ�ĞƌƌŽƌ͕ �ďƵƚ�ŝƐ�ĂůƐŽ�ĐůŽƐĞƌ�ƚŽ�ƌĞĂůŝƚǇ�ŝŶ�ƚĞƌŵƐ�
of what clinicians consider relevant.  

dŚĞ�ƉƌŝŶĐŝƉĂů�Ăŝŵ�ŽĨ�ƚŚŝƐ�ƐƚƵĚǇ�ŝƐ�ƚǁŽĨŽůĚ͗�ĮƌƐƚ͕�ƚŽ�ĞǀĂůƵĂƚĞ�ŝĨ�ƚŚĞ�ŵĞĂŶ�^���ŽĨ�ŵƵůƟƉůĞ�ƟŵĞ�
ŝŶƚĞƌǀĂůƐ�ŝŶ�ĐŽŵƉůĞǆ�ĚĂƚĂďĂƐĞƐ�ƵƐŝŶŐ�ƚŚĞ�͚ƐŝŵƉůĞ͛�>Ž��ŵĞƚŚŽĚ�ƉĞƌ�ŝŶƚĞƌǀĂů�ŝƐ�ĂŶ�ĂƉƉƌŽƉƌŝĂƚĞ�
ƐƵƌƌŽŐĂƚĞ� ĨŽƌ� ƚŚĞ� ŐĞŶĞƌĂůŝǌĂďŝůŝƚǇ� ĂŶĂůǇƐŝƐ� ĨŽƌ� ĞƐƟŵĂƟŶŐ� ƚŚĞ� ŽǀĞƌĂůů� ^��� ŽĨ� ƌĂĚŝŽůŽŐŝĐĂů�
ƉƌŽŐƌĞƐƐŝŽŶ͖�ƐĞĐŽŶĚ͕�ƚŽ�ĐŽŵƉĂƌĞ�ƚŚĞ�^���ďĂƐĞĚ�ŽŶ�ϵϱй�>Ž��ǁŝƚŚ�ƚŚĞ�^���ďĂƐĞĚ�ŽŶ�ϴϬй�
>Ž�͕�ĂŶĚ�ƚŽ�ŝŶǀĞƐƟŐĂƚĞ�ƚŚĞ�ĂƐƐŽĐŝĂƟŽŶ�ďĞƚǁĞĞŶ�ďĂƐĞůŝŶĞ�ƌĂĚŝŽůŽŐŝĐĂů�ĚĂŵĂŐĞͬƌĂĚŝŽůŽŐŝĐĂů�
ƉƌŽŐƌĞƐƐŝŽŶ�ĂŶĚ�ƚŚĞ�ŵĂŐŶŝƚƵĚĞ�ŽĨ�ƚŚĞ�^��͘

D�d,K�^

�ĂƚĂ�ǁĞƌĞ�ĞǆƚƌĂĐƚĞĚ� ĨƌŽŵ�ϭϱ�ĚĂƚĂďĂƐĞƐ�ŽĨ�Z�dƐ� ƚĞƐƟŶŐ�ďŝŽůŽŐŝĐĂů� ƚƌĞĂƚŵĞŶƚƐ� ŝŶ�ƉĂƟĞŶƚƐ�
ǁŝƚŚ�Z�͘��ůů�ƚŚĞƐĞ�ƚƌŝĂůƐ�ǁĞƌĞ�ƉĞƌĨŽƌŵĞĚ�ĂĐĐŽƌĚŝŶŐ�ƚŽ�ŐŽŽĚ�ĐůŝŶŝĐĂů�ƉƌĂĐƟĐĞ�ĂŶĚ�Ăůů�ƐƚƵĚŝĞƐ�
received ethical approval. We selected these studies because they had been used for 

ƌĞŐŝƐƚƌĂƟŽŶ�ƉƵƌƉŽƐĞƐ�ƵƐŝŶŐ�ƐŝŵŝůĂƌ�ŵĞƚŚŽĚŽůŽŐŝĞƐ�ĂŶĚ�Ăůů�ƐĐŽƌĞĚ�ďǇ�ŵĞŵďĞƌƐ�ŽĨ�ŽƵƌ�ŐƌŽƵƉ�
ĂĐĐŽƌĚŝŶŐ� ƚŽ� ƚŚĞ� ^,^�ŵĞƚŚŽĚ� 8͘� dŚŝƌƚĞĞŶ�ĞǆƉĞƌŝĞŶĐĞĚ� ƌĞĂĚĞƌƐ͕�ǁŚŽ�ŚĂĚ� Ăůů� ƌĞĐĞŝǀĞĚ� ƚŚĞ�
ƐĂŵĞ�ƚƌĂŝŶŝŶŐ͕�ƐĐŽƌĞĚ�Ăůů�ĚŝŐŝƟǌĞĚ�ĮůŵƐ�ŝŶ�ƉĂŝƌƐ�ŽŶ�Ă�Ϯϭ��&Z�WĂƌƚ�ϭϭ�ĐŽŵƉůŝĂŶƚ�ƌĞĂĚ�ƐǇƐƚĞŵ�
ĚĞƉůŽǇĞĚ�ďǇ��ŝŽ�ůŝŶŝĐĂ͕��ŽĚĞ�ŽĨ�&ĞĚĞƌĂů�ZĞŐƵůĂƟŽŶƐ͘�dŚĞ�ƌĞĂĚĞƌƐ�ǁĞƌĞ�ďůŝŶĚĞĚ�ƚŽ�ƉĂƟĞŶƚ�
ŝĚĞŶƟĮĐĂƟŽŶ͕�ƚƌĞĂƚŵĞŶƚ�ĂŶĚ�ĐŚƌŽŶŽůŽŐǇ�ŽĨ�ƚŚĞ�ƟŵĞ�ƉŽŝŶƚƐ͘� /ŶŝƟĂůůǇ͕ � ƚŚĞ�ƚŽƚĂů�^,^�ĨŽƌ�Ăůů�
ƉĂƟĞŶƚƐ�ǁĂƐ�ĐĂůĐƵůĂƚĞĚ�ƉĞƌ�ǀŝƐŝƚ�ĂŶĚ�ƉĞƌ�ƌĞĂĚĞƌ�ĨŽƌ�Ăůů�ǀŝƐŝƚƐ͘�EĞǆƚ͕�ƚŚĞ�^���ǁĂƐ�ĐĂůĐƵůĂƚĞĚ�
ƵƐŝŶŐ�ƚŚĞ�ƐŝŵƉůĞ�>Ž��9�ĂŶĚ�Ă�ŐĞŶĞƌĂůŝǌĂďŝůŝƚǇ�ĂŶĂůǇƐŝƐ�ĂƐ�ĨŽůůŽǁƐ͘

>Ž��;�Θ��ŵĞƚŚŽĚͿ

&ŝƌƐƚ͕� ƚŚĞ� ĐŚĂŶŐĞ� ƐĐŽƌĞ� ƉĞƌ� ƌĞĂĚĞƌ� ǁĂƐ� ĐĂůĐƵůĂƚĞĚ� ŽŶ� Ă� ƉĞƌ� ƟŵĞͲƉŽŝŶƚ� ďĂƐŝƐ� ΀ďĂƐĞůŝŶĞͲ
ĮƌƐƚ� ĨŽůůŽǁͲƵƉ͕� ĮƌƐƚ� ĨŽůůŽǁͲƵƉͲƐĞĐŽŶĚ� ĨŽůůŽǁͲƵƉ� ĂŶĚ� ƐĞĐŽŶĚ� ĨŽůůŽǁͲƵƉͲƚŚŝƌĚ� ĨŽůůŽǁͲƵƉ� ;ŝĨ�
ĂƉƉůŝĐĂďůĞͿ΁͕�ĂŶĚ�ƐƵďƐĞƋƵĞŶƚůǇ� ƚŚĞ�ĚŝīĞƌĞŶĐĞ� ŝŶ�ĐŚĂŶŐĞ�ƐĐŽƌĞƐ�ďĞƚǁĞĞŶ�ƚŚĞ� ƚǁŽ�ƌĞĂĚĞƌƐ�
ǁĂƐ�ĐĂůĐƵůĂƚĞĚ͘�^ĞĐŽŶĚ͕�ƚŚĞ�^��ŽĨ�ƚŚĂƚ�ĚŝīĞƌĞŶĐĞ�ǁĂƐ�ĐĂůĐƵůĂƚĞĚ͘�dŚĞ�^���ĨŽƌ�Ăůů�ŝŶƚĞƌǀĂůƐ�
ŽĨ� ĞĂĐŚ� ƚƌŝĂů� ǁĂƐ� ĞƐƟŵĂƚĞĚ� ƵƐŝŶŐ� ƚŚĞ� ĨŽƌŵƵůĂ� ;цϭ͘ϵϲΎ^�Ϳͬ;яϮΎяŬͿ� ĨŽƌ� ϵϱй� >Ž�� ĂŶĚ�������������������������
;цϭ͘ϮϴΎ^�Ϳͬ;яϮΎяŬͿ�ĨŽƌ�ϴϬй�>Ž�͕�ŝŶ�ǁŚŝĐŚ�Ŭ�ƌĞƉƌĞƐĞŶƚƐ�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ƌĞĂĚĞƌƐ�ǁŝƚŚŝŶ�ƚŚĞ�
ƐĂŵĞ�ƌĞĂĚŝŶŐ�ƐĞƐƐŝŽŶ�;ĞƋƵĂůƐ�Ϯ�ŝŶ�ƚŚŝƐ�ƐƚƵĚǇͿ͘�&ŝŶĂůůǇ͕ �ǁĞ�ĞƐƟŵĂƚĞĚ�Ă�ŵĞĂŶ�ϵϱй�>Ž��^���
ƉĞƌ� ƐƚƵĚǇ�ďǇ� ĐĂůĐƵůĂƟŶŐ� ƚŚĞ� ĂǀĞƌĂŐĞ�ŽĨ� ƚŚĞ�ϵϱй� >Ž�� ^��Ɛ�ŽĨ� Ăůů� ŝŶƚĞƌǀĂůƐ� ŽĨ� ƚŚĞ� ƐƚƵĚǇ�������������
;^��1st interval н�^��2nd interval н�^��3rd interval͙͙н�^��n intervalͿͬŶ͘
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5

