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Comparison of the Reliability and Validity of Fall Risk Assessment Tools in
Patients with Acute Neurological Disorders
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Purpose: The aim of the study was to identify the most appropriate fall-risk assessment tool for neurological

patients in an acute care setting. Methods: This descriptive study compared the reliability and validity of three

fall-risk assessment tools (Morse Fall Scale, MFS; St Thomas’s Risk Assessment Tool in Falling Elderly

Inpatients, STRATIFY; Hendrich Il Fall Risk Model, HFRM II). We assessed patients who were admitted to the
Department of Neurology, Neurosurgery, and Rehabilitation at Asan Medical Center between July 1 and October

31, 2011, using a constructive questionnaire including general and clinical characteristics, and each item from

the three tools. We analyzed inter-rater reliability with the kappa value, and the sensitivity, specificity, predictive
value, and the area under the curve (AUC) of the three tools. Results: The analysis included 1,026 patients, and
32 falls occurred during this study. Inter-rater reliability was above 80% in all three tools. and the sensitivity was
50.0% (MFS), 84.4% (STRATIFY), and 59.4% (HFRM Il). The AUC of the STRATIFY was 82.8. However, when
the cutoff point was regulated as not 50 but 40 points, the AUC of the MFS was higher at 83.7. Conclusion: These

results suggest that the STRATIFY may be the best tool for predicting falls for acute neurological patients.
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e F47] AES BPshs WAl S5 sk &

3| A1 2] sl2 (Australian Council for Safety and Quality

in Health Care, 2005), & Al 3kx} 4= 1,000 & 7.84~8.02
A Ax dsl= Ao 2 HaEd 9ri(Petitpierre, Trom-
betti, Carroll, Michel, & Herrmann, 2010; Ryu, Roche, &
Brunton, 2009). 53], 654 o}/d-<] =21 311 73-¢- 2F 30%
oM, 80l ol dellME & S0%E =2lollx YAt whao] H35

32 B 4= oh(Friedman, Munoz, West, Rubin, & Fried,
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2002).

=
Holu}, %, &9 59 A% dHSS dod 3o
8], =gl EAbe] A9 A A &/ ofet -2, E]E AL
2 Ast, #7189 22 54
dtt(Jang & Kim, 2002), 53 S5} 2235182 ¢4
QLG S7} P AdE A Ad T2 HY S
= A £&48 38T = Joh(Kim, Mordiffi, Bee, Devi,
& Evans, 2007). wp2ba] 831 G 48] dovl=
Eolo] AlaLE 7Haly| vt o 4 Qle 1 #AI= 2l
A3H= Ao] B Q3 (Hur & Kim, 2009), 4+ 24 2] 918
L2015 glstofof it

P A8 992 A FAEG 21, 27N, vl vt
9 T 22 AAF Q13 A%, WA {5, AlAl Al
- 5 A ARde] Ad WiAlA e9leg vE Y
(Jang & Kim, 2002). webs] Bdelx o] G o 25
qAA 2]le £ol7] 93 &, F, BA vigold B
H|LHA] A A EAt 2o 2E WA fAlshks A
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AW G55 Falsh= A 5ol

x . Fag 75 P9le] shtoln,
53], e Aol gl =2 o188t W 1 919 A= Al
2 dEshs AL i o Bl Salelet & & ot
(Kim et al,, 2007; O’Connell & Myers, 2002).

Al W el Tk S 919 ) =7}
5Jo] A5 SIck, 71& BN 714 ol AL HTL P
E=T2F Morse 2 A =7, St Thomas Y23 $18 A
7, Hendrich 11 4} 18 A1 =7 o] glew], 22}l
W T gl 2 BrdAde] AS5E vk ot o
] Gie} o]73S HolaL g}, o] F 71 el ARS-EHL
LT Morse 3 AP =724 B d7tellA ol
lor}(Morse, Morse, & Tylko, 1989), < 347]
P Aol = G oSl gl F R EE B of(Bagle
et al.,, 1999; O'Connell & Myers, 2002) ¢} 7ol ule}
7tz e} So|xo] xto|7t & Aoz YTt St Thomas
FA}F 93] A =74(St Thomas's Risk Assessment Tool in
Falling Elderly Inpatients: STRATIFY)E =rollA] 7)dtx]
o] frgolvt &, At T A7 ARE de R sk |
HollX BB =7t 22 B2 AR5 AL QAL Sl 24
o] A% Tlol=EilE 3l ARgo] dAxEHE =Tolu

