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Supplementary Data

1. Search strategy in databases

| .Cochrane data search for clinimetrics of ultrasound on 1/9/2016
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[mh osteoarthritis]

osteoarthritis .ti.ab.kw
osteoarthrosis.ti.ab.kw
osteoarthropathy.ti.ab.kw
degenerative joint disease*.ti.ab.kw.
[mh osteophyte]
osteophyte.ti.ab.kw

joint space narrowing.ti.ab.kw

{or #1#8}

. [mh ultrasonography]

. ultrasonography.ti.ab.kw
. ultrasonog*.ti.ab.kw

. sonograph*.ti.ab.kw

14.

ultrasound.ti.ab.kw

15. [mh*ultrasonography, doppler”]

16.doppler ultrasonography.ti.ab.kw

17.
18.

musculoskeletal ultrasound.ti.ab.kw

ultrasonic*.ti.ab.kw

19 {or #10#18}

20.

#9 and #15

21. [mh “sensitivity and specificity’’]

22.
23.
24,

sensitivity and specificity.ti.ab.kw
[mh diagnosis]

diagnos*.ti.ab.kw
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25. predictive value.ti.ab.kw
26. likelihood ratio.ti.ab.kw
27. performance.ti.ab.kw

28 [mh“validity and reliability”]
29. validity and reliability.ti.ab.kw
30. reproducibility.ti.ab.kw
31.responsiveness.ti.ab.kw
32. [mh*“feasibility study”]

33. feasibility.ti.ab.kw

34. {or#21#32}

35. #20 and #33
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[1. EMBASE data search for clinimetrics of ultrasound on 1/9/2016
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. exp osteoarthritis/ or osteoarthritis.mp.

. osteoarthrosis.mp.

. exposteoarthropathy/ or osteoarthropathy.mp.
. degenerative joint disease$.mp.

. osteophyte.mp. orexp osteophyte/

. joint space narrowing.mp.
.lor2or3ord4or5or6

. ultrasonography.mp. orexp echography/

. ultrasonog$.mp.

. sonograph$.mp.

. ultrasound.mp. orexp ultrasound/

. doppler.mp. orexp tissue Doppler imaging/

. musculoskeletal ultrasound.mp.

. ultrasonic$.mp.
.8or9o0r10o0r1lorl2ori3ori4

. 7and 15

. exp "sensitivity and specificity"/ or sensitivity.mp.
. specificity.mp. orexp "sensitivity and specificity"/
. exp diagnosis/ or diagnosis.mp.

. diagnos$.mp.

. predictive value.mp. orexp predictive value/

. likelihood ratio.mp.

. performance.mp. orexp performance/

. exp validity/ or validity.mp.

. reproducibility.mp. orexp reproducibility/

. reliability.mp. orexp reliability/

. responsiveness.mp.
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28.
29.
30.
31.
32.
33.

exp feasibility study/ or feasibility.mp.

17 or 18 or 19 or 20 or 21 or 22 or 23 or 22%pr 26 or 27 or 28
16 and 29

limit 30 to English language

limit 31 to human

limit 32 to adult <18 to 64 years>
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I1l.Medline data search for clinimetrics of ultrasound on 1/9/2016

. osteoarthritis.mp. orexp Osteoarthritis/

. osteoarthrosis.mp.

. expOsteoarthropathy, Secondary Hypertrophic/ or expOsteoarthropatigryPiypertrophic/ or osteoarthropathy.mp.
. degenerative joint disease$.mp.

. osteophyte.mp. orexp Osteophyte/

. joint space narrowing.mp.

.lor2or3ord4or5or6

. exp Ultrasonography/ or ultrasonography.mp.

© 00 N o o b~ W DN P

. ultrasonog$.mp.

10. sonograph$.mp.

11. ultrasound.mp.

12. exp Ultrasonography, Doppler, Color/ or doppler.mp. orexp Ultcagaphy, Doppler/
13. musculoskeletal ultrasound.mp.

14. ultrasonic$.mp. orUltrasonics/
15.80r9o0r10o0r1lor12or13o0r 14

16. 7 and 15

17. sensitivity.mp. orexp "Sensitivity and Specificity"/

18. specificity.mp. orexp "Sensitivity and Specificity"/

19. diagnosis.mp. orexp Diagnosis/

20. diagnos$.mp.

21. exp "Predictive Value of Tests"/ or predictive value.mp.
22. likelihood ratio.mp.

23. performance.mp.

24. validity.mp.

25. exp "Reproducibility of Results"/ or reproducibility.mp.
26. reliability.mp.

27. responsiveness.mp.



28.
29.
30.
31.
32.
33.

exp Feasibility Studies/ or feasibility.mp.

17 or 18 or 19 or 20 or 21 or 22 or 23 or 22%pr 26 or 27 or 28
16 and 29

limit 30 to English language

limit 31 to humans

limit 32 to "all adult (19 plus years)"
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2. Quality Assessment Tool modified from derived from Downs and Black score system

Domain/ltem Questions

Patients/selection bias 1) Is the hypothesis/aim/objective of the study clearly described?
2) Are the characteristics of the patients included in the study clearly aettrib
3) Is the patient sample representative of patients treated in routine clinical practice?

4) Is there information on possibility of selection bias present in study?

Interventions 5) Are the interventions of interest clearly described? Treatments shewtkarly described. In non-treatment related observational studi

characteristics under study should be clearly described.

Comparison 6) Was a comparison group identified and clearly defined?
Blinding 7) Blinding of the main outcome measured was reported?
Outcomes 8) Are the main outcomes to be measured clearly described in the Introdudiitethods section? If the main outcomes are first mentioned i

Results section, the question should be answered no.

9) Were the main outcome measures used accurate (valid and reliable)? For steigbevbutcome measures are clearly described, the qu
should be answered yes. For studies which refer to other wdHabdemonstrates the outcome measures are accurate, the question el
answered as yes.

10) Have all important adverse events that may be a consequence déthention been reported? This should be answered yes if the

demonstrates that there was a comprehensive attempt to measure advers@digtrtspossible adverse events is provigled

Reported findings/statistical 11) Are the main findings of the study clearly described? Simple outdatagincluding denominators and numerators) should be reporteld

analysis major findings so that the reader can check the major analyses angsans|

(This question does not cover statistical tests which are considered below)

12) Does the study provide estimates of the random variability in dkee fdr the main outcomes? In non normally distributed datg
inter-quartile range of results should be reported. In normally distdidata the standard error, standard deviation or confidence intervals

be reported. If the distribution of the data is not described, it mustsoenad that the estimates used were appropriate and the question sh
answered yes.

13) Were the statistical tests used to assess the main outcomes appropriate? fice tatiniques used must be appropriate to the data

example nonparametric methods should be used for small sample sizesliitihatatistical analysis has been undertaken but where there
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evidence of bias, the question should be answered yes. If
the distribution of the data (normal or not) is not described it must be asshamé¢e estimates used were appropriate and the question shq

answered yes.

Confounding 14) Are the distributions of principal confounders in each grougubfects to be compared clearly described? A list of principal confound
provided.

15) Was there adequate adjustment for confounding in the analyses framthehinain findings were drawn?

Losses to followdp 16) Were losses of patients to follow-up reported?
17) Were losses of patients to follow-up taken into accountz Ihtimbers of patients lost to follow-up are not reported, the questoarid be

answered as unable to determine. If the proportion lost to follow-up wasnalbto affect the main findings, the question should be answese(

Power 18) Was a sample size calculation reported?
19) Did the study have sufficient power to detect a clinically important effieete the probability value for a difference being due to chan

less than 5%? Sample sizes have been calculated to detect a difference ofy%#6 and
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4. Characteristics of included studiesin knee, hand and hip OA
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Serial Authors Year Country Study Design Setting Selection Dx Criteria Pt | Joint Site Qu | Qu

No. M ethod (N) (N) alit | alit

y |[y%

1 Abraham 2011 | UK cross-sectional study | General Practice random NR 18 | 36 knee 11 |79

2 Acebes 2006 | Spain cohort study outpatient rheumatology clini¢ consecutive | ACR 30 |30 knee 12 | 60

3 Acebes 2013 | Spain case-control outpatient rheumatology clini¢ consecutive | ACR 33 | 46 knee 15 | 88

observational study

4 alagnocco 2012 | ltaly cross-sectional study outpatient rheumatology clini¢ consecutive | ACR 8 32 hand 13 | 68

5 aKeen 2008 | UK cross-sectional study outpatient rheumatology clini¢ not reported | ACR 37 | 1106 hand 11 | 69

6 Arrestier 2011 | France case-control outpatient rheumatology clini¢ not reported | ACR 10 | 1616 hand 15 |79
observational study 1

7 Atchia 2011 | UK RCT outpatient rheumatology clini¢ not reported | ACR 77 |77 hip 19 | 95

8 Bagnato 2012 | ltaly RCT outpatient rheumatology clini¢ not reported | ACR 60 | 60 knee 18 | 90

9 Bandinelli 2012 | ltaly cohort study outpatient rheumatology clini¢ consecutive | ACR 40 | 40 knee 15 |79

10 Bansal 2014 | India RCT not reported not reported | ACR 93 |93 knee 11 |55

11 Bansal 2015 | India cohort study not reported not reported | Brandt Grading| 43 | 43 knee 8 40

12 bBevers 2014 | Netherlands | cohort study specialized hip and kneg not reported | ACR 62 | 62 knee 16 | 80

outpatient clinic

13 Beitinger 2014 | Germany cross-sectional study not reported not reported | ACR 10 | 111 knee 10 | 63
6

14 Bevers 2012 | Netherlands | cross-sectional study | outpatient rheumatology clini¢ consecutive | ACR 60 | 60 knee 13 | 87