'ĞŶĞƌĂůŝǌĂďŝůŝƚǇ�ĂŶĂůǇƐŝƐ�;�EKs��ŵĞƚŚŽĚͿ

&Žƌ�ƚŚĞ�ŐĞŶĞƌĂůŝǌĂďŝůŝƚǇ�ĂŶĂůǇƐŝƐ͕�ǁĞ�ƉĞƌĨŽƌŵĞĚ�ĂŶ��EKs��ĂƐ�ƉƌŽƉŽƐĞĚ�ďǇ��ƌƵǇŶĞƐƚĞǇŶ�Ğƚ�
al 

6͘�ZĂŶĚŽŵ�ǀĂƌŝĂƟŽŶ�ŝŶ�ĐŚĂŶŐĞ�ƐĐŽƌĞƐ�;ƚŚĞ�ƌĞƐŝĚƵĂů�ĞƌƌŽƌͿ�ƉĞƌ�ƚƌŝĂů�ǁĂƐ�ĚĞƚĞƌŵŝŶĞĚ͕�ƚĂŬŝŶŐ�
ŝŶƚŽ�ĂĐĐŽƵŶƚ�Ăůů�ƚŚĞ�ƟŵĞ�ƉŽŝŶƚƐ�ĨƌŽŵ�ƚŚĞ�ƐĂŵĞ�ƚƌŝĂů͕�ƵƐŝŶŐ�Ă�ĨƵůůͲĨĂĐƚŽƌŝĂů�ƵŶŝǀĂƌŝĂƚĞ�ůŝŶĞĂƌ�
ŵŽĚĞů͕�ĂƐ�ĚĞƚĂŝůĞĚ�ŝŶ�ƚŚĞ�ƐƚĂƟƐƟĐĂů�ĂŶĂůǇƐŝƐ�ďĞůŽǁ͘�dŚĞ�ƐƚĂŶĚĂƌĚ�ĞƌƌŽƌ�ŽĨ�ƚŚĞ�ŵĞĂŶ�;^�DͿ�
ǁĂƐ�ĐĂůĐƵůĂƚĞĚ�ďǇ�ƚĂŬŝŶŐ�ƚŚĞ�ƐƋƵĂƌĞ�ƌŽŽƚ�ŽĨ�ƚŚŝƐ�ƌĞƐŝĚƵĂů�ĞƌƌŽƌ�ĂŶĚ�ƚŚĞ�^���ĨŽƌ�Ăůů�ŝŶƚĞƌǀĂůƐ�ŽĨ�
ĞĂĐŚ�ƚƌŝĂů�ǁĂƐ�ĞƐƟŵĂƚĞĚ�ƵƐŝŶŐ�ƚŚĞ�ĨŽƌŵƵůĂ�;цϭ͘ϵϲΎ^�DͿͬяŬ�ĨŽƌ�ϵϱй�>Ž��ĂŶĚ�;цϭ͘ϮϴΎ^�DͿͬяŬ�
ĨŽƌ�ϴϬй�>Ž�͕�ǁŚĞƌĞ�Ŭ�ƌĞƉƌĞƐĞŶƚƐ�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ƌĞĂĚĞƌƐ�;ĞƋƵĂůƐ�Ϯ�ŝŶ�ƚŚŝƐ�ƐƚƵĚǇͿ͘�

dŽ�ĐŽŵƉĂƌĞ�ƚŚĞ��Θ��ŵĞƚŚŽĚ�ǁŝƚŚ�ƚŚĞ��EKs��ŵĞƚŚŽĚ͕�ǁĞ�ĞǆĐůƵĚĞĚ�ƐƚƵĚŝĞƐ�ǁŝƚŚ�ŽŶůǇ�ƚǁŽ�
ƟŵĞ�ƉŽŝŶƚƐ�;ŶсϮͿ�ĨƌŽŵ�ƚŚŝƐ�ĂŶĂůǇƐŝƐ͘

^ƚĂƟƐƟĐĂů�ĂŶĂůǇƐŝƐ

&Žƌ�ĚĞƐĐƌŝƉƟǀĞ�ƉƵƌƉŽƐĞ͕�ƚŚĞ�ǀĂůƵĞƐ�ŝŶĐůƵĚŝŶŐ�ƚŚĞ�ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ�ŽĨ�Ăůů�Z�dƐ�ĂƌĞ�ƉƌĞƐĞŶƚĞĚ�
ĂƐ�ŵĞĚŝĂŶ�;ŝŶƚĞƌƋƵĂƌƟůĞ�ƌĂŶŐĞ�Ͳ/YZͲͿ͘��ůů�ƚƌĞĂƚŵĞŶƚ�ĂƌŵƐ�ǁĞƌĞ�ĐŽŶƐŝĚĞƌĞĚ�ĂƐ�ŽŶĞ�ƉĞƌ�ƚƌŝĂů͘�
dŚĞ�ǀĂƌŝĂŶĐĞ�ĐŽŵƉŽŶĞŶƚƐ�;ŝŶĐůƵĚŝŶŐ�ƌĞƐŝĚƵĂů�ĞƌƌŽƌͿ�ǁĞƌĞ�ĞƐƟŵĂƚĞĚ�ďǇ�ƚŚƌĞĞͲǁĂǇ��EKs�͕�
ǁŝƚŚ�ĐŚĂŶŐĞ�ƐĐŽƌĞ�ďĞƚǁĞĞŶ�ƚǁŽ�ƟŵĞ�ƉŽŝŶƚƐ�ƉĞƌ�ƌĞĂĚĞƌ�ĂƐ�ƚŚĞ�ĚĞƉĞŶĚĞŶƚ�ǀĂƌŝĂďůĞ͕�ƉĂƟĞŶƚ�
ĂŶĚ�ƌĞĂĚĞƌ�ĂƐ�ƌĂŶĚŽŵ�ĨĂĐƚŽƌƐ͕�ĂŶĚ�ƟŵĞ�ŝŶƚĞƌǀĂů�ĂƐ�ĮǆĞĚ�ĨĂĐƚŽƌ�ĂŶĚ�Ăůů�ƉŽƐƐŝďůĞ�ŝŶƚĞƌĂĐƟŽŶƐ�
;ƉĂƟĞŶƚΎƌĞĂĚĞƌ͕ �ƉĂƟĞŶƚΎƟŵĞ�ŝŶƚĞƌǀĂů�ĂŶĚ�ƉĂƟĞŶƚΎƌĞĂĚĞƌΎƟŵĞ�ŝŶƚĞƌǀĂůͿ�ǁĞƌĞ�ĂůƐŽ�ŝŶĐůƵĚĞĚ�
ŝŶ�ƚŚĞ��EKs��ƚŽ�ŽďƚĂŝŶ�ƚŚĞ�ƌĞƐŝĚƵĂů�ĞƌƌŽƌ�ĐŽŵƉŽŶĞŶƚƐ͘�^ƚĂƟƐƟĐĂů�ĂŶĂůǇƐŝƐ�ǁĂƐ�ƉĞƌĨŽƌŵĞĚ�
ƵƐŝŶŐ�^W^^�ƐŽŌǁĂƌĞ�ǀĞƌƐŝŽŶ�ϭϴ͘Ϭ͘

