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165 patients were screened —

Il

CP patients with
> 2 Hip radiographs
July 2003 ~ April 2013

Patient
selection
3| 8 patients were excluded
due to prior hip surgery
R
| 157 patients were included |
- fu—
| 614 radiographs during hip surveillance |
y
17 were excluded 87 were excluded 147 were excluded
due to obscure due to not taken Radiograph
roximal femoral [ | due toobseure M|y o Jecti
P . triradiate cartilage - 5P selection
physis = process
v y v
614 MP 614 NSA 597 HSA 527 Al 467 PO
| LMM application | 1

a9 1. A% 9 A 7]+ CP = ¥AdvlH], cerebral palsy; MP =
Zo)WE-S  migration percentage; NSA = tHE A 7HZE, neck—
shaft angle; HSA = tE&F—-37HZ, head—shaft angle; Al =
H] G- A<=, acetabular index; PO = ZFHF A} pelvic obliquity;

LMM= A38Z3 249 linear mixed model
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percentage, MP) (20), W& 4 7+2Z (neck—shaft angle, NSA) (18,
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intercept 29@S Yehyith md FAAF 717 A, A9

2 AFeAE AgEE ICCY 2-way WY &% RdE o] &
3+ 9™ single measurement, absolute agreement (27, 28)
Z7A3}e] ICC H3X* 0.85 A L3t Bonett’ s approximation
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783 3094 (19.1%)& GMFCS V 9AZ EFEct (% 1).

VR AR wAAE, RE GgegH S} B
A Ee] AR BAT BEARR AHmd BAAR

(ICC Z+7F 0.912¢F 0.716) (% 2)

MP, NSA, HSA, Al PO SAA= A3 29, 482713 2}
GMFCS w©@Ale] w& R4S A3 MP= GMFCS V. &7 1ol
A ARV e FesiAl d¥Fe W Ao® HolEh AXb
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riot

H 1 3XIHE QoF

Parameters Values

Patient’s Information ~ No. of patients (Male/Female) 157(104/53)
CP type (Unilateral/Bilateral) 16/141

GMFCS level (I-111I/IVIV) 95/32/30
Follow-up duration 29109
Radiographic o
charac%er?stics NSA (%)
Initial 146.9 £ 9.9
1519+
Last F/U. 10.6
HSA (°)
Initial 160.3+9.5
Last F/U. 161.9+9.6
MP (%)
Initial 31.8+22.7
Last F/U. 35.7+ 235
Al (°)
Initial 216+7.4
Last F/U. 22.7+7.8
PO (-/+/uncheckable)
Initial 101/33/23
Last F/U 90/39/28

GMFCS, gross motor function classification system; NSA, neck shaft angle; HSA,
head shaft angle; MP, migration percentage; Al, acetabular index; PO, pelvic
obliquity

16



B 2. XL BHEXZE ME[E

- Inter-observer
Intra-observer reliability

Measurements reliability
IcC 95% Cl ICC 95%Cl
NSA 0969 09400984 0900 O
HSA 0914 08250957 0856 O
MP 0989 09650996 0977 O
Al 0937  0821-0971  0.732 %?3391
PO 0912 08350954 0716 0>

ICC, intraclass correlation coefficient; Cl, confidence interval; NSA, neck shaft
angle; HSA, head shaft angle; MP, migration percentage; Al, acetabular index; PO,
pelvic obliquity
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E 3 HOMES0 FYS FE ©
Estimate
(%) 95% ClI p
GMECS level
[-111
(Intercept) 22.5 15.4 t0 29.6 <0.001
Gender Male -9.5 -17.8 to-1.1 0.027
Side of hip Right -3.4 -7.4100.7 0.100
Follow up Year -0.04 -0.5t00.4 0.868
GMECS level
[\Y4 (Intercept) 41.0 23.51058.6 <0.001
-27.5t0
Gender Male -5.9 15.8 0.588
Side of hip Right 2.8 -15.51t09.7 0.652
Follow up Year 7.8 -1.81t017.3 0.107
GMECS level
\Y4
(Intercept) 53.3 31.9to 74.7 <0.001
-15.91t0
Gender Male 7.5 12.9 0.522
-31.2to -
Side of hip Right -15.1 0.9 0.064
Follow up Year 7.1 1.3t012.9 0.018

GMFCS, gross motor function classification system; Cl, confidence interval
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E 4. 0=Z32z0 g2 F& o
Estimate
) 95% ClI p