15 Bevers 2014 | Netherlands | cross-sectional study | specialized hip and kne consecutive | ACR 18 | 180 knee 12 | 80
outpatient clinic 0

16 Bevers 2015 | Netherlands | cohort study specialized hip and kne consecutive | ACR 12 | 125 knee 14 |78
outpatient clinic 5
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17 blagnocco 2012 | ltaly cross-sectional study | outpatient rheumatology clini¢ consecutive | ACR 9 17 knee 13 |81
18 Birn 2014 | USA Retrospective not reported convenience| NR 89 |94 hip 12 |75
case-control study
19 bKeen 2008 | UK case-control outpatient rheumatology clini¢ not reported | ACR 55 | 55 hand 12 |75
observational study
20 Bruyn 2016 | Europe cross-sectional study | outpatient rheumatology clini¢ not reported | ACR 13 | 13 knee 10 |77
%
21 Calis 2015 | Turkey cohort study outpatient rheumatology clini¢ consecutive | Kellgren 82 | 103 knee 13 | 65
&lLawrence
22 Chan 2014 | Hong Kong | Retrospective multicentre study convenience| ACR 19 | 193 knee 12 | 80
case-control study 3
23 Chatzopoulos | 2009 | Greece cohort study outpatient rheumatology clini¢ consecutive | ACR 90 | 90 knee 17 | 85
24 Chen 2015 | Taiwan cross-sectional study | outpatient rehabilitation clinic| consecutive | knee pain 10 | 202 knee 16 | 84
1
25 clagnocco 2012 | ltaly cross-sectional study | multicentre study consecutive | ACR 75 | 150 hip 13 |81
26 Conaghan 2010 | EUROPE cohort study multicentre study not reported | ACR 53 | 531 knee 14 |74
1
27 D’ Agostino 2005 | EUROPE cross-sectional study | outpatient knee clinic not reported | ACR 60 | 600 knee 17 | 89
0
28 Damman 2016 | Netherlands | cohort study outpatient rheumatology clini¢ consecutive | ACR 56 | 56 hand 14 |74
29 Darweesh 2010 | Egypt cross-sectional study outpatient rheumatology an not reported | ACR 42 | 42 knee 11 | 69
rehabilitation clinic
30 de Miguel | 2006 | Spain case-control outpatient rheumatology clini¢ not reported | ACR 10 | 101 knee 17 | 85
Mendieta observational study 1
31 Di Sante 2010 | ltaly cohort study outpatient rheumatology clini¢ consecutive | ACR 26 | 26 knee 13 | 65
32 Dundar 2016 | Turkey RCT outpatient rehabilitation clinic| not reported | ACR 40 | 40 knee 16 | 80
33 Elsaman 2016 | Germany RCT not reported not reported | ACR 20 | 200 knee 16 | 80




Page 17 of 95

0
34 Esen 2013 | Turkey case-control outpatient rheumatology clini¢ consecutive | ACR 10 | 100 knee 13 |81
observational study 0
35 Fam 1982 | Canada cross-sectional study | outpatient rheumatology clini¢ consecutive | ACR 75 | 150 knee 11 | 69
36 Hall 2014 | UK case-control general practice not reported | NR 24 | 243 knee 16 | 84
observational study 3
37 Hammer 2016 | Norway cross-sectional study | outpatient rheumatology clini¢ not reported | ACR 10 | 300 hand 11 | 69
38 Hassan 2015 | Egypt cohort study outpatient rheumatology an not reported | ACR 20 | 20 knee 12 | 60
rehabilitation clinic
39 Henricsdotter | 2016 | Denmark RCT outpatient OA clinic not reported | ACR 10 | 100 knee 15 |75
0
40 Henrotin 2012 | Belgium cohort study outpatient rheumatology clini¢ not reported | ACR 30 |30 knee 12 | 60
41 lagnocco 2005 | ltaly case-control outpatient rheumatology clini¢ consecutive | ACR 1101 110 hand 12 |75
observational study
42 lagnocco 2010 | ltaly cross-sectional study | outpatient rheumatology clini¢ consecutive | ACR 82 | 164 knee 12 |75
43 Jan 2006 | Taiwan cohort study outpatient orthopedic clinic | convenience| Kellgren 30 |44 knee 14 |70
&Lawrence
44 Jung 2006 | South Korea| cross-sectional study | not reported consecutive | ACR 51 |51 knee 13 |72
45 Keen 2010 | UK cohort study outpatient rheumatology clini¢ not reported | ACR 36 | 540 hand 10 | 63
46 Keen 2015 | UK cohort study outpatient rheumatology clini¢ consecutive | ACR 35 | 35 knee 15 | 75
47 Kim 2008 | Korea cross-sectional study not reported not reported | ACR 30 | 30 knee 14 | 70
48 Kim 2016 | Korea cross-sectional study outpatient rheumatology clini¢ not reported | ACR 34 | 34 knee 15 | 79
49 Klauser 2012 | Austria cohort study not reported not reported | ACR 33 |78 hand 7 35
50 Kdroglu 2012 | Turkey cohort study not reported consecutive | ACR 32 |32 knee 11 |55
51 Kortekaas 2010 | Netherlands | cross-sectional study | outpatient rheumatology clini¢ consecutive | ACR 55 | 1650 hand 16 | 84
52 Kortekaas 2011 | Netherlands | case-control outpatient rheumatology clini¢ consecutive | ACR 55 | 1649 hand 16 | 84
observational study
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53 Kortekaas 2013 | Netherlands | cohort study outpatient rheumatology clini¢ consecutive | ACR 55 | 990 hand 16 | 84
54 Kortekaas 2014 | Netherlands | cross-sectional study | outpatient rheumatology clini¢ consecutive | ACR 25 | 750 hand 15 |79
55 Kortekaas 2015 | Netherlands | cohort study outpatient rheumatology clini¢ consecutive | ACR 56 | 1680 hand 16 | 84
56 Kortekaas 2016 | Netherlands | cohort study outpatient rheumatology clini¢ consecutive | ACR 56 | 1680 hand 16 | 84
57 Koski 2016 | Finland cross-sectional study | outpatient rheumatology clini¢ random ACR 40 | 40 knee 12 |75
58 Koutroumpas | 2010 | Greece cross-sectional study | outpatient rheumatology clini¢ not reported | ACR 18 | 540 hand 11 | 69
59 Kristoffersen | 2006 | Denmark case-control general practice consecutive | ACR 71 |71 knee 11 | 69
observational study
60 Lee 2008 | Taiwan cross-sectional study | not reported not reported | ACR 95 | 172 knee 11 | 69
61 Malas 2013 | Turkey RCT not reported not reported | ACR 61 | 122 knee 12 | 60
62 Malas 2014 | Turkey case-control not reported not reported | ACR 61 | 122 knee 11 | 69
observational study
63 Mallinson 2013 | UK cohort study outpatient rheumatology clini{ consecutive | NR 68 | 68 hand 13 | 65
and general practice
64 Mancarella 2010 | ltaly case-control outpatient rheumatology clini¢ consecutive | ACR 35 | 576 hand 19 | 100
observational study
65 Mancarella 2015 | ltaly cohort study outpatient rheumatology clini¢ consecutive | ACR 35 | 576 hand 17 | 89
66 Martino 1993 | Italy case-control not reported not reported | NR 18 | 18 knee 9 56
observational study
67 Mathiessen 2013 | Norway cross-sectional study | outpatient rheumatology clini¢ not reported | ACR 12 | 3810 hand 12 | 67
7
68 Mathiessen 2016 | Norway cohort study outpatient rheumatology clini¢ not reported | ACR 78 | 2340 hand 14 | 74
69 Mermerci 2011 | Turkey case-control outpatient rheumatology clini¢ not reported | ACR 14 | 143 knee 13 |81
observational study 3
70 Micu 2010 | Romania cohort study outpatient rheumatology clini¢ convenience| ACR 61 | 66 hip 13 | 76
71 Mortada 2016 | Egypt cross-sectional study | outpatient rheumatology an random ACR 16 | 160 knee 15 |83
rehabilitation clinic 0
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72 Naguib 2011 | Egypt case-control not reported not reported | NR 45 | 1350 hand 11 | 69
observational study
73 Naredo 2005 | Spain case-control outpatient rheumatology clini¢ consecutive | ACR 50 |50 knee 14 | 88
observational study
74 Nogueira-Barb| 2015 | Brazil cross-sectional study Department of Radiology consecutive | NR 93 |93 knee 12 | 86
osa
75 Pendleton 2008 | UK cohort study not reported not reported | ACR 86 | 86 knee 7 35
76 Podlipska 2013 | Finland cross-sectional study not reported random NR 39 | 39 knee 13 | 76
77 Podlipska 2016 | Finland cross-sectional study Department of Radiology consecutive | NR 15 | 159 knee 14 | 88
9
78 Qvistgaard 2006 | Denmark cross-sectional study | not reported consecutive | ACR 10 | 100 hip 10 | 67
0
79 Razek and 2016 | Egypt cross-sectional study | outpatient rheumatology an not reported | ACR 80 | 80 knee 11 |79
El-Basyouni rehabilitation clinic
80 Rennessoiire | 2008 | France cohort study not reported not reported | ACR 55 | 55 hip 14 |70
y
81 Riecke 2014 | Denmark cross-sectional study | Department of Radiology consecutive | NR 45 | 90 knee 13 |93
82 Robinson 2007 | UK cohort study not reported not reported | NR 12 | 120 hip 12 | 60
0
83 Saarakkala 2012 | Finland cross-sectional study | outpatient orthopedic clinic | random NR 40 | 40 knee 13 | 87
84 Sampson 2010 | USA cohort study not reported not reported | NR 14 | 14 knee 13 | 65
85 Song 2008 | Germany case-control not reported not reported | ACR 47 | 47 knee 10 | 53
observational study
86 Tarhan 2003 | Turkey case-control not reported not reported | knee pain 58 | 58 knee 11 | 69
observational study
87 Toktas 2015 | Turkey case-control outpatient rehabilitation clinic| not reported | ACR 18 | 374 knee 16 | 84
observational study 7
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88 Tormenta 2012 | ltaly case-control not reported not reported | ACR 86 | 860 hip 12 | 60
observational study 0
89 Traistaru 2013 | Craiova cross-sectional study | outpatient rehabilitation clinic| not reported | ACR 70 | 140 knee 10 |50
90 Ulasli 2014 | Turkey cross-sectional study | outpatient rehabilitation clinic| not reported | ACR 86 | 172 knee 12 |75
91 Uson 2014 | Spain cross-sectional study | outpatient rheumatology clini¢ not reported | ACR 20 | 100 hand 10 | 67
92 Uysal 2015 | Turkey cross-sectional study | outpatient rehabilitation clinic| convenience| ACR 85 | 170 knee 14 |78
93 Vlychou 2009 | Greece cross-sectional study | outpatient rheumatology clini¢ consecutive | ACR 22 | 660 hand 13 |72
94 Vlychou 2013 | Greece case-control outpatient rheumatology clini¢ consecutive | ACR 25 | 600 hand 15 |94
observational study
95 Wittoek 2010 | Belgium cross-sectional study | not reported consecutive | ACR 38 | 684 hand 12 | 67
96 Wittoek 2011 | Belgium case-control outpatient rheumatology clini¢ not reported | ACR 14 | 252 hand 12 |75
observational study
97 Wu 2012 | Taiwan cross-sectional study | outpatient orthopedic clinic | consecutive | ACR 15 | 156 knee 16 | 84
6
98 Yanagisawa | 2014 | Japan cross-sectional study | outpatient Department  notreported | NR 81 | 131 knee 10 |71
Orthopedic Surgery
99 Yoon 2008 | South Korea| cross-sectional study | not reported not reported | ACR 51 |51 knee 11 | 69
100 Kortekaas 2015 | Netherlands | cross-sectional study outpatient rheumatology clini¢ not reported | ACR 16 | 128 hand 15 | 79