Z�^h>d^

��ƚŽƚĂů�ŽĨ�Ϯϭ͕Ϯϵϱ�ƟŵĞ�ƉŽŝŶƚƐ�ĨƌŽŵ�ϳ͕ϲϰϯ�ƉĂƟĞŶƚƐ�ǁĞƌĞ�ŝŶĐůƵĚĞĚ�ŝŶ�ƚŚĞ�ĂŶĂůǇƐŝƐ͘�&ƌŽŵ�Ăůů�Z�dƐ͕�
ƚǁŽ�ƐƚƵĚŝĞƐ�ŚĂĚ�ƚǁŽ�ƟŵĞ�ƉŽŝŶƚƐ͕�ϭϬ�ƐƚƵĚŝĞƐ�ŚĂĚ�ƚŚƌĞĞ�ƟŵĞ�ƉŽŝŶƚƐ�ĂŶĚ�ƚŚƌĞĞ�ƐƚƵĚŝĞƐ�ŚĂĚ�
ĨŽƵƌ�ƟŵĞ�ƉŽŝŶƚƐ͘�dŚĞ�ŵĞĚŝĂŶ�;ƌĂŶŐĞͿ�ƐĂŵƉůĞ�ƐŝǌĞ�ŽĨ�ƚŚĞ�ƐƚƵĚŝĞƐ�ǁĂƐ�ϱϭϳ�;ϭϬϯͲϵϮϭͿ�ƉĂƟĞŶƚƐ͕�
ĂŶĚ�ƚŚĞ�ŶƵŵďĞƌ�ŽĨ�ƟŵĞ�ƉŽŝŶƚƐ�ǁŝƚŚŝŶ�ŽŶĞ�ƌĞĂĚŝŶŐ�ƐĞƐƐŝŽŶ�ǁĂƐ�ƚǁŽ�ĨŽƌ�ϭ͕ϭϳϮ�ƉĂƟĞŶƚƐ͕�ƚŚƌĞĞ�
ĨŽƌ�ϱ͕Ϯϵϲ�ƉĂƟĞŶƚƐ�ĂŶĚ�ĨŽƵƌ�ĨŽƌ�ϭ͕ϭϳϱ�ƉĂƟĞŶƚƐ͘�dŚĞ�ŵĞĚŝĂŶ�;/YZͿ�ĚŝƐĞĂƐĞ�ĚƵƌĂƟŽŶ�ŽĨ�ƉĂƟĞŶƚƐ�
ŝŶĐůƵĚĞĚ�ŝŶ�ƚŚĞ�ƐƚƵĚŝĞƐ�ǁĂƐ�ϲ�;ϯͲϳͿ�ǇĞĂƌƐ͕�ĂŶĚ�ƚŚĞ�ŵĞĚŝĂŶ�;/YZͿ�ďĂƐĞůŝŶĞ�ƌĂĚŝŽůŽŐŝĐĂů�ĚĂŵĂŐĞ�
ĂŶĚ�ƉƌŽŐƌĞƐƐŝŽŶ�ŝŶ�^,^�ƚŽ�ůĂƐƚ�ĨŽůůŽǁͲƵƉ�ĂĐƌŽƐƐ�Ăůů�ƐƚƵĚŝĞƐ�ǁĂƐ�ϯϮ�;ϭϴͲϰϴͿ�ĂŶĚ�ϭ͘ϭ�;Ϭ͘ϱͲϮ͘ϬͿ͕�
ƌĞƐƉĞĐƟǀĞůǇ͘�

Since the principal aim of this study was to propose a surrogate for the ANOVA method for 

ĐĂůĐƵůĂƟŶŐ�ƚŚĞ�^���ǁŚĞŶ�ŵŽƌĞ�ƚŚĂŶ�ƚǁŽ�ƟŵĞ�ƉŽŝŶƚƐ�ĂƌĞ�ƐĐŽƌĞĚ�ǁŝƚŚŝŶ�ƚŚĞ�ƐĂŵĞ�ƌĞĂĚŝŶŐ�
ƐĞƐƐŝŽŶ͕�ǁĞ�ĞǀĂůƵĂƚĞĚ�ƚŚĞ�ĂŐƌĞĞŵĞŶƚ�ďĞƚǁĞĞŶ�ƚŚĞ�ƚǁŽ�ĚŝīĞƌĞŶƚ�ŵĞƚŚŽĚƐ�;>Ž��ŵĞƚŚŽĚ�ĂŶĚ�
�EKs��ŵĞƚŚŽĚͿ� ĞŵƉůŽǇŝŶŐ� Ă��Θ��ƉůŽƚ͖� ƚŚŝƐ�ŵĞĂŶƐ�ƉůŽƫŶŐ� ƚŚĞ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ� ƚŚĞ�
ŵĞƚŚŽĚƐ�ĂŐĂŝŶƐƚ�ƚŚĞŝƌ�ŵĞĂŶ�ĂƐ�ƐŚŽǁŶ�ŝŶ�&ŝŐƵƌĞ�ϭ͘�dŚĞ�ŵĞĂŶ�;ƌĂŶŐĞͿ�^���ŽǀĞƌ�ƚŚĞ�ŝŶĐůƵĚĞĚ�
ƐƚƵĚŝĞƐ�ďĂƐĞĚ�ŽŶ�ƚŚĞ�ϵϱй�>Ž��ĂŶĚ��EKs��ŵĞƚŚŽĚƐ�ǁĂƐ�ϯ͘ϭ�;Ϯ͘ϯͲϰ͘ϯͿ�ĂŶĚ�ϯ͘Ϯ�;Ϯ͘ϯͲϰ͘ϲͿ�ƵŶŝƚƐ͕�
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ƌĞƐƉĞĐƟǀĞůǇ͘�dŚĞ�ŵĞĂŶ�ц�^��ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�ƚŚĞ�ƚǁŽ�ŵĞƚŚŽĚƐ�ǁĂƐ�ͲϬ͘ϭϯ�ц�Ϭ͘Ϯϴ͕�ƌĂŶŐĞ�
;ͲϬ͘ϰϴ͕�Ϭ͘ϮϱͿ�ƵŶŝƚƐ͘�dŚĞ�ŵĞĂŶ�ŽĨ�ƚŚĞ�^���ĨŽƌ�Ăůů�ƐƚƵĚŝĞƐ�ǁĂƐ�ƐŽŵĞǁŚĂƚ�ŚŝŐŚĞƌ�ĨŽƌ�ƚŚĞ��EKs��
ŵĞƚŚŽĚ�;ŶŽƚ�ƐƚĂƟƐƟĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚͿ͘�EŽ�ƉĂƌƟĐƵůĂƌ�ƚƌĞŶĚ�ǁĂƐ�ŽďƐĞƌǀĞĚ͕�ĂŶĚ�ƚŚĞƌĞĨŽƌĞ�ƚŚĞ�
ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�ƚŚĞ�ƚǁŽ�ŵĞƚŚŽĚƐ�ĚŝĚ�ŶŽƚ�ƚĞŶĚ�ƚŽ�ŐĞƚ�ůĂƌŐĞƌ�;Žƌ�ƐŵĂůůĞƌͿ�ĂƐ�ƚŚĞ�ĂǀĞƌĂŐĞ�
ĚŝƐĐƌĞƉĂŶĐǇ�ŝŶĐƌĞĂƐĞĚ͘�dŚĞ�ǀĂƌŝĂďŝůŝƚǇ�ǁĂƐ�ĂůƐŽ�ĐŽŶƐŝƐƚĞŶƚ�ĂůŽŶŐ�ƚŚĞ�ƌĂŶŐĞ�ŽĨ�ŽďƐĞƌǀĂƟŽŶƐ�
;ŚŽŵŽƐĐĞĚĂƐƟĐŝƚǇ� ŽĨ� ƚŚĞ� ƐĐĂƩĞƌͿ͘�DŽƌĞŽǀĞƌ͕ � ŵĞĚŝĂŶ� ǀĂůƵĞƐ� ĨŽƌ� ƚŚĞ� ĚŝīĞƌĞŶĐĞ� ďĞƚǁĞĞŶ�
ƚŚĞ�ϵϱй�>Ž��ĂŶĚ��EKs��ŵĞƚŚŽĚƐ�ǁĞƌĞ�ŚŝŐŚĞƌ�ŝŶ�ƐƚƵĚŝĞƐ�ǁŝƚŚ�ůĞƐƐ�ƌĂĚŝŽŐƌĂƉŚŝĐ�ĚĂŵĂŐĞ�Ăƚ�
baseline and less radiographic progression compared with studies with more radiographic 

ĚĂŵĂŐĞ�ĂŶĚ�ƉƌŽŐƌĞƐƐŝŽŶ�;ͲϬ͘ϮϮ�ǀƐ�Ϭ͘Ϭϳ�ĂŶĚ�ͲϬ͘ϮϮ�ǀƐ�Ϭ͘Ϭϰ͕�ƌĞƐƉĞĐƟǀĞůǇͿ͕�ďƵƚ�ŶŽ�ĚŝīĞƌĞŶĐĞƐ�ŝŶ�
the range was observed (supplementary Table S1).