(

(Australian Council for Safety and Quality in Health
Care, 2005), STRATIFYo] AL A7-2] HelEA oAM=
N7HE ol Eo|wy) 24| 9Fe Ao 2 W E|o](Oliver et al,
2008) Tl B2 I Aol =7 AFol Doz Aot
Hendrich II Y4 918 AFd =7(Hendrich II Fall Risk
Model: HFRMINE 847] X822 J a2 1= w8 Yo
Al oeket S22 it o= i E 1AL, Kim 5(2007)9] 4
FAME F47) ARE 25K A9 BRI ThE 70
sl S AP vlel 71 B34 £Tele Bl
o} 22 o] F =T Bt A i o] =] Bl S
Q15 77} wA Slof o et T e thaAolN A%
o] B Qg dejolct. o]} o] X} A F-2 ti Aol w2}
ZAzte] w75 A§ehee n) il g Mg 2 Solw
= 2FolE 1Y F 9Jo](Heinze, Halfens, Roll, & Dassen,
2006; Myers & Nikoletti, 2003; O’Connell & Myers, 2002),
7 P WA} RS 548 nelstel 714 A4 B
£ zhol A gsh= 7o) Fasith(Perell et al., 2001).
A73A gALe] 739 604 o] =2l A} BaL 91A] 7
o, wel ol S| BAlE 7hel B gon, Qe kg
$3 T2 A% ok B 5 S 99 2202 Bol AXw
It} (Evans, Hodgkinson, Lambert, Wood, & Kowanko,
1998). Ryu 5(2009)& 2787 E2k= 4 A 411,000
T 8.0271 0% v} Zg Srto] ula] o] W] BT
< H3138}9al, Harlein, Halfens, Dassen®} Lahmann
(2011)2 Fdollx 3131 377) Bl A& 2aH #4352
QAL U= 6541 o)/ i=2lo] QIA] Aol7t Q= =
ololl vlaf 4.2%014 12.9%= o] T71gHe B arsto]
A EApoll P} AF el HoS BTk 22u A
3 93 AP =TellAE 1A Aol £ B3 Aol 52
A5 A} 7} o= BREol 94 glol el
Aol opd Ao 2 B/E 7 o] P oY 55
3 2 4 3l
w2ba] 54471 B4 i
Ads R 5 ol BTE A AL
o] 7]Rola Al ARtolgt & 4= qlth(Eagle et al,
1999; Myers, 2003). L2t} 71 A7-ollx = AA 54471 &
AE o 3 P 99 A4 =7 vlael B3 977} 2
H 9JS ¥(Chapman, Bachand, & Hyrkas, 2011; Kim et
al,, 2007) 2173A A5 dido s g A7 vulg Aol
o, FUe] B9 F2 o] oI Pl 9T T
29l 7 5o ZAFATF(Hur & Kim, 2009; Jang & Kim,
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2002)9} G el i-E A3 -5 T2 a9 0] F o] gk FA)
97(Gu, Jeon, & Eun, 2006; Shin, Shin, Kim, & Kim,
2005)7} 91918 B =T0] Aol thak AT A vl FH
Aol
wEhA] 2 A9 9] el =2 w5471 A
oM o o A3
Al Szpol| A AH-g =75 B2k}
2pe] Yot ol S5-S

~
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__I.L
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2 Ay F47] A% BN 248 94 99
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[

=72 dolr7] $late] 37)9) Y 913 A ©T2 wlaws}
A} shglen] PAHQ 2L thew} A,

* Morse S AP &, St Thomas S 918 A =+
9 Hendrich 11 93 918 A =79 SHA 7 A==
£ vlugitt,

Morse S+ A =, St Thomas S 98 AHY =

9 Hendrich 11 Y4 98 AP &7-9] 917 = (sensiti-

vity), E-ol=(specificity) 2 dl&=(predictable values)
£ H|ught}
CEFT
1. S84
2 A7 YN e S8l 44 A EE