ACR=American college of rheumatology Criteria; NR=Non-reported; RCT=Randomizé&d|dvial



5. Ultrasound Scanning Characteristics of Included Studies

Serial | Author Year | Mode | B Freq D D. | PRF Scanning | Definition Grading Score Ultrasound
No, setting | Fre method scanner

q
1 Abraham | 2011 | B 10-18 MHz linear EULAR OMERACT | binary and quantitative | ultrasonographer
2 Acebes 2006 | B 7.5 MHz linear NR other quantitative not specified
3 Acebes 2013 | B 8-12 MHz linear NR other quantitative rheumatologist
4 alagnocco | 2012 | B 6-18 MHz linear other OMERACT | binary rheumatologist
5 aKeen 2008 | B 7-15 MHz hockey other other binary physician
6 Arrestier 2011 | B+D | 10-13MHz linear yes 8.3 | 750Hz EULAR OMERACT | semi-quantitative rheumatologist
7 Atchia 2011 | B NR NR other binary not specified
8 Bagnato 2012 | B 8 MHz other NR binary not reported
9 Bandinelli | 2012 | B 7.5-12 MHz linear other other quantitative rheumatologist
10 Bansal 2014 | B NR NR NR quantitative not reported
11 Bansal 2015 | B NR NR NR quantitative not reported
12 Beitinger | 2014 | B+D | 5-14MHz linear yes 6.7 NR other semi-quantitative ultrasonographer
13 Bevers 2012 8-15 MHz EULAR OMERACT | Binary/quantitative rheumatologist
14 Bevers 2014 8-15 MHz linear EULAR OMERACT | Binary/quantitative rheumatologist
15 Bevers 2014 | B 8-15 MHz linear EULAR OMERACT | Binary/quantitative rheumatologist
16 Bevers 2015 6-18 MHz linear EULAR OMERACT | Binary/quantitative rheumatologist
17 blagnocco | 2012 | B+D | 4-13 MHz at 13 MHz| yes 6.3 | 750 Hz EULAR OMERACT | binary rheumatologist
18 Birn 2014 | B NR NR NR semi-quantitative fellow in training
19 bKeen 2008 | B+D | 7-15 MHz hockey yes 750 Hz other OMERACT | Binary/semi-quantitative | physician
20 Bruyn 2016 6-18 MHz linear other OMERACT | Binary/semi-quantitative | rheumatologist
21 Calis 2015 | B 7.5 MHz linear other other quantitative radiologist
22 Chan 2014 | B 12-18 MHz linear other OMERACT | quantitative ultrasonographer
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23 Chatzopou| 2009 | B NR other other binary physician
los
24 Chen 2015 | B 5-13 MHz linear other other semi-quantitative not specified
25 clagnocco | 2012 | B+D | 9 MHz linear yes 7.5 | 750 Hz EULAR OMERACT | binary rheumatologist
26 Conaghan | 2010 | B NR EULAR other binary combined R and R
27 D’Agostin | 2005 | B 10 MHz EULAR other Binary/semi-quantitative | combined R and R
0
28 Damman | 2016 | B+D | 10-14 MHz linear other OMERACT | semi-quantitative ultrasonographer
29 Darweesh | 2010 | B 13 MHZ linear other other quantitative not reported
30 de Miguel| 2006 | B 7-11 MHz linear Van other binary rheumatologist
Mendieta Holsbeeck
technique
31 Di Sante 2010 | B 7.5 MHz linear other other quantitative physician
32 Dundar 2016 | B 6-18 MHz linear other OMERACT | Binary/semi-quantitative | physician
33 Elsaman 2016 | B 8-12 MHz linear EULAR OMERACT | quantitative not reported
34 Esen 2013 | B 5-10 MHz EULAR other binary physician
35 Fam 1982 | B 5-MHz NR other binary not reported
36 Hall 2014 | B+D | 7-12 MHz linear EULAR OMERACT | Binary/semi-quantitative | not reported
37 Hammer 2016 | B 8-18 MHz other OMERACT | semi-quantitative rheumatologist
hockey/6-15  MHz
linear
38 Hassan 2015 | B 5-12 MHz linear other OMERACT | semi-quantitative not reported
39 Henricsdot | 2016 | B+D | 15 MHz linear yes 6.3 | 3Hz EULAR other Binary/quantitative not specified
ter
40 Henrotin 2012 | B 10-15 MHz other NR Binary/semi-quantitative | not reported
41 lagnocco | 2005 | B 8-16 MHz linear other other binary rheumatologist
42 lagnocco | 2010 | B+D | 12 MHz yes 7.5 | 500 Hz EULAR OMERACT | Binary/semi-quantitative | not specified
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43 Jan 2006 | B 5-12 MHZ linear Van NR quantitative not reported
Holsbeeck
technique
44 Jung 2006 | B 12 MHz other other guantitative rheumatologist
45 Keen 2010 | B+D | 7-15 MHz hockey yes 750 Hz other other semi-quantitative rheumatologist
46 Keen 2015 | B+D | 5-12 MHz linear yes 750 Hz EULAR OMERACT | semi-quantitative/quantitd not reported
tive
47 Kim 2008 | B 7-12 MHz linear EULAR other quantitative rheumatologist
48 Kim 2016 | B 7-15 MHz linear EULAR OMERACT | quantitative rheumatologist
49 Klauser 2012 | B+D | 13-16 MHz yes 12 | 7501000 other other semi-quantitative/quantitg radiologist
Hz tive
50 Koéroglu 2012 | B 7.5 MHz linear NR other Binary/quantitative physician
51 Kortekaas | 2010 | B+D | 10-14 MHz linear other OMERACT | semi-quantitative ultrasonographer
52 Kortekaas | 2011 | B+D | 10-14 MHz linear other NR semi-quantitative ultrasonographer
53 Kortekaas | 2013 | B+D | 10-14 MHz linear other OMERACT | semi-quantitative ultrasonographer
54 Kortekaas | 2014 | B+D | 10-14 MHz linear yes 13.2KHz other OMERACT | semi-quantitative ultrasonographer
55 Kortekaas | 2015 | B+D | 10-14 MHz linear yes 13.2KHz other OMERACT | semi-quantitative ultrasonographer
56 Kortekaas | 2016 | B+D | 10-14 MHz linear other OMERACT | semi-quantitative ultrasonographer
57 Koski 2016 | B 13 MHz linear other other semi-quantitative rheumatologist
58 Koutroum | 2010 | B+D | 8-13 MHz linear other OMERACT | binary radiologist
pas
59 Kristoffers | 2006 | B+D | 13 MHz (central) yes 7 lowest PRF | other other binary not reported
en
60 Lee 2008 5-12 MHz linear other other semi-quantitative not specified
61 Malas 2013 | B 5-10 MHz linear other other quantitative physiatrist
62 Malas 2014 | B 5-10 MHz linear other other Binary/semi-quantitative/| physiatrist