^ĞĐŽŶĚ͕�ǁĞ�ĐŽŵƉĂƌĞĚ�ƚŚĞ�^���ďĂƐĞĚ�ŽŶ�ƚŚĞ�ϵϱй�>Ž��ǁŝƚŚ�ƚŚĞ�^���ďĂƐĞĚ�ŽŶ�ƚŚĞ�ϴϬй�>Ž��
ƵƐŝŶŐ�ƚŚĞ�>Ž��ŵĞƚŚŽĚ͘�&ŝŐƵƌĞ�Ϯ�ƐŚŽǁƐ�ƚŚĞ�^���ǀĂůƵĞƐ� ĨŽƌ�Ăůů� ŝŶƚĞƌǀĂůƐ�ĂŶĚ�ƐƚƵĚŝĞƐ�ďĂƐĞĚ�
ŽŶ�ďŽƚŚ�>Ž�Ɛ͘�dŚĞ�ŵĞĚŝĂŶ�;ƌĂŶŐĞͿ�ĚŝīĞƌĞŶĐĞ�ďĞƚǁĞĞŶ�ƚŚĞ�ϵϱй�ĂŶĚ�ϴϬй�>Ž��^��Ɛ�ǁĂƐ�ϭ͘ϭ���
;Ϭ͘ϴͲϭ͘ϲͿ�ĨŽƌ�ƚŚĞ�ĮƌƐƚ�ŝŶƚĞƌǀĂů͕�Ϭ͘ϵ�;Ϭ͘ϳͲϭ͘ϱͿ�ĨŽƌ�ƚŚĞ�ƐĞĐŽŶĚ�ŝŶƚĞƌǀĂů�ĂŶĚ�ϭ͘ϯ�;ϭ͘ϭͲϭ͘ϰͿ�ĨŽƌ�ƚŚĞ�
ƚŚŝƌĚ� ŝŶƚĞƌǀĂů͘� dŚĞ�ŵĞĂŶ� ц� ^�� ^��� ŝŶĐůƵĚŝŶŐ� Ăůů� ƚŚĞ� ^��Ɛ� ĐĂůĐƵůĂƚĞĚ� ĨŽƌ� Ăůů� ŝŶƚĞƌŵĞĚŝĂƚĞ�
ŝŶƚĞƌǀĂůƐ�;ŶсϯϭͿ�ǁĂƐ�ϯ͘Ϭ�ц�Ϭ͘ϳ�ĨŽƌ�ϵϱй�>Ž��ĂŶĚ�Ϯ͘Ϭ�ц�Ϭ͘ϰ�ĨŽƌ�ϴϬй�>Ž�͘�

&ŝŶĂůůǇ͕ � ǁĞ� ĂůƐŽ� ŝŶǀĞƐƟŐĂƚĞĚ� ŝĨ� ƚŚĞƌĞ� ǁĂƐ� ĂŶ� ĂƐƐŽĐŝĂƟŽŶ� ďĞƚǁĞĞŶ� ďĂƐĞůŝŶĞ� ƌĂĚŝŽůŽŐŝĐĂů�
ĚĂŵĂŐĞ�ĂŶĚ�ƌĂĚŝŽŐƌĂƉŚŝĐ�ƉƌŽŐƌĞƐƐŝŽŶ�ƚŽ�ůĂƐƚ�ĨŽůůŽǁͲƵƉ�ǁŝƚŚ�ƚŚĞ�^��͘�tĞ�ĚŝĚ�ŶŽƚ�ŽďƐĞƌǀĞ�
ĂŶǇ� ƌĞůĂƟŽŶƐŚŝƉ�ďĞƚǁĞĞŶ�ƚŚĞ�ĚĞŐƌĞĞ�ŽĨ�ĚĂŵĂŐĞ�Ăƚ�ďĂƐĞůŝŶĞ� ;^,^Ϳ�ĂŶĚ� ƚŚĞ�^��� ;ƌ2с�Ϭ͘Ϭϭ͕�
ƉсϬ͘ϴͿ�;&ŝŐƵƌĞ�ϯĂͿ͕�ǁŚŝůĞ�ĂŶ�ĂƐƐŽĐŝĂƟŽŶ�ďĞƚǁĞĞŶ�ƌĂĚŝŽůŽŐŝĐĂů�ƉƌŽŐƌĞƐƐŝŽŶ�ĂŶĚ�ƚŚĞ�^���ǁĂƐ�
obvious (r

2с�Ϭ͘ϲϰ͕�ƉфϬ͘ϬϬϭͿ�;&ŝŐƵƌĞ�ϯďͿ͕�ŝŶĚŝĐĂƟŶŐ�ƚŚĂƚ�ƚŚĞ�^���ŝƐ�ŚŝŐŚĞƌ�ŝŶ�ƚƌŝĂůƐ�ǁŝƚŚ�ŵŽƌĞ�
ƉƌŽŐƌĞƐƐŝŽŶ͕�ĂůƚŚŽƵŐŚ�ƚŚŝƐ�ƌĞůĂƟŽŶƐŚŝƉ�ŝƐ�ƐƚƌŽŶŐůǇ�ŝŶŇƵĞŶĐĞĚ�ďǇ�ƚǁŽ�ƚƌŝĂůƐ�ǁŝƚŚ�ƚŚĞ�ŚŝŐŚĞƐƚ�
progression rate. 

&ŝŐƵƌĞ�ϭ͗��ŝīĞƌĞŶĐĞ�ŝŶ�ƐŵĂůůĞƐƚ�ĚĞƚĞĐƚĂďůĞ�ĐŚĂŶŐĞ�;^��Ϳ�ďĞƚǁĞĞŶ�ƚŚĞ��ůĂŶĚ�Θ��ůƚŵĂŶ�;�Θ�Ϳ�ůĞǀĞůƐ�ŽĨ�ĂŐƌĞĞŵĞŶƚ�
;>Ž�Ϳ�ŵĞƚŚŽĚ�;ŵĞĂŶ�ŽĨ�Ăůů�ŝŶƚĞƌǀĂůƐͿ�ĂŶĚ�ƚŚĞ�ĂŶĂůǇƐŝƐ�ŽĨ�ǀĂƌŝĂŶĐĞ�;�EKs�Ϳ�ŵĞƚŚŽĚ�;ƚĂŬŝŶŐ�ŝŶƚŽ�ĂĐĐŽƵŶƚ�Ăůů�ŝŶƚĞƌǀĂůƐͿ͕�
for trials with two or more intervals.
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&ŝŐƵƌĞ�Ϯ͗�^ŵĂůůĞƐƚ�ĚĞƚĞĐƚĂďůĞ�ĐŚĂŶŐĞ�;^��Ϳ�ĨŽƌ�ϵϱй�ĂŶĚ�ϴϬй�ůĞǀĞůƐ�ŽĨ�ĂŐƌĞĞŵĞŶƚ�;>Ž�Ϳ�ďĂƐĞĚ�ŽŶ�ƚŚĞ�>Ž��ŵĞƚŚŽĚ͘

&ŝŐƵƌĞ�ϯ͗��ƐƐŽĐŝĂƟŽŶ�ďĞƚǁĞĞŶ�ďĂƐĞůŝŶĞ�ƌĂĚŝŽŐƌĂƉŚŝĐ�ĚĂŵĂŐĞ�ĂŶĚ�ƌĂĚŝŽŐƌĂƉŚŝĐ�ƉƌŽŐƌĞƐƐŝŽŶ�ǁŝƚŚ�ƐŵĂůůĞƐƚ�ĚĞƚĞĐƚĂďůĞ�
ĐŚĂŶŐĞ� ;^��Ϳ� ĨŽƌ� ϵϱй� ůĞǀĞů� ŽĨ� ĂŐƌĞĞŵĞŶƚ͘� ZĞŐƌĞƐƐŝŽŶ� ůŝŶĞƐ� ƐƵŵŵĂƌŝǌĞ� ƚŚĞ� ĂƐƐŽĐŝĂƟŽŶ� ďĞƚǁĞĞŶ� ƌĂĚŝŽŐƌĂƉŚŝĐ�
ĚĂŵĂŐĞ�;&ŝŐƵƌĞ�ϯĂͿ�ĂŶĚ�ƌĂĚŝŽŐƌĂƉŚŝĐ�ƉƌŽŐƌĞƐƐŝŽŶ�ƚŽ�ůĂƐƚ�ĨŽůůŽǁͲƵƉ�;&ŝŐƵƌĞ�ϯďͿ�ǁŝƚŚ�ƚŚĞ�^��͘�^,^͗�^ŚĂƌƉͲǀĂŶ�ĚĞƌ�
,ĞŝũĚĞ�ƐĐŽƌĞ͘
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�/^�h^^/KE

dŚĞ� ƌĞƐƵůƚƐ�ŽĨ� ƚŚŝƐ�ĂŶĂůǇƐŝƐ� ƐƵŐŐĞƐƚ� ƚŚĂƚ͕� ŝŶ� ĐŽŵƉůĞǆ�ĚĂƚĂďĂƐĞƐ�ǁŝƚŚ�ŵƵůƟƉůĞ�ƟŵĞ�ƉŽŝŶƚƐ�
ĂŶĚ� ƟŵĞ� ŝŶƚĞƌǀĂůƐ͕� ƚŚĞ�ŵĞĂŶ� ŽĨ� ƚŚĞ� ŝŶƚĞƌǀĂů� ^��Ɛ� ŽďƚĂŝŶĞĚ� ďǇ� ƚŚĞ� ƐŝŵƉůĞ� >Ž��ŵĞƚŚŽĚ�
ŝƐ� Ă� ǀĂůŝĚ� ƐƵƌƌŽŐĂƚĞ� ĨŽƌ� ƚŚĞ� ͚ƵŵďƌĞůůĂ� ^��͛� ŽďƚĂŝŶĞĚ� ďǇ� ĐŽŵƉůĞǆ�ŵĞƚŚŽĚƐ� ďĂƐĞĚ� ŽŶ� ƚŚĞ�
ŐĞŶĞƌĂůŝǌĂďŝůŝƚǇ�ƚŚĞŽƌǇ͘�&ƵƌƚŚĞƌ͕ �ǁĞ�ŚĂǀĞ�ĨŽƵŶĚ�ĂƌŐƵŵĞŶƚƐ�ƚŚĂƚ�ƚŚĞ�^���ŝƐ�ĚĞƉĞŶĚĞŶƚ�ŽŶ�ƚŚĞ�
level of radiographic progression in a trial rather than on the level of absolute damage. In 