Fog 370 P} A A =R 1R AL 8T 7T
ol gk 2742k 7k A=} HA| G 7hs A oARE vy
Z |55 = Aol tiet AEdE 7 = HE vlastal
A} 8= Hlal ZAATRolT)
2. ATTHA U CHAIE & M

B ATe] tiidab= 20119 79 1978 109 319 714
AEAT DA 3 A A, A7l AlBlEst
BEel 40T AAA BB F, 7204 oo B AT
Felgt ol 208 ARSI, ol 20104 skl 67
9 Eol WA} ubyg AL D 9l9] A2 7oksle] 471Y B
Qo] AEE i 24 shlek, 2 BT 244 7 A
A% PSL 93 AT BE 5 e A ol

ol o
=

|
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ity difference) & o83t & 5

12] 8+5-2] z}o](probabil-
8l A3 91, 2 Aol

(relative error) ¥ =4
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= A 98] 2()%, ZA 2} 7] AubA Q] X% 80%, 2o
3 AT FES 1002 Ashglom olo] o HE 5
= 5190tk (Advanced Analytics, 2010).

3. gdE¢

1) Morse Y4 A3 =7 (Morse Fall Scale: MFS)

MFS2 $xtellA] 18 8119 EA] {75 H7ksh=s =7
2, o]abA Xk, B B x7|Fo] ARg-of - HulEAL
v 39k 7Y (heparin cap), B3 7ol ®a] Zoljof thgh 2l

A58 9] 63}=o] E3 o] git} FAEo] gloH 04, =
739257, o|A}A XIdko] Sl 74-- 04, x| =A] &2 o]t

Aeko] ghi= 79 1550 2 STk wa) EslTe) ALg

R = ALRSHA] b= A9 Aol ARR, AR, B
(bed ridden)-& 04, B4 X|Fo] BY7|E ALL3H= ¢

154, B3 R27|TF 9] 7|72 AMeH= A9 30402 =4
g}, ARt 3|92 A (heparin cap)& $12H 04, 2
o 204082 FHstaL, B Foll= A Bao| A} Al
oY, 7520 A% 04, BEo] FaL s{oksA A= 74 10

A, 3L 7] |1, Aol 7179] =8 glo] 2L
e B 208082 ZAgtt B Aol of thgh QAT
Aol7h Qe 734 157 0.2 43} MFSe] A4 A 0

Aol i 1257 0= FA=]o] glom, 2573 w|wke 2] 9
A (Low risk), 25~508-& Z 9@ (Medium risk), 503
o] 2Fsh= 7395 1L P (High risk) 02 73} 7
7 @TollA MFS«] TS 55~830%, Sol=& 29~91%,
WA clE=t A S ‘74 6~38%, 81~99%= T}
‘3}71] Haugs glow 1 HFT -0l gk S4A 1 A1

= 80~96% % X 11| E]-(Eagle et al., 1999; Kim et al,,
2007; O’'Connell & Myers, 2002).
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2) St Thomas 34 9138 A} = (St Thomas's Risk Assess-
ment Tool in Falling Elderly Inpatients, STRATIFY)
STRATIFYE 3lA)e] A2 Q15 whibe] 3712, £5,

z4 3R (ag1tat1on) 2 de Aol = 8}t AA A, A2

Ao, £4-¢ 00 o= wIwa s 29, 7154 Aol
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= 919l glod 09 v, 34012
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27 oS WP R 51948 w] STRATIFY ] WIZHE
93%, Sol== 87.7%, ¥ AF== 62.3%, 24 AFEs
98.3%% B 31%$)31(Oliver, Britton, Seed, Martin, & Hop-
per, 1997), Z3A} 7F A 2= 78~87% B I E Th(Kim et
al., 2007; Papaioannou et al., 2004).