quantitative
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63 Mallinson | 2013 | B 8-15 MHz linear other other semi-quantitative/quantitg radiologist
tive
64 Mancarella| 2010 | B+D | 5-13 MHz yes 11. other OMERACT | Binary/quantitative ultrasonographer
4
65 Mancarella| 2015 | B 5-13 MHz other OMERACT | binary ultrasonographer
66 Martino 1993 7.5 MHz linear other NR quantitative not specified
67 Mathiessen| 2013 5-13 MHz linear EULAR OMERACT | semi-quantitative ultrasonographer
68 Mathiessen 2016 | B+D | 5-13 MHz linear yes 7.3 | 391 Hz EULAR OMERACT | Binary/semi-quantitative | rheumatologist
69 Mermerci | 2011 | B 8-10 MHz linear other other Binary/quantitative radiologist
70 Micu 2010 | B+D | 5-7.5 MHz linear NR other quantitative not reported
71 Mortada 2016 | B 5-12 MHz linear other OMERACT | semi-quantitative combined R and R
72 Naguib 2011 | B 7.5-10 MHz NR NR semi-quantitative not reported
73 Naredo 2005 | B 7-12 MHz EULAR other binary rheumatologist
74 Nogueira- | 2015 | B 5-12 MHz linear other other semi-quantitative radiologist
Barbosa
75 Pendleton | 2008 | B+D | 5-12 MHz linear yes 1100 Hz EULAR other binary not reported
76 Podlipska | 2013 | B 13 MHz linear other other quantitative not reported
77 Podlipska | 2016 | B 15 MHz linear other other semi-quantitative/quantitg ultrasonographer
tive
78 Qvistgaard | 2006 | B 8-15 MHz other other semi-quantitative combined R and R
79 Razek and 2016 10-12 MHz linear EULAR OMERACT | binary combined R and R
El-Basyou
ni
80 Rennesson| 2008 | B+D | 5-12 MHz linear other other binary rheumatologist
-Rey
81 Riecke 2014 | B+D | 14 MHz M12L linear | yes 7.5 | 900 Hz other other semi-quantitative/quantitg physician

tive
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82 Robinson | 2007 | B+D | 10-15 MHz linear other other Binary/semi-quantitative/| radiologist
quantitative
83 Saarakkala| 2012 | B 13 MHz linear other other semi-quantitative ultrasonographer
84 Sampson | 2010 | B 7.5-13.0 MHz linear other NR quantitative not reported
85 Song 2008 | B+D | 5-12 MHz linear for| yes 6.3 | 500 Hz EULAR other semi-quantitative rheumatologist
MUS, 8-4-MHz
linear for CE-MUS
86 Tarhan 2003 | B 5-10 MHz linear other NR semi-quantitative/quantitg not reported
tive
87 Toktas 2015 | B 6-18 MHz linear other other Binary/quantitative not specified
88 Tormenta | 2012 | B 3.55 MHz convex/ other other binary radiologist
7.5-12 MHz linear
89 Traistaru | 2013 | B 12.5 MHz linear NR other binary not reported
90 Ulasli 2014 | B 6-18MHz linear other OMERACT | semi-quantitative not reported
91 Uson 2014 | B M12 linear other other binary rheumatologist
92 Uysal 2015 | B 12 MHz linear other other Binary/quantitative radiologist
93 Vlychou 2009 | B+D | 8-13 MHz linear other OMERACT | binary radiologist
94 Vlychou 2013 | B 10-14 MHz linear/ other OMERACT | binary radiologist
10-15 MHz hockey
95 Wittoek 2010 | B+D | 10-18 MHz linear yes 8.3 | 500 Hz other OMERACT | binary rheumatologist
96 Wittoek 2011 12-18 MHz other OMERACT | binary rheumatologist
97 Wu 2012 | B 6-13 MHz linear EULAR OMERACT | Binary/semi-quantitative | ultrasonographer
98 Yanagisaw | 2014 12 MHz linear other other quantitative surgeon
a
99 Yoon 2008 | B 12.5 MHz linear EULAR other quantitative rheumatologist
100 Kortekaas | 2015 | B+D | 10-14 MHz linear NR NR semi-quantitative ultrasonographer

B=bmode; D=Doppler mode; EULAR=European league against rheumatism scamthay; NR=Non-reported; OMERACT=0utcome measures in rheumatologjtidefi
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6. Utilization of OMERACT definitionsin theincluded studies acrosstheyears
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7. Methodological Quality of included studiesin systematic literaturereview

0 10 20 30 40 50 60 70 80 90 100

Clear objectives I oo
Patient characteristics described [N 2 I
Representative sample [ INNINEEGGGGEN 70 D
Information for potential selection bias [N 44 I
Interventions/characteristics defined [N o8 I
Blinding reported NN cc I
Comparison group identified and defined NI 31 DN
Outcomes measures defined [N 100
Outcomes measures referenced N 100
Adverse events reported NN 55 D
Results described clearly | o0
Estimates of random variability described I o1
Statistical tests appropriate I o7
Confounders described N 72 D——
Confounder adjustment reported [N 53 D
Loss to follow-up reported I o7
Adjustment for loss to follow-up reported [N o
Sample size calculation reported? [l 10 Il

Sufficient power of sample size [l 10 Il
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8. Quality Appraisal of Diagnostic Reliability (QAREL) score for included studiesin systematic literature review
Author Year | Representativd Representativg Blinding Blinding Blinding Blinding | Blinding Order | Time Correct| Appropriate
sample raters (other (prior (reference) | (clinical | (Non-clinical | of exam| interval | Test statistics
raters) findings) info) data)

1 | Abraham 2011 | Unclear Yes Unclear NC NC Unclear | Unclear Unclear | Unclear | Yes Yes
2 | Acebes 2013 Yes Yes Yes Yes NC Unclear | Unclear Yes Yes Yes Yes
3 alagnocco 2012 | Yes Yes Yes Yes NC Unclear | Unclear Unclear | Unclear | Yes Yes
4 | aKeen 2008 | Yes Yes NC Unclear NC No Unclear Unclear | Unclear | Yes Yes
5 Bandinelli 2012 | Yes Yes Unclear Unclear NC Unclear | Unclear Unclear | Unclear | Yes Yes
6 | bBevers 2014 | Yes Yes Yes NC NC Yes Unclear Unclear | Unclear | Yes Yes
7 | Bevers 2012 | Yes Yes Yes NC NC Yes Unclear Unclear | Unclear | Yes Yes
8 blagnocco 2012 Yes Yes Yes NC NC Yes Unclear Unclear | Unclear | Yes Yes
9 | bKeen 2008 | Yes Yes NC Unclear NC Unclear | Unclear Yes Yes Yes Yes
10 | Bruyn 2016| Yes Yes Yes Yes NC Unclear | Unclear Yes Unclear | Yes Yes
11 | Damman 2016| Yes Yes Unclear NC NC Unclear | Unclear Unclear | Unclear | Yes No
12 | Hall 2014 | Unclear Yes NC Yes NC Unclear | Unclear Unclear | Unclear | Yes Yes
13 | Hammer 2016| Yes Yes Unclear Unclear NC Unclear | Unclear Unclear | Unclear | Yes Yes
14 | Jung 2006 | Yes Yes NC Unclear NC Unclear | Unclear Yes Yes Yes Yes
15 | Keen 2015| Yes Yes NC Unclear NC Unclear | Unclear Yes Yes Yes Yes
16 | Kortekaas 2010 Yes Yes NC Unclear NC Yes Unclear Yes Unclear | Yes Yes
17 | Kortekaas 2011 | Yes Yes NC Unclear NC Yes Unclear Yes Unclear | Yes Yes
18 | Kortekaas 2015 Yes Yes NC Unclear NC Yes Unclear Yes Unclear | Yes Yes
19 | Kortekaas 2016| Yes Yes NC Unclear NC Yes Unclear Unclear | Unclear | Yes Yes
20 | Koski 2016| Yes Yes Yes Yes NC Yes Yes Yes Yes Yes Yes
21 | Koutroumpas| 2010 | Yes Yes NC Unclear NC Yes Unclear Unclear | Unclear | Yes Yes
22 | Lee 2008 | Yes Yes Unclear NC NC Unclear | Unclear Unclear | Unclear | Yes Yes
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23 | Malas 2013 Yes Yes NC Unclear NC Yes Unclear Unclear | Unclear | Yes Yes
24 | Mancarella | 2010 Yes Yes NC Unclear NC Yes Unclear Yes Yes Yes Yes
25 | Mancarella | 2015| Yes Yes NC Unclear NC Yes Unclear Yes Unclear | Yes Yes
26 | Martino 1993 | Unclear Yes Unclear Unclear NC Unclear | Unclear Unclear | Unclear | Yes No
27 | Mathiessen | 2013 | Yes Yes Yes Yes NC Yes Unclear Yes Yes Yes Yes
28 | Mathiessen | 2016 | Yes Yes Yes Yes NC Yes Unclear Yes Yes Yes Yes
29 | Mortada 2016| Yes Yes Yes Yes NC Yes Unclear Unclear | Unclear | Yes Yes
30 | NogueiraBa | 2015 | Unclear Yes Yes NC NC Yes Unclear Yes Yes Yes Yes
rbosa
31 | Podlipska 2016 | Unclear Yes NC Yes NC Yes Yes Yes Yes Yes Yes
32 | Qvistgaard | 2006 | Yes Yes Yes Yes NC Unclear | Unclear Unclear | Unclear | Yes No
33 | Razek and 2016 | Yes Yes Yes NC NC Yes Unclear Yes Yes Yes Yes
El-Basyouni
34 | Riecke 2014 | Unclear Yes Unclear Unclear NC Unclear | Unclear Yes Yes Yes Yes
35 | Robinson 2007 | Unclear Yes NC Unclear NC Unclear | Unclear Yes Yes Yes No
36 | Tormenta 2012 Yes Yes Yes NC NC Unclear | Unclear Yes Yes Yes Yes
37 | Uso6n 2014 Yes Yes NC Unclear NC Yes Unclear Yes Yes Yes Yes
38 | Vlychou 2009 | Yes Yes NC Unclear NC No Unclear Unclear | Unclear | Yes Yes
39 | Wittoek 2010 Yes Yes Yes NC NC Yes Unclear Yes Yes Yes Yes
40 | Wittoek 2011 | Yes Yes Yes NC NC Yes Unclear Unclear | Unclear | Yes Yes
41 | Wu 2012 | Yes Yes Unclear Yes NC Yes Unclear Yes Unclear | Yes Yes
42 | Yanagisawa | 2014 | Unclear Yes NC Unclear NC Yes Unclear Unclear | Unclear | Yes Yes
43 | Yoon 2008 | Yes Yes Yes Yes NC Yes Unclear Yes Yes Yes Yes