ĂĚĚŝƟŽŶ͕�ǁĞ�ŚĞƌĞ�ƉƌŽƉŽƐĞ�ƚŽ�ĐŽŶƐŝĚĞƌ�ƚŚĞ�ƵƐĞ�ŽĨ�ĂŶ�^���ďĂƐĞĚ�ŽŶ�ϴϬй�ƌĂƚŚĞƌ�ƚŚĂŶ�ϵϱй�>Ž�͕�
for reasons explained below.

dŚĞ�ŵĂǆŝŵƵŵ�ĚŝƐĐƌĞƉĂŶĐǇ�ŝŶ�^��Ɛ�ŽĨ�Ϭ͘ϰϴ�ƵŶŝƚƐ�ǁŚĞŶ�ĐĂůĐƵůĂƚĞĚ�ďǇ�ƚŚĞ�ƚǁŽ�ŵĞƚŚŽĚƐ͕�ĂŶĚ�
ƚŚĞ�ƐǇƐƚĞŵĂƟĐ�ĚŝīĞƌĞŶĐĞ�ŽĨ�ŽŶůǇ�Ϭ͘ϭϯ�ƵŶŝƚƐ�ŝƐ�ŶĞŐůŝŐŝďůĞ͕�ŝŶ�ƚŚĞ�ůŝŐŚƚ�ŽĨ�ƚŚĞ�ŵŝŶŝŵĂů�ĐůŝŶŝĐĂůůǇ�
ŝŵƉŽƌƚĂŶƚ�ĚŝīĞƌĞŶĐĞ�;D�/�Ϳ�ŽĨ�ϯͲϰ͘ϱ�ƵŶŝƚƐ�ĨŽƌ�ƌĂĚŝŽŐƌĂƉŚŝĐ�ƉƌŽŐƌĞƐƐŝŽŶ�10͘�KŶ�ƚŚĞ�ŽƚŚĞƌ�ŚĂŶĚ͕�
ǁĞ�ƐŚŽƵůĚ�ƚĂŬĞ�ŝŶƚŽ�ĂĐĐŽƵŶƚ�ƚŚĞ�ĨĂĐƚ�ƚŚĂƚ�ƚŚŝƐ�D�/��ĐƵƚͲŽī�ǁĂƐ�ƐĞůĞĐƚĞĚ�ďĂƐĞĚ�ŽŶ�ƌĞƐƵůƚƐ�
of a study performed when biological agents were just entering clinical use and therefore 

ǁŚĞŶ�ƚŽůĞƌĂŶĐĞ�ĨŽƌ�ƉƌŽŐƌĞƐƐŝǀĞ�ũŽŝŶƚ�ĚĂŵĂŐĞ�ǁĂƐ�ůĞƐƐ�ƐƚƌŝĐƚ͘�,ŽǁĞǀĞƌ͕ �ǁĞ�ĐŽŶƐŝĚĞƌ�ŝƚ�ǀĞƌǇ�
ƵŶůŝŬĞůǇ�ƚŚĂƚ�ĂŶ�ƵƉĚĂƚĞĚ�D�/��ǁŽƵůĚ�ĞǀĞŶ�ĂƉƉƌŽĂĐŚ�Ϭ͘ϰϴ�ƵŶŝƚƐ͘

&ƵƌƚŚĞƌ͕ � ƚŚĞƌĞ�ǁĂƐ�ĐŽŶƐŝƐƚĞŶĐǇ� ŝŶ�ǀĂƌŝĂďŝůŝƚǇ͕ �ĂŶĚ�ŶŽ�ƉĂƌƟĐƵůĂƌ� ƚƌĞŶĚ�ǁĂƐ�ŽďƐĞƌǀĞĚ�ǁŚĞŶ�
ƚŚĞ� ƚǁŽ�ŵĞƚŚŽĚƐ�ǁĞƌĞ� ĐŽŵƉĂƌĞĚ͕�ǁŚŝĐŚ� ĂĚĚƐ� ƚŽ� ƚŚĞ� ǀĂůŝĚŝƚǇ� ŽĨ� ƚŚĞ�ŵĞĂŶ� >Ž��ŵĞƚŚŽĚ͘�
KďǀŝŽƵƐůǇ͕ �ƚŚĞ�ŵĞĂŶ�>Ž��ŵĞƚŚŽĚ�ŚĂƐ�ŝŵƉŽƌƚĂŶƚ�ĂĚǀĂŶƚĂŐĞƐ�ŝŶ�ƚŚĂƚ�ŝƚ�ŝƐ�ƐŝŵƉůĞƌ͕ �ůĞƐƐ�ƟŵĞ�
ĐŽŶƐƵŵŝŶŐ͕�ĂŶĚ�ŵŽƌĞ�ĨĂŵŝůŝĂƌ�ƚŽ�ƌĞƐĞĂƌĐŚĞƌƐ͘�

tŝƚŚ�ƌĞƐƉĞĐƚ�ƚŽ�ƚŚĞ�ƉƌŽƉŽƐĂů�ƚŽ�ďĂƐĞ�^��Ɛ�ŽŶ�ƚŚĞ�ϴϬй�>Ž�͕�ŝƚ�ĐĂŶ�ďĞ�ĂƌŐƵĞĚ�ƚŚĂƚ�ƚŚĞƌĞ�ŝƐ�
ŶŽ�ƐŽůŝĚ�ƐĐŝĞŶƟĮĐ�ďĂƐŝƐ�ƚŽ�ĐŚŽŽƐĞ�Ă�ϵϱй�ŝŶƐƚĞĂĚ�ŽĨ�Ă�ůŽǁĞƌ�>Ž�͘�dŚĞ�ϵϱй�ĐƵƚͲŽī�ůĞǀĞů�ŚĂƐ�
ŝƚƐ�ďĂƐŝƐ�ŝŶ�ĚŝƐƚƌŝďƵƟŽŶ�ƚŚĞŽƌǇ͕ �ǁŚĞƌĞ�ŝƚ�ŝƐ�Ă�ďŽƵŶĚĂƌǇ�ĨŽƌ�ŝŶĐůƵĚŝŶŐ�ϵϱй�ŽĨ�ŽďƐĞƌǀĂƟŽŶƐ�ŽĨ�
Ă�ĚŝƐƚƌŝďƵƟŽŶ�ǁŝƚŚ�ƐƚĂŶĚĂƌĚ�ŶŽƌŵĂů�;͚ďĞůůͲƐŚĂƉĞĚ͛Ϳ�ƉƌŽƉĞƌƟĞƐ�;ƚŚĞ�ŵĞĂŶ�ц�Ϯ�^�ƐͿ͕�ĂŶĚ�ǁĂƐ�
ƚŚĞƌĞĨŽƌĞ�ƉƌŽďĂďůǇ�ĐŚŽƐĞŶ�ďĞĐĂƵƐĞ�ŝƚ�ƌĞƐĞŵďůĞƐ�ƚŚĞ�ϵϱй�ĐŽŶĮĚĞŶĐĞ�ŝŶƚĞƌǀĂů�;�/Ϳ�ƵƐĞĚ�ŝŶ�
ƐƚĂƟƐƟĐĂů�ŚǇƉŽƚŚĞƐŝƐ�ƚĞƐƟŶŐ͘��ŽŶĐĞƉƚƵĂůůǇ͕ �ƚŚŽƵŐŚ͕��/�ĂŶĚ�>Ž��ĂƌĞ�ŶŽƚ�ƌĞůĂƚĞĚ͗�ǁŚĞƌĞĂƐ�ϵϱй�
�/�ƐƚĂƟƐƟĐĂůůǇ�ƚĞƐƚƐ�ƚŚĞ�ŶƵůů�ŚǇƉŽƚŚĞƐŝƐ�ƚŚĂƚ�ƚŚĞ�ŵĞĂŶ�ĚŝīĞƌĞŶĐĞ�ŝŶ�ĐŚĂŶŐĞ�ƐĐŽƌĞƐ�ŽďƚĂŝŶĞĚ�
ďǇ�ƚǁŽ�ƌĞĂĚĞƌƐ�ŝƐ�ǌĞƌŽ͕�ƚŚĞ�ϵϱй�>Ž��ƋƵĂŶƟĮĞƐ�ƚŚĞ�ďŽƵŶĚĂƌŝĞƐ�ƚŚĂƚ�ŝŶĐůƵĚĞ�ϵϱй�ŽĨ�Ăůů�ƉĂŝƌĞĚ�
ŽďƐĞƌǀĂƟŽŶƐ�ĂŶĚ�ŚĂƐ�ŶŽƚŚŝŶŐ� ŝŶ� ĐŽŵŵŽŶ�ǁŝƚŚ�ŚǇƉŽƚŚĞƐŝƐ� ƚĞƐƟŶŐ� 11͘� dŚĞ� ũƵƐƟĮĐĂƟŽŶ� ĨŽƌ�
ĐŚŽŽƐŝŶŐ�ďŽƵŶĚĂƌŝĞƐ�ŽƚŚĞƌ�ƚŚĂŶ�ϵϱй�ĂƐ�>Ž��ĚĞƉĞŶĚƐ�ŽŶ�ƚŚĞ�ƌĞůĞǀĂŶĐĞ�ŽĨ�ĂǀŽŝĚŝŶŐ�ƉŽƚĞŶƟĂů�
ŵŝƐĐůĂƐƐŝĮĐĂƟŽŶƐ͘�/Ŷ�ƌĂĚŝŽŐƌĂƉŚŝĐ�ĂŶĂůǇƐŝƐ͕�ƚŚĞ�^���ĐŽŶĐĞƉƚ�ŝƐ�ƵƐĞĚ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ǁŚĞƚŚĞƌ�Ă�
ƉĂƟĞŶƚ�ŝƐ�Ă�͚ ƚƌƵĞ�ƉƌŽŐƌĞƐƐŽƌ͛�;ŝ͘Ğ͘�ƉƌŽŐƌĞƐƐŝŽŶ�ďĞǇŽŶĚ�ƌĞĂƐŽŶĂďůĞ�ŵĞĂƐƵƌĞŵĞŶƚ�ĞƌƌŽƌͿ�Žƌ�ŶŽƚ�
;ŝ͘Ğ͘�ƉƌŽŐƌĞƐƐŝŽŶ�ƐƟůů�ĐŽŵƉĂƟďůĞ�ǁŝƚŚ�ŵĞĂƐƵƌĞŵĞŶƚ�ĞƌƌŽƌ͕ �ĂŶĚ�ƚŚĞƌĞĨŽƌĞ�ĐůĂƐƐŝĮĞĚ�ĂƐ�ǌĞƌŽ�
ƉƌŽŐƌĞƐƐŝŽŶͿ͘�/Ĩ�ĂŶ�ϴϬй�>Ž��ŝƐ�ĂĐĐĞƉƚĞĚ�ĂƐ�ƚŚĞ�ďĂƐŝƐ�ĨŽƌ�ƚŚĞ�^��͕�ĂŶĚ�ƚŚĞ�^���ŝƐ�ĂĐĐĞƉƚĞĚ�ĂƐ�
ƚŚĞ�ůĞǀĞů�ƚŚĂƚ�ĚŝƐƟŶŐƵŝƐŚĞƐ�͚ƉƌŽŐƌĞƐƐŝŽŶ�ďĞǇŽŶĚ�ŵĞĂƐƵƌĞŵĞŶƚ�ĞƌƌŽƌ͛�ĨƌŽŵ�͚ƉƌŽŐƌĞƐƐŝŽŶ�ƐƟůů�
ĐŽŵƉĂƟďůĞ�ǁŝƚŚ�ŵĞĂƐƵƌĞŵĞŶƚ�ĞƌƌŽƌ͕͛ �ŵŽƌĞ�ƉĂƟĞŶƚƐ�ǁŝůů�ďĞ�ĂĐĐĞƉƚĞĚ�ĂƐ�͚ƚƌƵĞ�ƉƌŽŐƌĞƐƐŽƌƐ͛͘ ��
KďǀŝŽƵƐůǇ͕ � ƚŚĞƌĞ� ǁŝůů� ĂůƐŽ� ďĞ� ƐŽŵĞ� ŵŽƌĞ� ͚ƉƌŽŐƌĞƐƐŽƌƐ͛� ĨŽƌ� ǁŚŽŵ� ƉƌŽŐƌĞƐƐŝŽŶ� ŝƐ� ĚƵĞ� ƚŽ�
ŵĞĂƐƵƌĞŵĞŶƚ�ĞƌƌŽƌ͕ �ďƵƚ�ƚŚŝƐ�ŵŝƐĐůĂƐƐŝĮĐĂƟŽŶ�ǁŝůů�ĂīĞĐƚ�ďŽƚŚ�ĂƌŵƐ�ŽĨ�ĂŶ�Z�d�ŝŶ�ĂŶ�ƵŶďŝĂƐĞĚ�
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ŵĂŶŶĞƌ͘ �'ŝǀĞŶ�ƚŚĞ�ĐŽŶƚĞǆƚ�ŽĨ�ƚŚĞ�Z�d͕ �ŝŶ�ǁŚŝĐŚ�Ă�ƚƌĞĂƚŵĞŶƚ�ŝƐ�ƚĞƐƚĞĚ�ĂŐĂŝŶƐƚ�Ă�ĐŽŵƉĂƌĂƚŽƌ�
ĨŽƌ� ŝƚƐ� ƉŽƚĞŶƟĂů� ƚŽ� ĂǀŽŝĚ� ƌĂĚŝŽŐƌĂƉŚŝĐ� ƉƌŽŐƌĞƐƐŝŽŶ͕� ĂŶĚ� ƚŚĞ� ĐƵƌƌĞŶƚ� ŵĞĂŶ� ƉƌŽŐƌĞƐƐŝŽŶ�
ƐĐŽƌĞƐ�ŽďƐĞƌǀĞĚ� ŝŶ�ƐƵĐŚ�ƚƌŝĂůƐ͕� ŝƚ� ŝƐ�ƵŶůŝŬĞůǇ�ƚŚĂƚ�Ă�ĐƵƚͲŽī� ůĞǀĞů�ďĂƐĞĚ�ŽŶ�ĂŶ�ϴϬй�^���ǁŝůů�
ƐƉƵƌŝŽƵƐůǇ�ŝŶŇƵĞŶĐĞ�ƚŚĞ�ƚƌŝĂů�ƌĞƐƵůƚƐ͘�/Ŷ�ĨĂĐƚ͕�Ă�ƚƌŝĂů�ǁŝƚŚ�ŚŝŐŚĞƌ�ƉĞƌĐĞŶƚĂŐĞƐ�ŽĨ�ƉĂƟĞŶƚƐ�ǁŝƚŚ�
ƉƌŽŐƌĞƐƐŝŽŶ�ƉĞƌ�ƚƌŝĂů�Ăƌŵ�ŵĂǇ�ƉƌŽǀŝĚĞ�ŝŶĐƌĞĂƐĞĚ�ĐŽŶƐĞƌǀĂƟƐŵ͕�ǁŚŝĐŚ�ŝƐ�ĂĚǀĂŶƚĂŐĞŽƵƐ�ĨƌŽŵ�
ƚŚĞ�ƉĞƌƐƉĞĐƟǀĞ�ŽĨ�ŝŶƚĞƌŶĂů�ǀĂůŝĚŝƚǇ�ŽĨ�Ă�ƚƌŝĂů͘�/Ŷ�ƚŚĞ�ůŝŐŚƚ�ŽĨ�ƚŚĞ�ǁĞůůͲƌĞĐŽŐŶŝǌĞĚ�ƉŚĞŶŽŵĞŶŽŶ�
ŽĨ�ĚĞŇĂƟŶŐ�ƌĂĚŝŽŐƌĂƉŚŝĐ�ƉƌŽŐƌĞƐƐŝŽŶ�ƌĂƚĞƐ�ŽǀĞƌ�ƟŵĞ�ŝŶ�ĐůŝŶŝĐĂů�ƚƌŝĂůƐ�12͕�ŝŶĐƌĞĂƐĞĚ�ƌĂƚĞƐ�ŽĨ�
͚ƉƌŽŐƌĞƐƐŽƌƐ͛�ƉĞƌ�ƚƌŝĂů�Ăƌŵ�ƵƐŝŶŐ�ŵŽƌĞ�ůĞŶŝĞŶƚ�^���ĐƵƚͲŽīƐ�ŝƐ�ĂĚǀĂŶƚĂŐĞŽƵƐ�ĨŽƌ�ƚŚĞ�ƐƚĂƟƐƟĐĂů�
ƉŽǁĞƌ�ŽĨ�Ă�ƚƌŝĂů͘�/ŶĐƌĞĂƐĞĚ�ŵŝƐĐůĂƐƐŝĮĐĂƟŽŶ�ŝƐ�ƵŶůŝŬĞůǇ�ƚŽ�ďĞ�ƌĞůĞǀĂŶƚ�ŚĞƌĞ͕�ƐŝŶĐĞ�ŽŶĞ�ŵĂǇ�
ĞǆƉĞĐƚ�ƚŚĂƚ�ƚŚĞƐĞ�ŵŝƐĐůĂƐƐŝĮĐĂƟŽŶƐ�ǁŝůů�ďĞ�ĞǀĞŶůǇ�ĚŝƐƚƌŝďƵƚĞĚ�ĂŵŽŶŐ�ƚƌŝĂů�ĂƌŵƐ͘�,ŽǁĞǀĞƌ͕ �
ƚŚĞ�ƵůƟŵĂƚĞ�ĞīĞĐƚ�ǁŝůů�ĚĞƉĞŶĚ�ŽŶ�ƚŚĞ�ĂŶĂůǇƐĞƐ�ĂŶĚ�ƚŚĞ�ĚĞŐƌĞĞ�ŽĨ�ŵŝƐĐůĂƐƐŝĮĐĂƟŽŶ͘

/ƚ� ŝƐ� ƚŚĞƌĞĨŽƌĞ�ƉƌŽƉŽƐĞĚ� ƚŽ�ƵƐĞ�ϴϬй�>Ž�ͲďĂƐĞĚ�^��Ɛ� ŝŶƐƚĞĂĚ�ŽĨ�ϵϱй�>Ž�ͲďĂƐĞĚ�^��Ɛ͕� ƐŽ�
ƚŚĂƚ�ŵĞĂƐƵƌĞŵĞŶƚ�ĞƌƌŽƌ�ŝƐ�ƐƵďƐƚĂŶƟĂůůǇ�ůŽǁĞƌ�ƚŚĂŶ�ƚŚĞ�ĐŚĂŶŐĞ�ŝŶ�ƌĂĚŝŽŐƌĂƉŚŝĐ�ĚĂŵĂŐĞ�ƚŚĂƚ�
rheumatologists consider clinically relevant: approximately 3 units 

10
.