3) Hendrich II YA 98 A} = (Hendrich II Fall Risk

Model, HFRM1I)

Hendrich 1= 77] Wae] 9l aele rksnl, &/
A g Aol /%% (confusion/disorientation/impulsivi-
ty), S3424 21 -5 (symptomatic depression), BJA ol
(altered elimination), oJX|2}e-5ou} & (dizziness or
8 (sex), F73EA wlzrtolobAlA AA| B8
o} & (anti-epileptics or benzodiazepines), dojv} A7)
AHget up and go test)7} o]of| Z3HeT} EE/A G oll/
F50l 9l A9 4%, S4A $-850] 9= 49 24, )
A Aoll7} s A4 17, ol ehgFolt wol glew 17,
Ao] Ak 4 1010, S B aaie 27, Wi

chololAle AAE Bgat 1o= 24t dolup 7]

vertigo),

AARE SRl Lol 5 Gl FHE B AR 4 2
old % 9o 0%, £0= 2 ot 14, ofe] ¥l A=
f‘fHOl: ol = 9l 739 3, £8-2 Fol= Yol 5 gl
$ 402 Za, 7 54 ool el AFel )
7‘_& dgitt, 71 AFtelld HFRM 119] 7=+

70~ 74.9%, HOl=E 61.5~73.9%, ¥ AF=E 2%, 343
A EEE 99.5%2 HarEglon, S} 2 A2 me 87T%E
H 15t (Hendrich, Bender, & Nyhuis, 2003; Kim et
al,, 2007).

4, Xp2AE

£ A7=20119 79 19 76 10€ 319 744 21783, A
39, Agelstte] 371 ool APA Ao = et &
A e 2 del F 48AIRE o] T2 HEAE ol
stol 18] 2Abelgint. 7249 AAlols EAbe] dnk
S 545 3709 P AP = U8 23
t}. skalo] Adulbz] ExJo v oy Al Y AedE %
ASHATL, P B0 zE e A AEES EAFsIC
3708 S A =7 7 mell EgFElo] Qe AR U
£ vld U8 A ekt ol 2ARPE 2t2ke] 3

Zo) o}t =79 RS vle] BA| RHES 3] 54

gt Ao g Hrid & J=F 39t “U iy =S
o 2 37l o] YA AP =7 A ol oF 2~58-9] A]7to]
29 5ot

B A7) A F 8902, 5 WEAAH 29, A
sl 295, ARl 195 19] D 2
AR 2 AHE A5 915 399 )2 ZARE T
A1 2R 34 ool 1 3ol gl A WS
S kAL BAlol] el BAE Fie Awel
A Eolg B4 370 AP wpol aH Sl AEAS
ZARKES sl 9ick. ol3} ZAAE 3] 4770 QAR
BAZ 244 7 A 2L 99 Bk 2A4A 370
P AV =T 27 A Qb 2AbAs Aol Bde] el
Zgsts) S0 2 Sgstel 2441 WA dehg A%

£5 sjeirh. ol ZAAE AT R 5 A% 179 &

s143] thsted o)) & ekl 243
ARsoll P Pk o] AT ARS slato] sl
5] S A el S el 2 09 5ol o

FELEE 29) DAL, 2 ARE BEol wpste] mE
BRSO -2 SAT 5 ULES S Eah, WA 24}
A5 ol2 2AE dho2 el 4 1Y A 7 9
2o tig 42 A, Q7o S 99l B el o
A0 3 A8 A 0 S o
£ % % YA ool Ui 9
o] % ThA] 5e] A Qo] FE rlatel 294 7
F|=7} kappa g% .9 o)’do] 2 ti7hA] vHE SAsE § 2
79 AmTHE ARtk

AT =5 o] TAYsH Sate] @
W5e] WAt AP} Al el A Bl 7

§50) Qi 2AAe} FHEA I APA ) vl ok
o2 AL o0 2 Selatel et ol Sl
3k, w3l 7El o glAjol| Al GAto] viE-F o 7 WA= 7
= 1722 7k 89t
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5. 228 13

B 7= s Y U A7A19] 9 93] (IRB, Institute Re-
view Board) ] 4l9]& A% = 1P HJAch( A M5 2011-
0233). ﬂ?‘ﬂ*}x}'— A7 A SAIRFE ATe] B4
I -8-oll B FEgh ’S‘%‘—% S AE FoJ3 xS o
2Fo 2 ahdnt. mgh, A7 = FolE YA & 739 A
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SToll] AAgE e
7150l w2t S w3k kappa #
o2 JkEsgint.