9. Scatter plot for improvement of QAREL Scoresin reliability studies acrosstheyears
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10.Tables

Table 1. Stratified Meta-analysis for Construct Validity (function)

Stratified No.of | No.of | No. of Correlation coefficient Heter ogeneity

meta-analysis studies | patients | joints (95% CI)
Knee Fixed Random P value 12 Tau
Effusion 3 171 257 0.25(0.13,0.36) | 0.23(0.08,0.37) 0.29 20 0.06
Power Doppler 1 71 71 0.23(-0.01,0.44)
Osteophyte 2 205 205 0.18(0.04,0.31) | 0.18(0.04,0.31) 0.43 0 0
Meniscal protrusion | 1 61 122 0.22(-0.04,0.45)
Cartilage thickness | 2 101 162 | 0.14(-0.06,0.33) | 0.15(-0.11,0.39) | 0.20 38 0.12
Baker cyst 1 70 140 0.35(0.12,0.54)
Pes Anserine bursitis| 1 157 314 0.18(0.07,0.29)
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Table 2. Stratified Meta-analysisfor Construct Validity (MRI)

Stratified No.of | No.of | No.of Correlation coefficient Heter ogeneity
meta-analysis studies | patients | joints (95% CI)
Knee Fixed Random P value 12 Tau
Synovitis 1 41 41 0.63(0.41,0.79)
Effusion 1 138 212 0.63(0.54,0.70)
Synovial hypertrophy| 1 138 212 0.62(0.53,0.70)
Osteophyte
Meniscal protrusion
Cartilage thickness | 2 189 265 0.60(0.52,0.67) | 0.60(0.52,0.67) | 0.67 0 0
Baker cyst 1 138 212 0.66(0.58,0.73)
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Table 3. Construct validity of ultrasound featureswith blood biomarkers (Serum COM P)

Stratified No.of | No.of | No.of Correlation coefficient Heter ogeneity
meta-analysis studies | patient | joints (95% CI)
S
Knee Fixed Random P value 12 Tau
Effusion 3 95 95 0.003(-0.206,0.211) | 0.003(-0.206,0.211) | 0.085 0 0
Capsular distension| 3 95 95 0.21(0.01,0.40) 0.21(0.01,0.40) 0.81 0 0
Osteophyte 3 95 95 0.19(-0.01,0.39) 0.19(-0.01,0.39) 0.50 0 0
Cartilage thickness | 3 95 95 0.13(-0.08,0.33) 0.13(-0.08,0.33) 0.91 0 0
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Table 4. Stratified meta-analysisfor Criteria validity of cartilage thickness with histology

Stratified No.of | No.of | No.of Correlation coefficient Heter ogeneity
meta-analysis studies | patient | joints (95% CI)
S
Knee Fixed Random P value 12 Tau
Cartilage thickness | 2 113 190 0.44(0.32,0.55) 0.66(-0.05,0.93) 0.001 90 0.59




Table 5. Stratified Meta-analysis for Internal Responsiveness(independent sample)

Stratified No.of | No.of | No. of Correlation coefficient Heter ogeneity
meta-analysis studies | patients | joints (95% CI)
Knee Fixed Random P value 12 Tau
Effusion 2 240 240 0.64(0.42,0.85) | 0.64(0.42,0.85) 0.38 0 0
Synovial hypertrophy| 1 20 20 0.37(0.05,0.69)
Power Doppler 1 20 20 0.28(-0.04,0.61)
Cartilage thickness | 3 240 240 0.29(0.04,0.55) | 0.29(0.04,0.55) 0.80 0 0
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Table 6. Stratified Meta-analysis for External Responsiveness

Stratified No.of | No.of | No. of Correlation coefficient Heter ogeneity
meta-analysis studies | patients | joints (95% CI)
Knee Fixed Random P value 12 Tau
Effusion 1 33 33 0.05(-0.30,0.39)
Synovial hypertrophy| 2 63 77 0.45(0.25,0.62) | 0.43(-0.02,0.73) 0.05 74 0.30
Power Doppler 1 33 33 0.36(0.02,0.63)
Baker’s cyst 2 58 58 0.37(0.12,0.58) | 0.35(-0.11,0.69) 0.08 68 0.29
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Table 7. Feasibility studies

Page 37 of 95

Author/Year OA site Pathologies Grading Score Scanning method Scanning time
1. | Bevers, 2012 knee Effusion, synovial hypertrophy, meniscal Binary/quantitative EULAR 5 min
lesion, cartilage thickness, Baker’s cyst,
bursitis
2. | Bevers, 2014 knee Effusion, synovial hypertrophy, meniscal Binary/quantitative EULAR 10 min
lesion, cartilagehickness, Baker’s cyst,
bursitis
3. | Bruyn, 2016 knee Synovitis, Effusion, Synovial hypertrophy, Binary/semi-quantitative | EULAR 8 min
Global synovitis, Meniscal damage, Cartilag
damage, Osteophytes
4. | Riecke, 2014 Knee Synovitis, Effusion, Synovial hypertrophy, Binary/semi-quantitative | other 5 min (scanning)
Global synovitis, Meniscal damage, Cartilag 10-15min
damage, Osteophytes (61 items) (subsequent analysis
5. | Saarakkala, 2012 knee cartilage thickness, grading semi-quantitative other 10 min

EUL AR=European league against rheumatism scanning method



11.Forest plots

A. Reliability

Inter-rater reliability of ultrasound featuresfor knee OA (binary score)
a. Forest plot for meta-analysis of synovial hypertrophy in knee OA

Study name Pathology

Point
estimate

Bevers,2012 synovial hypertrophy 0.08
Bevers,2014 synovial hypertrophy 0.65
blagnocco,2012 synovial hypertrophy 0.66
Bruyn,2016 synovial hypertrophy 0.27
Razek,2016 synovial hypertrophy 0.96

0.52

limit
0.00
0.45
0.46
0.23
0.88
0.18

Point estimate and 95% CI

Lower Upper

limit
0.16
0.85
0.86
0.31
1.04
0.86

-1.00

Relative |

weight

-
.-
-

-

-0.50 0.00 0.50 1.00

20.43
19.26
19.26
20.61
20.43
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b. Forest plot for meta-analysis of osteophyte in knee OA

Study name

Abraham,2011
blagnocco,2012
Razek,2016

Pathology
Ppi nt
estimate
osteophyte 0.65
osteophyte 0.64
osteophyte 0.94
0.76

Lower Upper

limit
0.41
0.44
0.87
0.53

limit
0.89
0.84
1.01
1.00

-1.00

-0.50 0.00
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c. Forest plot for meta-analysis of meniscal extrusion in knee OA

Study name Pathology

Bevers,2012 meniscal protrusion
Bevers,2014 meniscal protrusion
blagnocco,2012 meniscal protrusion