�ŶŽƚŚĞƌ�ŽďƐĞƌǀĂƟŽŶ�ŽĨ�ŶŽƚĞ�ǁĂƐ�ƚŚĂƚ�ƚŚĞ�ĚĞŐƌĞĞ�ŽĨ�ũŽŝŶƚ�ĚĂŵĂŐĞ�Ăƚ�ďĂƐĞůŝŶĞ�ĚŝĚ�ŶŽƚ�ŝŶŇƵĞŶĐĞ�
ƚŚĞ�^��͕�ǁŚĞƌĞĂƐ�ƚŚĞ�ůĞǀĞů�ŽĨ�ƌĂĚŝŽŐƌĂƉŚŝĐ�ƉƌŽŐƌĞƐƐŝŽŶ�ĚŝĚ�ŚĂǀĞ�Ă�ƐůŝŐŚƚ�ŝŶŇƵĞŶĐĞ�ŽŶ�ƚŚĞ�
^��͕� ƚŚĂƚ� ŝƐ͕� ƚŚĞ� ^��� ƚĞŶĚĞĚ� ƚŽ� ŝŶĐƌĞĂƐĞ�ǁŝƚŚ� ŝŶĐƌĞĂƐŝŶŐ� ƌĂĚŝŽŐƌĂƉŚŝĐ� ƉƌŽŐƌĞƐƐŝŽŶ� ƌĂƚĞƐ͘�
dŚĞ�ĮƌƐƚ�ŽďƐĞƌǀĂƟŽŶ�ŝƐ�ƐŽŵĞǁŚĂƚ�ƵŶĞǆƉĞĐƚĞĚ͕�ƐŝŶĐĞ�ƌĞĂĚĞƌƐ�ƵƐƵĂůůǇ�ƌĞĐŽŐŶŝǌĞ�ƵŶĂīĞĐƚĞĚ�
ũŽŝŶƚƐ� ƌĞůĂƟǀĞůǇ�ĞĂƐŝůǇ�ĂŶĚ� ŝŶ�ŐĞŶĞƌĂů�ĂĐŚŝĞǀĞ�Ă�ŚŝŐŚ� ůĞǀĞů�ŽĨ�ĂŐƌĞĞŵĞŶƚ͕�ǁŚŝůĞ� ƚŚĞǇ�ŚĂǀĞ�
ƚŽ�ŵĂŬĞ�ĨĂƌ�ŵŽƌĞ�ĚĞĐŝƐŝŽŶƐ�ŝŶ�ĐĂƐĞ�ŽĨ�ŵƵůƟƉůĞ�ĂīĞĐƚĞĚ�ũŽŝŶƚƐ�ǁŝƚŚ�ĚŝīĞƌĞŶƚ�ƐƚĂƚĞƐ�ŽĨ�ũŽŝŶƚ�
ŝŶǀŽůǀĞŵĞŶƚ͘� �Ŷ� ĞǆƉůĂŶĂƟŽŶ� ĐŽƵůĚ� ďĞ� ƚŚĂƚ� ƚŚĞ� ƐƚƵĚŝĞƐ� ŝŶĐůƵĚĞĚ� ŝŶ� ƚŚŝƐ� ĂŶĂůǇƐŝƐ� ĐŽǀĞƌĞĚ�
Ă� ƌĞůĂƟǀĞůǇ� ƐŵĂůů� ƌĂŶŐĞ� ŽĨ� ƉŽƚĞŶƟĂů� ŝŶǀŽůǀĞŵĞŶƚ� Ăƚ� ďĂƐĞůŝŶĞ� ;ϭϬ� ƚŽ� ϲϱ� ƵŶŝƚƐͿ͘� ^��Ɛ�ŵĂǇ�
ƚŚĞƌĞĨŽƌĞ�ƐƟůů�ďĞ�ƌĞůĂƟǀĞůǇ�ůŽǁ�ŝĨ�ďĂƐĞůŝŶĞ�ũŽŝŶƚ�ĚĂŵĂŐĞ�ŝƐ�ůŽǁ�ƚŽ�ŵŽĚĞƌĂƚĞ͕�ďƵƚ�ŝŶĐƌĞĂƐĞ�ŝĨ�
ďĂƐĞůŝŶĞ�ĚĂŵĂŐĞ�ĞǆĐĞĞĚƐ�ϲϱ�ƵŶŝƚƐ͘�DŽƌĞŽǀĞƌ͕ �ƚƌŝĂůƐ�ǁŝƚŚ�ĞǀĞŶ�ůŽǁĞƌ�ďĂƐĞůŝŶĞ�ĚĂŵĂŐĞ�ǁĞƌĞ�
not included and therefore baseline damage below 10 could not be tested. This study does 

ŶŽƚ�ƉƌŽǀŝĚĞ�ƌĞƐŽůƵƟŽŶ�ĨŽƌ�ƚŚŝƐ͘�dŚĞ�ƐĞĐŽŶĚ�ŽďƐĞƌǀĂƟŽŶ�ŽĨ�ŝŶĐƌĞĂƐŝŶŐ�^��Ɛ�ǁŝƚŚ�ŝŶĐƌĞĂƐŝŶŐ�
progression rates is in compliance with what has been found in detailed analyses. In a recent 

analysis of the TEMPO trial 
13͕�ǁŝƚŚ�ĨŽƵƌ�ŝŶĚĞƉĞŶĚĞŶƚ�ƌĞĂĚƐ�ŽĨ�ƚŚĞ�ƐĂŵĞ�ƉĂƟĞŶƚ͕�Ă�ǀĞƌǇ�ŚŝŐŚ�

ůĞǀĞů�ŽĨ�ĂŐƌĞĞŵĞŶƚ�ǁĂƐ�ƌĞĂĐŚĞĚ�ĨŽƌ�ƚŚĞ�ŐƌĞĂƚ�ŵĂũŽƌŝƚǇ�ŽĨ�ŝŶĚŝǀŝĚƵĂů�ũŽŝŶƚƐ�ƚŚĂƚ�ƐŚŽǁĞĚ�ǌĞƌŽ�
ƉƌŽŐƌĞƐƐŝŽŶ�ŝŶ�^,^͘�/Ŷ�ĐŽŶƚƌĂƐƚ͕�ĂŐƌĞĞŵĞŶƚ�ŽŶ�Ă�ƉĞƌ�ũŽŝŶƚ�ďĂƐŝƐ�ǁĂƐ�ƉŽŽƌ�ŝŶ�ƚŚŽƐĞ�ũŽŝŶƚƐ�ƚŚĂƚ�
ǁĞƌĞ�ƐĐŽƌĞĚ�ĂƐ�͚ƉƌŽŐƌĞƐƐŝǀĞ͛�ďǇ�Ăƚ�ůĞĂƐƚ�ŽŶĞ�ŽĨ�ƚŚĞ�ĨŽƵƌ�ƌĞĂĚĞƌƐ͘�dŚŝƐ�ůĂĐŬ�ŽĨ�ĂŐƌĞĞŵĞŶƚ�ŝƐ�
ůŽƐƚ�ǁŚĞŶ�ƚŽƚĂů�ƉĞƌͲƉĂƟĞŶƚ�ƐĐŽƌĞƐ�ĂƌĞ�ĐĂůĐƵůĂƚĞĚ͕�ĂƐ� ŝƐ�ƐƚĂŶĚĂƌĚ�ƉƌĂĐƟĐĞ�Žƌ� ŝŶ�ĞǀĂůƵĂƟŽŶ�
ŝŶ�Z�dƐ͕� ĞǆƉůĂŝŶŝŶŐ� ŝŶĐƌĞĂƐŝŶŐ� ^��Ɛ�ǁŝƚŚ� ŝŶĐƌĞĂƐĞĚ�ƉƌŽŐƌĞƐƐŝŽŶ� ƌĂƚĞƐ͘��� ůŝŵŝƚĂƟŽŶ�ŽĨ� ƚŚŝƐ�
ŽďƐĞƌǀĂƟŽŶ�ŝƐ�ƚŚĂƚ�ƚŚŝƐ�ƉŽƐŝƟǀĞ�ĐŽƌƌĞůĂƟŽŶ�ǁĂƐ�ůĂƌŐĞůǇ�ĚĞƚĞƌŵŝŶĞĚ�ďǇ�ƚǁŽ�ƚƌŝĂůƐ͘�

��ůŝŵŝƚĂƟŽŶ�ŽĨ�ŽƵƌ�ƐƚƵĚǇ�ŝƐ�ƚŚĂƚ�ƚŚĞ�ŵĂǆŝŵƵŵ�ŶƵŵďĞƌ�ŽĨ�ƟŵĞ�ƉŽŝŶƚƐ�ǁŝƚŚŝŶ�ƚŚĞ�ƐĂŵĞ�ƌĞĂĚŝŶŐ�
ƐĞƐƐŝŽŶ�ŝŶ�Z�dƐ�ŝŶĐůƵĚĞĚ�ǁĂƐ�ĨŽƵƌ͕ �ƐŽ�ǁĞ�ĚŽ�ŶŽƚ�ŬŶŽǁ�ŝĨ�ƚŚĞƐĞ�ƌĞƐƵůƚƐ�ǁŽƵůĚ�ďĞ�ĂƉƉůŝĐĂďůĞ�
ŝĨ�ĮǀĞ�Žƌ�ŵŽƌĞ�ƟŵĞ�ƉŽŝŶƚƐ�ĂƌĞ�ƉƌĞƐĞŶƚ͘�,ŽǁĞǀĞƌ͕ �ŶŽƚ�ŵĂŶǇ�ĐůŝŶŝĐĂů�ƚƌŝĂůƐ�ŝŶĐůƵĚĞ�ŵŽƌĞ�ƚŚĂŶ�
ĨŽƵƌ�ƟŵĞ�ƉŽŝŶƚƐ� ŝŶ�ŽŶĞ� ƌĞĂĚ� ĐĂŵƉĂŝŐŶ͕� ĂŶĚ� ƚŚĞ�ƋƵĞƐƟŽŶ� ŝƐ� ƚŚĞƌĞĨŽƌĞ� ƌĂƚŚĞƌ� ƚŚĞŽƌĞƟĐĂů͘�
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/ŵƉŽƌƚĂŶƚůǇ͕ �Ăůů�ŝŵĂŐĞƐ�ǁĞƌĞ�ƐĐŽƌĞĚ�ŝŶ�ƵŶŬŶŽǁŶ�ĐŚƌŽŶŽůŽŐŝĐĂů�ŽƌĚĞƌ�ďǇ�ĞǆƉĞƌŝĞŶĐĞĚ�ƌĞĂĚĞƌƐ͕�
ĂŶĚ� ƚŚĞƐĞ� ƌĞƐƵůƚƐ� ĐĂŶŶŽƚ� ďĞ� ĞǆƚƌĂƉŽůĂƚĞĚ� ƚŽ� ƌĞĂĚƐ�ǁŝƚŚ� ŬŶŽǁŶ�ƟŵĞ�ŽƌĚĞƌ� ĂŶĚ� ƚŽ� ƌĞĂĚƐ�
by inexperienced readers or those that have not been trained similarly. Although a recent 

study suggests that chronological reading is more precise than random reading 
14͕�ƌĞŐƵůĂƚŽƌǇ�

ĂŐĞŶĐŝĞƐ�ƐƟůů�ƌĞƋƵŝƌĞ�ƌĂĚŝŽŐƌĂƉŚƐ�ƚŽ�ďĞ�ƐĐŽƌĞĚ�ƌĂŶĚŽŵůǇ͘�ZĂŶĚŽŵ�ƐĐŽƌŝŶŐ�ŝƐ�ƚŚĞƌĞĨŽƌĞ�ƐƟůů�
ĐŽŶƐŝĚĞƌĞĚ�ƚŚĞ�ƌĞĨĞƌĞŶĐĞ�ƐĞƫŶŐ�15͘�DŽƌĞŽǀĞƌ͕ �ĂůƚŚŽƵŐŚ�ŶŽƚ�ƚĞƐƚĞĚ͕�ŝƚ�ŵĂǇ�ďĞ�ĂƐƐƵŵĞĚ�ƚŚĂƚ�
the issues addressed in this paper are equally applicable to studies scored in chronological 

ŽƌĚĞƌ͕ �ĂƐ�ƚŚĞ�ƚŽƉŝĐƐ�ƵŶĚĞƌ�ŝŶǀĞƐƟŐĂƟŽŶ�ŝŶ�ƚŚŝƐ�ŵĂŶƵƐĐƌŝƉƚ�ĂƌĞ�ŶŽƚ�ĚŝƌĞĐƚůǇ�ŝŶŇƵĞŶĐĞĚ�ďǇ�ƚŚĞ�
;ƵŶͿďůŝŶĚŝŶŐ�ŽĨ�ƚŚĞ�ƟŵĞ�ŽƌĚĞƌ͘

/Ŷ�ĐŽŶĐůƵƐŝŽŶ͕� ĨŽƌ�ƌĞĂƐŽŶƐ�ŽĨ�ĐŽŶǀĞŶŝĞŶĐĞ͕�ǁĞ�ƉƌŽƉŽƐĞ�ƚŽ�ƌĞƉŽƌƚ�ƚŚĞ�ŵĞĂŶ�ŽĨ�Ăůů� ŝŶƚĞƌǀĂů�
^��Ɛ� ĂƐ� ĂŶ� ĂƉƉƌŽƉƌŝĂƚĞ� ƐƵƌƌŽŐĂƚĞ� ĨŽƌ� ƚŚĞ��EKs�ͲďĂƐĞĚ� ^��� ŝŶ� ƚƌŝĂůƐ�ǁŝƚŚ�ŵƵůƟƉůĞ� ƟŵĞ�
ƉŽŝŶƚƐ͘�/Ŷ�ĂĚĚŝƟŽŶ͕�ǁĞ�ĐŽŶƐŝĚĞƌ�ĂŶ�̂ ���ďĂƐĞĚ�ŽŶ�ĂŶ�ϴϬй�>Ž��ƚŽ�ďĞ�ĂŶ�ĂĐĐĞƉƚĂďůĞ�ĂůƚĞƌŶĂƟǀĞ�
ƚŽ�ĂŶ�̂ ���ďĂƐĞĚ�ŽŶ�Ă�ϵϱй�>Ž�͘��&Žƌ�ƚŚĞ�̂ ,^�ŵĞƚŚŽĚ͕�ďĂƐĞĚ�ŽŶ�ƚŚĞƐĞ�ůĂƌŐĞ�ĚĂƚĂƐĞƚƐ�ŝŶǀŽůǀŝŶŐ�
ŵĂŶǇ�ĚŝīĞƌĞŶƚ�ƌĞĂĚĞƌƐ͕�ǁĞ�ƉƌŽƉŽƐĞ�Ă�ĐƵƚͲŽī�ůĞǀĞů�ŽĨ�ϯ͘Ϭ�ƵŶŝƚƐ�ĨŽƌ�Ă�ϵϱй�>Ž��^���ĂŶĚ�ŽĨ�
Ϯ͘Ϭ�ƵŶŝƚƐ�ĨŽƌ�ĂŶ�ϴϬй�>Ž��^���ĂƐ�ƚŚĞ�ƚŚƌĞƐŚŽůĚ�ĨŽƌ�ĚĞĐŝĚŝŶŐ�ŝĨ�ƚŚĞ�Z��ŽĨ�ĂŶ�ŝŶĚŝǀŝĚƵĂů�ƉĂƟĞŶƚ�
shows radiographic progression. 
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ϭ͘� h^� &ŽŽĚ� ĂŶĚ� �ƌƵŐ� �ĚŵŝŶŝƐƚƌĂƟŽŶ͘� 'ƵŝĚĂŶĐĞ� ĨŽƌ�
ŝŶĚƵƐƚƌǇ͗� ĐůŝŶŝĐĂů� ĚĞǀĞůŽƉŵĞŶƚ� ƉƌŽŐƌĂŵƐ� ĨŽƌ� ĚƌƵŐƐ͕�
devices and biological products for the treatment of 

ƌŚĞƵŵĂƚŽŝĚ� ĂƌƚŚƌŝƟƐ͘� ŚƩƉ͗ͬͬǁǁǁ͘ĨĚĂ͘ŐŽǀͬĚŽǁŶůŽĂĚƐͬ
�ƌƵŐƐͬ'ƵŝĚĂŶĐĞ�ŽŵƉůŝĂŶĐĞZĞŐƵůĂƚŽƌǇ/ŶĨŽƌŵĂƚŝŽŶͬ
'ƵŝĚĂŶĐĞƐͬh�DϬϳϭϱϳϵ͘ƉĚĨ͘ )

Ϯ͘� 'ƵŝĚĞůŝŶĞ�ŽŶ�ĐůŝŶŝĐĂů�ŝŶǀĞƐƟŐĂƟŽŶ�ŽĨ�ŵĞĚŝĐŝŶĂů�ƉƌŽĚƵĐƚƐ�
ŽƚŚĞƌ�ƚŚĂŶ�E^�/�Ɛ�ĨŽƌ�ƚƌĞĂƚŵĞŶƚ�ŽĨ�ƌŚĞƵŵĂƚŽŝĚ�ĂƌƚŚƌŝƟƐ͘ 
ŚƚƚƉ͗ͬͬǁǁǁ͘ĞŵĂ͘ĞƵƌŽƉĂ͘ĞƵͬĚŽĐƐͬĞŶͺ'�ͬĚŽĐƵŵĞŶƚͺ
ůŝďƌĂƌǇͬ^ĐŝĞŶƚŝĨŝĐͺŐƵŝĚĞůŝŶĞͬϮϬϭϭͬϭϮͬt�ϱϬϬϭϭϵϳϴϱ͘
pdf.)

ϯ͘� ǀĂŶ� ĚĞƌ� ,ĞŝũĚĞ� �D͘� ZĂĚŝŽŐƌĂƉŚŝĐ� ŝŵĂŐŝŶŐ͗� ƚŚĞ� ͚ŐŽůĚ�
standard’ for assessment of disease progression in 
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Suppl 1:9-16.
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