B s A G el whe 24 =] R, 5ol
=, 2, 24 dlEEE ©F 3lo] |l B3,
Z} =72 ROC (Receiver Operating Characteristics)
curveZ £38F =4 5} M3 (Area Under Curve, AUC)

2 H A Ak (optimal cutoff point)& A3} $Ict.

T F 105179 BAE tde s 3749 Y 9l
4 =77 SAEI. olF P AE AV =70 34
HA] @4-2 2578 A3 F 1,026782 A8t

F 35710 ol AT o] T 112
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AaldARe] a9 QP B2 okt 2tk (Table 1).

1,026 F oJ&} A= 5429 (52.8%) 019 AR Ft
AFL 56,4114 942 VERTE Agid=E 50~59417F
2497 (24.3%) © 2 714 Bokal, 71 thgo 2= 60~6947}
24178(23.5%), 704 o]2Fo] 2209 (21.4%), 40~49A4)7} 167
3(16.3%), 3941 o3} 1499(14.5%) w=o]Aeh. A7uidAt
o] MBI = 2177 43378(42.2%), 273217 50618(49.3%),
A &2| sk 879 (8.5%) 0.2 YrERITE, A7t dAke] g
2 &3 Agho] 469 (45.8%) 02 7P woko | Fok
182%(17.7%), #5243k 10195(9.8%), A7 P4 A3k
10078(9.7%), 294 23 35(3.4%), 2178 Z&(neuro-
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=
00
H>
oln

muscular disease) 23%(2.2%), ¥AZ 19%(1.9%), 7|e}
A3 9778(9.5%) &0 2 YERIT}

Table 1. General and Clinical Characteristics ~ (N=1,026)
L ; n (%) or
Characteristics Categories M+SD
Age (year) 56.4+14.9
<39 149 (14.5)
40~49 167 (16.3)
50~59 249 (24.3)
60~69 241 (23.5)
>70 220 (21.4)
Gender Female 542 (52.8)
Male 484 (47 2)
Admission Neurology 433 (42.2)
department Neurosurgery 506 (49.3)
Rehabilitation 87 (8.5)
Diagnosis Cerebrovascular disease 469 (45.8)
Tumor 182 (17.7)
Spine disease 101 (9.8)
Neuro-degenerative disease 100 (9.7)
CNS Infection 35(3.4)
Neuromuscular disease 23 (2.2)
Epilepsy 19 (1.9)
Others 97 9.5)

CNS=central nervous system,

LEAL

a0 vy

—

2. S8 MHE B9 EHA 2 MEE

B A7AR 5497] 2V8A BAE tPe = AAe 371 v
24 918 AP =] A 2 AF s o) 2o (Table 2).

Morse G APd =4 (MFS) 2] S} 7+ 22| =& kappa
Z% 819911, St Thomas 73 918 AP =71 (STRATIFY) 9]
A9 247 33& V1R 08 1 PT FFE v A5k
S w] Z+Z} kappazk 8203} 868% YElJT}. Hendrich II
P 913 AP = (HFRM 1D 9] 293 ool w2 =4
2 3 A E e 8958 YERY, 3719 G AP Tt Bl
A EZARA 7F A F = 8 olAko g =7 Yehich

Table 2. Inter-rater Reliability of the Fall Risk Assessment Tool

Tools Cutoff points at risk of fall k-value
MFS =50 819
STRATIFY >2 820
>3 808
HFRM 11 =5 895

MFS=morse fall scale; STRATIFY=St Thomas's risk assessment tool
in falling elderly inpatients; HFRM I1=Hendrich II fall risk model.



3.4y B MY =79 BigE

2371 278A BAE td o2 AAe 371 Gt A E A
A =79 el == v} ZthH(Table 3).