Razek,2016 meniscal protrusion

Statistics for each study

Point estimate and 95% CI

Point
estimate

0.54
0.59
0.58
0.86
0.66

0.31
0.39
0.38
0.73
0.49

Lower Upper

limit  limit

0.77
0.79
0.78
0.99
0.83

-1.00
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Relative F
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d. Forest plot for meta-analysis of cartilage thicknessin knee OA

Study name Pathology Statistics for each study Point estimate and 95% CI
Point Lower Upper Relative F
estimate limit  limit weight
blagnocco,2012 cartilage thickness 0.50 0.30 0.70 47.87
Razek,2016 cartilage thickness 099 0.96 1.02 B 5213
0.76 0.28 1.23

-1.00 -0.50 0.00 0.50 1.00



e. Forest plot for meta-analysis of Baker’s cyst in knee OA

Study name

Bevers,2012
Bevers,2014
blagnocco,2012
Razek,2016

Pathology

Baker's cyst
Baker's cyst
Baker's cyst

Baker's cyst

Point
estimate

0.850
0.999
0.879
0.999
0.923

Lower Upper

limit

0.680
0.799
0.679
0.790
0.827

limit

1.020
1.199
1.079
1.208
1.020

-1.00
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Relative |
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— 2327

: 21.29

-0.50 0.00 0.50 1.00




Inter-rater reliability for ultrasound featuresin knee OA (semi-quantitative score)

a. Forest plot for meta-analysis of synovitisin knee OA

Study name Pathology

Point Lower Upper Relative
estimate limit  limit weight
Bruyn,2016 synovitis 051 047 055 56.37
Wu,2012  synovitis 0.79 059 0.99 —+ 43.63

063 036 0.90

-1.00 -0.50 0.00 0.50 1.00
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b. Forest plot for meta-analysis of osteohyte in knee OA

Study name  Pathology

Bruyn,2016  osteophyte
Koski,2016  osteophyte
Mortada,2016 osteophyte
Wu,2012 osteophyte

Point
estimate

0.57
0.47
0.81
0.85
0.66

Lower Upper

limit
0.54
0.27
0.61
0.65
0.50

Relative |
limit weight
0.60 _: 33.58
0.67 22.14
1.01 —|- 2214
1.05 — 2214
0.82 gt

-1.00 -0.50 0.00 0.50 1.00
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c. Forest plot for meta-analysis of meniscal extrusion in knee OA

Study name Pathology
Point
estimate
Bruyn,2016 meniscal protrusion 0.54

Nogueira-Barbosa,2015 meniscal protrusion 0.98
Wu,2012 meniscal protrusion 0.72

0.75

limit
0.48
0.94
0.52
0.41

Point estimate and 95% CI

Lower Upper

limit
0.60
1.02
0.92
1.09

-1.00

-0.50 0.00
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d. Forest plot for meta-analysis of cartilage thicknessin knee OA

Study name Pathology

Point  Lower Upper Relative
estimate limit  limit weight
Bruyn,2016 cartilage thickness 031 025 037 ] 55.26
Lee,2008  cartilage thickness 061 041 081 44.74

044 015 0.74

-1.00 -0.50 0.00 0.50 1.00



Inter-rater reliability for knee OA (Quantitative score)

a. Forest plot for meta-analysis of effusion in knee OA

Study name Outcome Statistics for each study

Correlation and 95% CI

Lower Upper
Correlation limit limit

Abraham,2011 Combined 0.79 0.62 0.89

Riecke, 2014 effusion 0.87 0.77 0.93
0.84 0.74 0.90

-1.00

Relative
weight
- 45.59
| 54.41
)

-0.50 0.00 0.50 1.00
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b. Forest plot for meta-analysis of meniscal protrusion in knee OA

Study name

Acebes,2013
Bevers,2012
Riecke,2014

0.96
0.69
0.95

Lower Upper

limit  limit

0.99
0.88
0.98

Outcome Statistics for each study
Correlation
meniscal protrusion 0.98
meniscal protrusion 0.80
meniscal protrusion 0.97
0.95

0.79

0.99

-1.00

Correlation and 95% CI

Page 48 of 95

Relative F
weight
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33.20
33.63
33.16



c. Forest plot for meta-analysis of cartilage thicknessin knee OA

Study name  Outcome

Abraham,2011 Combined

Bevers,2012 cartilage thickness
Bevers,2014  cartilage thickness
Riecke,2014 cartilage thickness

Yoon,2008 cartilage thickness

Statistics for each study

Correlation

0.56
0.50
0.74
0.97
0.98
0.86

0.29
0.28
0.60
0.95
0.97
0.53

Lower Upper

limit  limit

0.75
0.67
0.84
0.98
0.99
0.97

-1.00

Correlation and 95% CI

Relative |

weight

oy

-

-0.50 0.00 0.50 1.00

19.75
20.13
20.15
19.94
20.03
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d. Forest plot for meta-analysis of Baker’s cyst in knee OA

Study name Outcome Statistics for each study Correlation and 95% CI
Lower Upper Relative
Correlation limit  limit weight
Bandinelli, 2012 Baker's cyst 098 096 0.99 49.79
Riecke,2014  Baker's cyst 089 081 09 B 5021

095 0.76 0.99

-1.00 -0.50 0.00 0.50 1.00



IV. Intra-rater reliability for knee OA (semi-quantitative score)
a. Forest plot for meta-analysis of synovitisin knee OA

Study name Outcome

Point Lower Upper Relative

estimate limit  limit weight

Bruyn,2016 synovitis 0.67 058 0.76 | 84.26

Wu,2012  synovitis 0.80 057 1.03 —s— 1574
0.69 0.60 0.78 ¢

-1.00 -0.50 0.00 0.50 1.00
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b. Forest plot for meta-analysis of power Doppler in knee OA

Study name Outcome

Hall,2014 power doppler
Keen,2015 power doppler

Point
estimate

1.00
0.76
0.88

Lower Upper

limit
0.77

0.53
0.65
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Relative |
limit weight
1.23 50.00
0.99 50.00
1.11
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c. Forest plot for meta-analysis of osteophytein knee OA

Study name Outcome

Bruyn,2016 osteophyte
Koski,2016 osteophyte
Mortada,2016  osteophyte
Podlipskee,2016 Combined
Wu,2012 osteophyte

Point
estimate

0.73
0.64
0.85
0.77
0.89
0.74

Lower Upper

limit
0.65
0.50
0.62
0.62
0.66
0.67
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Relative |

limit weight
0.81 | 43.79
0.77 - 20.85
1.08 —a 8.42
0.91 —— 18.52
1.12 —a 8.42
0.81 4

-1.00 -0.50 0.00 0.50 1.00



d. Forest plot for meta-analysis of meniscal protrusion in knee OA

Study name Outcome
Point
estimate
Bruyn,2016 meniscal protrusion 0.75

Nogueira-Barbosa,2015 meniscal protrusion 0.99
Wu,2012 meniscal protrusion 0.73

0.81

limit
0.61
0.76
0.50
0.66

Point estimate and 95% CI

Lower Upper

limit
0.89
1.22
0.96

0.96

-1.00

-0.50 0.00 0.50

-

+
<>
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Relative F
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1.00
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e. Forest plot for meta-analysis of cartilage thicknessin knee OA

Study name Outcome

Bruyn,2016 cartilage thickness
Podlipskee,2016 Combined

Statistics for each study Point estimate and 95% CI

Point
estimate

0.55
0.56
0.55

Lower Upper

limit
0.43
0.36
0.45

limit
0.67
0.77
0.66

-1.00
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Relative F
weight

-0.50 0.00 0.50 1.00

14.77
25.23



V.

Intra-rater reliability for knee OA (Quantitative score)

a. Forest plot for meta-analysis of synovial hypertrophy in knee OA

Study name Outcome Statistics for each study Correlation and 95% ClI

Correlation

Hall,2014 synovial hypertrophy 0.89
Keen,2015 synovial hypertrophy 0.82
Riecke,2014 synovial hypertrophy 0.75
0.82

Lower Upper
limit

0.77
0.70
0.59
0.73

-1.00 -0.50 0.00 0.50 1.00
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Relative F
limit weight
0.95 M| 2587
0.90 s 37.81
0.86 B 36.32
0.89 <



b. Forest plot for meta-analysis of power Doppler in knee OA

Study name Outcome

Hall,2014 power doppler
Keen,2015 power doppler

Point
estimate

1.00
0.76
0.88

Lower Upper

limit
0.77
0.53
0.65
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Relative |
limit weight
1.23 50.00
0.99 50.00
1.11

-1.00 -0.50 0.00 0.50 1.00
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c. Forest plot for meta-analysis of effusion in knee OA

Study name Outcome  Statistics for each study Correlation and 95% CI
Lower Upper Relative
Correlation  limit  limit weight
Hall,2014 effusion 093 085 0.97 31.49
Keen,2015  effusion 094 089 097 34.40
Riecke,2014 effusion 0.75 059 0.86 B 34.12
090 074 0.96 <f

-1.00 -0.50 0.00 0.50 1.00
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d. Forest plot for meta-analysis of osteophytein knee OA