GMECS level
1= 143.2 to

(Intercept) 146.6 149.9 <0.001
Gender Male -0.6 -4.6 t03.4 0.077
Side of hip Right -2.9 -4.41t0-1.5 <0.001
Follow up Year 3.2 19to4.4 <0.001
GMECS level 149.9 to
[\Y4 (Intercept) 154.8 159.7 <0.001
Gender Male -1.2 -7.41t04.9 0.691
Side of hip Right -2.9 -5.3t0-0.4 0.023
Follow up Year 4.7 23t07.1 <0.001
GMECS level
\Y4 150.3 to

(Intercept) 155.1 159.9 <0.001
Gender Male -1.7 -13.2t09.8 0.774
Side of hip Right -3.7 -6.4t0-0.9 0.010
Follow up Year 5.3 291t07.6 <0.001

GMFCS, gross motor function classification system; Cl, confidence interval
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E 5 CIE|ZE-7bezto] g8 & olxf
Estimate
() 95% CI p

GMECS level
-1 157.4 to

(Intercept) 160.8 164.3 <0.001
Gender Male -2.5 -6.6 t01.6 0.225
Side of hip Right -14 -4410-1.5 0.094
Follow up Year -0.2 -1.3100.8 0.669
GMECS level 161.5t0
[\Y4 (Intercept) 166.4 171.3 <0.001
Gender Male -2.2 -8.4104.0 0.481
Side of hip Right -0.9 -29t0 1.1 0.382
Follow up Year -0.2 -2.7102.3 0.878
GMECS level
\Y4 158.4 to

(Intercept) 163.5 168.5 <0.001
Gender Male 3.7 -20t09.4 0.199
Side of hip Right -2.5 -5.3t00.4 0.085
Follow up Year 3.8 1.41t06.2 0.003

GMFCS, gross motor function classification system; Cl, confidence interval
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Abstract

Introduction: Hip instability is problematic in patients with cerebral palsy

(CP). Some reports described the progression of hip instability, however, there
are few reports about rate of progression, affecting factors, and relationship
between Gross Motor Function Classification System (GMFCS) level and
degree of progression of hip instability. In the present study, we aimed to
investigate affecting factors and rate of progression of hip instability in
patients with CP by assessing changes in the radiographic indices according to

GMFCS level during hip surveillance.
Methods: We analyzed medical records of consecutive patients with CP who

had visited our hospital between July 2003 and April 2013, and had more than
two serial hip radiographs obtained during duration of hip surveillance were
included in this study, excluding those with (1) history of hip surgery; (2)
presence of hip deformities caused by trauma, infection, tumor, etc.; (3)
inadequate taken or scanty number of hip radiographs; and (4) presence of
neuromuscular diseases other than CP. Through panel consensus, five indices
of radiographic measurements were selected including migration percentage
(MP), neck-shaft angle (NSA), head-shaft angle (HSA), acetabular index (Al)
and pelvic obliquity (PO) on the serial hip radiograph. A linear mixed model
(LMM) application was used to analyze annual changes in radiographic
indices of hip instability during duration hip surveillance. Measurements were

adjusted for risk factors according to GMFCS levels.
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Results: A total of 157patients were included in this study, and 614
radiographs were evaluated. GMFCS classifications were as followed: level |-
I11 in 95 patients, level 1V in 32, and level V in 30. In patient with GMFCS
level V, MP significantly increased by 7.1%/year (p=0.018). NSA
significantly increased over the duration of hip surveillance in patients with
GMFCS levels I-I1l, 1V, and V by 3.2°%year (p<0.001), 4.7°/year (p<0.001),
5.3%year (p<0.001), respectively. HSA significantly increased by 3.8°/year
(p=0.003) in patient with GMFCS level V, whereas Al and PO did not change
significantly.

Conclusions: This study investigated the rate of progression of hip
instability in patients with CP, the factors influencing this progression, and
relation between GMFCS level and degree of the progression. Of the 5 indices
investigated in the study, we found that MP, NSA, and HSA significantly
escalated with age, and tended to increase in higher GMFCS levels. In
patients with GMFCS V, the above three indices were statistically significant
in predicting hip instability, thus warranting periodic radiographic hip

surveillance in this group.

Keywords: cerebral palsy, hip instability, radiographic measurements,
Gross Motor Function Classification System (GMFCS)
Student number: 2003— 23807
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