MFSe] RIZFEE 50%, Eol=E 90.1%, ¥4 dASEs
14.0%, 12]aL 24 dl&=E 98.2%2 YERITE STRATIFY
23 o P 9P o B FAES uf IRt == 844
%z oe] &7 F 7P T Jebd o 31 ol g L 99
T02 39S woll= 40.6%2 71 3| UERdt) Eolw
o] B9 23 71 A1 73.5%, 37 715 A 90.0% AL, 73 <l
=5 Z42F 99.3%, 97 9%2 G2do] obd BAE dl&she
SEL AubH o g = AUt HFRM 119] RIZFE=
59.4%2 Woko v, Bol=& 78,5%= VERSITE

Z} =7-9] ROC curves Figure 13 2t} ZF =2 344
SHHA(AUC)S MFSE 837, STRATIFYE 828, 1|1
HFRMII £ 7458 37}A] &7 25 7 oo & s #o] gl
£ Ao g yehit} ROC curveo] w2 22 Ak S MFS
£ 404, STRATIFY+ 24, HFRMII & 34 oS 1L 93
o2 Frkehe o] 71 dEEo] 5% HoFla, o]
o w2 7} =7-9] ¥IZtE e} So|== Table 49} 2},

1.0
0.8
E 0.6
2
o
w
c
o
0.4 / ; ROC curve
—- MFS
— STRATIFY
gz -- - HFRMII
Reference line
0.01
T T T T
0.0 02 04 06 08 1.0

1 - Specificity

MFS=morse fall scale; STRATIFY=St Thomas's risk assessment
tool in falling elderly inpatients; HFRM II=Hendrich II fall risk
model.

Figure 1. Receiver operating characteristic curve for
the fall risk assessment tool.

= 0

2 Q7 w7 A BALE TVE = MFS, STRATIFY,
HFRM 11 370¢] ¥4 98] A1 =7 AFge 2 glges
F R0 2 A% STRATIFY 282 19]8lio 2 3}
R 84 4%, Bo|= 73 5%2 T4 2747 84
diEshetl 7Hg AAE o2 ekt
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] 32} 5 1,000%F 3.75719]] SfFohs Aoz
o] W A E R WA Ui o]
gt SAtol|A] WHE o] & A5
£3h, 2 A7t sdE HEeae2d
S AP F5S ATHeE 75
Ao} AADF7E7~10U A=z B 7Hs
o]olx] o]e} -2 A7} UEltS 210 &2 Azt
B Aol 37k = BT S8 7 A=) 8 o]
22 =7 veRtt. ol Kim 5(2007)0] 5447 5
A3t BE FAE o2 g AFolN A BT &
A} 7E A1F =7t 8 o RYH A 22 Aoz 4l
AN = 37HA] =7 BT A A SHE 5 IJ22
HoFEdet, e dTtell A =7kl gk ws-2 AAs)
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Table 3. Sensitivity, Specificity, and Predictive Value for the Fall Risk Assessment Tool

o
=g

Lon

L=
[=)
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oln

—

(N=1,026)

Cutoff Fall Sensitivity Specificity ~ Positive predictive Negative predictive
Tools .
point Yes (n=32) No (n=994) %) (%) value (%) value (%)
MFS >50 16 98 50.0 90.1 14.0 98.2
<50 16 896
STRATIFY >2 27 203 84.4 73.5 9.3 99.3
<2 5 731
STRATIFY >3 13 99 40.6 90.0 11.6 97.9
<3 19 895
HFRM 1T >5 19 214 59.4 78.5 8.2 98.4
<5 13 780
MFS=morse fall scale; STRATIFY=St Thomas's risk assessment tool in falling elderly inpatients; HFRM Il =Hendrich II fall risk model.
Table 4. AUC and Optimal Cutoff Point for the Fall Risk Assessment Tool
Variables MFS STRATIFY HFRM II

AUC (95% CID)

Optimal cutoff point >40
Sensitivity at optimal cutoff point (%) 78.1
Specificity at optimal cutoft point (%) 822

837 (765~ .905)

828 (767~.888) 745 (674~ .816)

>2 >3
84.4 81.3
73.5 61.5

AUC=area under ROC curve; MFS=morse fall scale; STRATIFY=St Thomas's risk assessment tool in falling elderly inpatients; HFRM II=Hendrich

11 fall risk model,
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