Study name Outcome Statistics for each study Correlation and 95% ClI
Lower Upper Relative
Correlation limit  limit weight
Riecke,2014 osteophyte 0.75 059 0.86 B 49.06
Yanagisawa,2014 osteophyte 09 094 0.97 B 5094
089 049 0.98 )

-1.00 -0.50 0.00 0.50 1.00



e. Forest plot for meta-analysis of meniscal protrusion in knee OA

Study name Outcome

Statistics for each study

Correlation

Acebes, 2013 meniscal protrusion 0.96
Podlipskee,2016 = Combined 0.84
Riecke,2014 meniscal protrusion 0.75
Yanagisawa,2014 meniscal protrusion 0.96
0.91

0.93
0.78
0.59
0.95
0.78

Lower Upper

limit  limit

0.98
0.88
0.86
0.97
0.96

-1.00

Correlation and 95% CI

-0.50 0.00 0.50

1.00
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Relative
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f. Forest plot for meta-analysis of cartilage thicknessin knee OA

Study name QOutcome

Statistics for each study

Correlation

Martino,1993 cartilage thickness 0.16
Riecke,2014 cartilage thickness 0.75
Yoon,2008 cartilage thickness 0.97
0.80

limit

-0.33
0.59
0.95
0.05

Lower Upper
limit

0.58
0.86
0.98
0.97

-1.00 -0.50 0.00 0.50 1.00

Correlation and 95% CI

|
———
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g. Forest plot for meta-analysis of Baker’s cyst in knee OA

Study name Outcome Statistics for each study Correlation and 95% CI
Lower Upper Relative
Correlation  limit  limit weight
Bandinelli,2012 Baker cyst 098 096 0.99 i 33.51
Hall,2014 Baker cyst 0.79 059 090 — 32.78
Riecke,2014  Baker cyst 075 059 0.86 . 33.70
090 053 098 -

-1.00 -0.50 0.00 0.50 1.00
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B. Construct validity

l. Construct validity of ultrasound features with symptomatic patients against healthy control
a. Forest plot for meta-analysis of effusion in knee OA

Study name Outcome  Statistics for each study Odds ratio and 95% CI

Odds Lower Upper Relative |

ratio limit  limit p-Value weight
de Miguel Mendieta,2006 effusion 6.99 241 20.24 0.00 —i— 26.89
Malas,2014 effusion 277 1.10 6.99 0.03 - 28.75
Mermerci,2011 effusion 255.91 15.23 4300.27 0.00 —1 10.30
Naredo,2005 effusion 18.40 1.05 32351 0.05 = 10.07
Wu,2012 effusion  3.93 1.09 14.17 0.04 —il 23.98

746 256 21.7/0 0.00 ’

0.01 0.1 1 10 100
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b. Forest plot for meta-analysis of meniscal protrusion in knee OA

Study name Outcome Statistics for each study Odds ratio and 95% CI
Odds Lower Upper Relative F
ratio limit limit p-Value weight
de Miguel Mendieta,2006meniscal protrusion 1.26 0.47 3.41 0.65 —h— 39.39
Mermerci,2011 meniscal protrusion11.00 0.63193.09 0.10 = 11.22
Naredo,2005 meniscal protrusion26.19 1.49460.45 0.03 = 11.21
Wu,2012 meniscal protrusion 2.83 1.00 8.02 0.05 —— 38.17
3.08 106 892 0.04 .

001 01 1 10 100



c. Forest plot for meta-analysis of Baker’s cyst in knee OA

Study name Outcome

Statistics for each study

Odds Lower Upper

ratio

de Miguel Mendieta,2006 Baker's cyst 3.33
Malas,2014 Baker's cyst 1.88
Mermerci,2011 Baker's cyst 11.36
Naredo,2005 Baker's cyst 6.11
Wu,2012 Baker's cyst 1.89

3.23

Odds ratio and 95% CI

limit  limit p-Value
0.90 12.32 0.07
0.90 393 0.10
3.30 39.15 0.00
0.34 108.71  0.22
0.59 6.08 0.29
1.57 6.67 0.00

0.01 0.1

Relative F

weight

1

——
-
+
-
<&

10

100

19.09
33.10
20.41

5.62
21.78
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1. Construct validity of ultrasound featureswith pain
a. Forest plot for meta-analysis of synovitisin knee OA

Study name QOutcome Statistics for each study Correlation and 95% CI
Lower Upper Relative
Correlation  limit  limit weight
Chan,2014 Combined 026 012 0.39 . 3 67.62
Hall, 2014  synovitis 030 010 047 —— 32.38
027 016 0.38 <

-1.00 -0.50 0.00 0.50 1.00
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b. Forest plot for meta-analysis of synovial hypertrophy in knee OA

Study name Outcome Statistics for each study Correlation and 95% CI
Lower Upper Relative |
Correlation limit  limit weight
Jan,2006  synovial hypertrophy 0.17 0.03 031 s B 81.99
Song,2008 synovial hypertrophy 0.31 0.00 0.56 = 18.01
0.20 0.07 0.32 <&

-1.00 -0.50 0.00 0.50 1.00



c. Forest plot for meta-analysis of effusion

Study name

D’Agostino,2014
Dundar,2016
Esen,2013
Hall,2014
Riecke,2014
Song,2008
Ulasli,2014

in knee OA
Outcome  Statistics for each study Correlation and 95% CiI
Lower Upper Relative
Correlation  limit  limit weight
effusion 008 000 016 - 55.74
effusion 013 -019 042 T 3.45
effusion 012 -008 031 T 9.06
effusion 030 010 047 —— 8.50
effusion 009 -021 0.38 —— 3.92
effusion 031 000 0.56 - 3.55
effusion 012 -0.03 027 = 15.78
012 006 0.18 ¢

-1.00 -0.50 0.00 0.50 1.00
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d. Forest plot for meta-analysis of osteophytein knee OA

Study name  Outcome Statistics for each study Correlation and 95% CI
Lower Upper Relative
Correlation limit  limit weight
Chan,2014 osteophyte 016 002 0.30 . & 54.76
Mortada,2016  osteophyte 014 -0.02 0.29 LB 45.24
015 005 025 <

-1.00 -0.50 0.00 050 1.00
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e. Forest plot for meta-analysis of meniscal protrusion in knee OA

Study name Outcome

Chan,2014 meniscal protrusion

Riecke,2014 meniscal protrusion

Statistics for each study

Correlation
0.17
0.17
0.17

Lower Upper

limit
0.03

-0.13
0.04

limit
0.30
0.44

0.29

-1.00

Correlation and 95% CI
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f. Forest plot for meta-analysis of cartilage thicknessin knee OA

Study name Qutcome

Chan,2014 cartilage thickness
Dundar,2016  cartilage thickness
blagnocco,2012 cartilage thickness

Riecke,2014  cartilage thickness

Statistics for each study

Correlation and 95% ClI

Correlation

0.18
0.32
0.53
0.22
0.22

0.04
0.01
0.06
-0.08
0.11

Lower Upper

limit  limit

0.31
0.58
0.80
0.48

0.33

-1.00

Relative
weight
. = 67.14
- 13.07
B 4.95
= 14.84
<

-0.50 0.00 0.50 1.00
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g. Forest plot for meta-analysis of Baker’s cyst in knee OA

Study name  Outcome Statistics for each study
Lower Upper

Correlation limit  limit
Esen,2013 Baker's cyst 0.09 -0.11 0.28
Hall,2014 Baker's cyst 0.10 -0.10 0.30
Traistaru,2013 Baker's cyst 0.22 -0.02 043
0.13 0.00 0.24

-1.00

Correlation and 95% ClI

Relative
weight
—i— 38.04
-l 35.69
—il— 26.27
<@

-0.50 0.00 0.50 1.00
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h. Forest plot for meta-analysis of pes anserine bursitis (pab) in knee OA

Study name Outcome  Statistics for each study Correlation and 95% CI
Lower Upper Relative
Correlation  limit  limit weight
Esen,2013  pab 004 -016 023 23.77
Toktas,2015 pab 002 -0.09 0.13 76.23

002 -0.08 0.12

-1.00 -0.50 0.00 0.50 1.00



Construct validity of ultrasound featureswith function

a. Forest plot for meta-analysis of effusion in knee OA

Study name Comparison Outcome Statistics for each study

Lower Upper
Correlation limit limit

Dundar,2016 WOMAC effusion 0.11 -0.21 0.41
Riecke,2014 KOOS (ADL) effusion 0.10 -0.20 0.38
Ulasli,2014 WOMAC effusion 0.31 0.17 0.44

0.23 0.08 0.37

Hl—
—Hl—
i

\
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b. Forest plot for meta-analysis of osteophyte in knee OA

Study name Comparison Outcome Statistics for each study Correlation and 95% CI

Lower Upper Relative F
Correlation limit  limit weight
Mortada,2016 WOMAC osteophyte 0.15 -0.01 0.30 - 78.89
Riecke,2014 KOOS (ADL) osteophyte 0.28 -0.01 0.53 —a— 21.11
0.18 0.04 0.31 <&

-1.00 -0.50 0.00 0.50 1.00



c. Forest plot for meta-analysis of cartilage thicknessin knee OA

Study name Comparison Outcome Statistics for each study

Dundar,2016 WOMAC

Malas,2014 WOMAC

Lower Upper
Correlation limit  limit

cartilage thickness 0.295 -0.018 0.555
cartilage thickness 0.037 -0.217 0.286

0.151 -0.107 0.390

3
-
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IV. Construct validity of ultrasound featureswith X rays
a. Forest plot for meta-analysis of effusion in knee OA

Study name Outcome Statistics for each study  Correlation and 95% CI

Lower Upper Relative

Correlation limit  limit weight

Hall,2014  effusion 060 045 0.72 61.91

Riecke,2014 effusion 043 0.16 0.64 38.09
054 0.37 0.68

-1.00 -0.50 0.00 0.50 1.00
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b. Forest plot for meta-analysis of osteophyte in knee OA

Study name  Outcome Statistics for each study Correlation and 95% CI

Lower Upper Relative |
Correlation limit limit weight
lagnocco,2012 osteophyte 0.58 0.13 0.83 —— 15.05
Koski,2016  osteophyte 049 0.21 0.70 —- 39.78
Riecke,2014 osteophyte 0.68 0.48 0.81 -l 45.16
0.60 045 0.71 p

-1.00 -0.50 0.00 0.50 1.00
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c. Forest plot for meta-analysis of meniscal protrusion in knee OA

Study name Outcome Statistics for each study Correlation and 95% CiI
Lower Upper Relative
Correlation limit  limit weight
Malas,2014 meniscal protrusion 054 039 0.65 55.14
Naredo,2005 meniscal protrusion 0.40 0.21 0.56 44.86

048 034 0.60

-1.00 -0.50 0.00 0.50 1.00
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d. Forest plot for meta-analysis of cartilage thicknessin knee OA

Study name  Outcome Statistics for each study Correlation and 95% CI
Lower Upper Relative |
Correlation limit  limit weight
lagnocco,2012 cartilage thickness 0.53 0.06 0.80 22.58
Yoon,2008 cartilage thickness 0.30 0.03 0.53 77.42

035 012 0.55

-1.00 -0.50 0.00 0.50 1.00
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e. Forest plot for meta-analysis of pes anserine bursitis (pab) in knee OA

Study name Outcome Statistics for each study Correlation and 95% CI

Lower Upper Relative |

Correlation limit  limit weight

Toktas,2015 pab 0.07 -0.04 0.18 57.18
Uysal,2015 pab 0.21 0.06 0.35 s 5 42.82

0.13 -0.00 0.26

-1.00 -0.50 0.00 0.50 1.00



V. Construct validity of ultrasound featureswith MRI

a. Forest plot for meta-analysis of cartilage thicknessin knee OA
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Study name Outcome Statistics for each study
Lower Upper Relative |
Correlation limit limit weight
Tarhan,2003cartilage thickness 0.610 0.518 0.688 h 81.32
Yoon,2008 cartilage thickness 0.566 0.344 0.728 —- 18.68
0.602 0.518 0.674 ¢

-1.00-0.50 0.00 0.50 1.00
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VI. Construct validity of ultrasound featureswith blood biomarkers
a. Forest plot for meta-analysis of capsular distension in knee OA

Study name Comparison QOutcome Statistics for each study Correlation and 95% CI
Lower Upper Relative |
Correlation limit  limit weight
Darweesh,2010 serum COMP capsular distension 0.150 -0.530 0.712 = 8.14
Jung,2006 serum COMP capsular distension 0.273 -0.003 0.510 —- 55.81
Kim,2016 serum COMP capsular distension 0.136 -0.212 0.453 —H— 36.05
0.215 0.007 0.405 <

-1.00 -0.50 0.00 0.50 1.00
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b. Forest plot for meta-analysis of osteophyte in knee OA

Study name Comparison QOutcome  Statistics for each study

Lower Upper Relative |
Correlation limit  limit weight
Darweesh,2010 serum COMP osteophyte 0.33 -0.38 0.79 = 8.14
Jung,2006 serum COMP osteophyte 0.28 0.00 0.51 —l- 55.81
Kim,2016 serum COMP osteophyte 0.03 -0.31 0.36 —— 36.05
0.19 -0.01 0.39 |0

-1.00 -0.50 0.00 0.50 1.00
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c. Forest plot for meta-analysis of cartilage thicknessin knee OA

Study name  Comparison QOutcome Statistics for each study Correlation and 95% CI
Lower Upper Relative F
Correlation limit  limit weight
Darweesh,2010 serum COMP cartilage thickness 0.22 -0.48 0.75 = 8.14
Jung,2006 serum COMP cartilage thickness 0.16 -0.13 0.41 - 55.81
Kim,2016 serum COMP cartilage thickness 0.07 -0.27 0.40 —i— 36.05
0.13 -0.08 0.33 1‘

-1.00 -0.50 0.00 0.50 1.00
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C. Criteriavalidity

Criteriavalidity of ultrasound featureswith histology
a. Forest plot for meta-analysis of cartilage thicknessin knee OA

Study hame Comparison Qutcome Statistics for each study Correlation and 95% CI
Lower Upper Relative |
Correlation limit  limit weight
Martino,1993 Histology cartilage thickness 0.854 0.644 0.944 W 459
Lee,2008 Histology cartilage thickness 0.380 0.244 0.501 54.01

0.664 -0.050 0.929

-1.00 -0.50 0.00 0.50 1.00



D. Responsiveness

l. Internal responsiveness of ultrasound features (paired sample)
a. Forest plot for meta-analysis of synovial hypertrophy in knee OA

Study name  Pathology

Page 87 of 95

Point Lower Upper Relative |

estimate limit  limit weight
Henrotin,2012 synovial hypertrophy 037 000 0.74 B 47.56
Keen,2015  synovial hypertrophy 024 -0.11 059 B 52.44

030 0.05 056 ‘T

-1.00 -0.50 0.00 0.50 1.00
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b. Forest plot for meta-analysis of effusion in knee OA

Study name Pathology

Point Lower Upper Relative
estimate limit  limit weight
Dundar,2016 effusion 0.37 -0.10 0.83 L 36.52
Keen,2015  effusion 0.22 -0.13 0.57 L 63.48

0.28 -0.00 0.56 ‘[

-1.00 -0.50 0.00 0.50 1.00
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c. Forest plot for meta-analysis of cartilage thicknessin knee OA

Study name Pathology

Point Lower Upper Relative

estimate limit  limit weight

Calis,2015 cartilage thickness 022 003 042 - 68.13

Dundar,2016 cartilage thickness 0.00 -044 044 —— 13.58

Sampson,2010 cartilage thickness 0.27 -0.11 0.65 = 18.29
020 0.04 0.36 <

-1.00 -0.50 0.00 0.50 1.00



d. Forest plot for meta-analysis of Baker’s cyst in knee OA

Study name  Pathology

Acebes,2006 Baker's cyst
Bandinelli, 2012 Baker's cyst
Di Sante,2010 Baker's cyst

Koroglu,2012 Baker's cyst

Point
estimate

0.49
0.60
0.55
0.69
0.58

Lower Upper

limit
0.11
0.26
0.14
0.30
0.40

Relative F
limit weight
0.87 24.42
0.94 31.06
0.96 20.84
1.07 23.68
0.77

-1.00 -0.50 0.00 0.50 1.00
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1. Internal responsiveness (independent sample)

a. Forest plot for meta-analysis of effusion in knee OA

Study name  Pathology

Point Lower Upper Relative
estimate limit limit weight
Dundar,2016 effusion 0.38 -0.25 1.00 - 12.22
Elsaman,2016 effusion 0.67 044 0.91 HB-| 87.78

0.64 0.42 0.85 ,

-1.00 -0.50 0.00 0.50 1.00



b. Forest plot for meta-analysis of cartilage thicknessin knee OA
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Study name Pathology Statistics for each study
Point Lower Upper Relative F
estimate limit  limit weight
Bansa,2015 cartilage thickness 040 0.00 0.79 —i— 41.61
Dundar,2016 cartilage thickness 0.22 -0.40 0.85 i 16.79
Henricsdotter,2016 cartilage thickness 0.22 -0.17 0.62 B 41.61
0.29 0.04 0.55 ﬂ'

-1.00 -0.50 0.00 0.50 1.00
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[11. External responsiveness

a. Forest plot for meta-analysis of synovial thicknessin knee OA

Study nameComparisonOutcome Time point Statistics for each study Correlation and 95% ClI
Lower Upper Relative F
Correlation limit  limit weight
Jan,2006 VAS pain synovial thickness8 week 0.60 0.37 0.76 51.86
Keen,2015 VAS pain  synovial thickness1 weeks 0.20 -0.15 0.51 — 48.14

0.43 -0.02 0.73

-1.00 -0.50 0.00 0.50 1.00
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b. Forest plot for meta-analysis of Baker’s cyst in knee OA

Study name Comparison Qutcome  Time point Statistics for each study Correlation and 95% CI

Lower Upper Relative F
Correlation limit  limit weight
Di Sante,2010 VAS pain  Baker's cyst 4 weeks 0.11 -0.29 0.48 48.16
Koroglu,2012 VAS pain  Baker's cyst 8 week 0.54 0.24 0.75 51.84

0.35 -0.11 0.69

-1.00 -0.50 0.00 0.50 1.00
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