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Comparison Analysis of Performance
among the types of Intraosseous Needle
in Animal Bone Models

Ji Sook Lee, M.D.2 Kyoung Chan Ahn, M.D., In Young
Heo,M.D., Young Shin Cho, M.D.?, Sang Cheon Choi,
M.D.2, Mi Jin Lee, M.D.*?, Gi Woon Kim, M.D.2

Purpose: To compare each type of intraosseous needles
for the performance.

Methods: Eighteen doctors participated. We chose chicken
legs for the pediatric tibia model, and the metatarsal bone of
swine for the adult humerus model, based on CT and bone-
densitometry testing. We decided chicken legs for a pedi-
atric tibia, metatarsal bones of swine for an adult humerus.
Each doctor performed intraosseous insertion into the
chicken leg 3 times per needle and 1 time per needle for
the swine foot. In our study, we compared the following:
intravenous needle (IV), spinal needle (SN), bone marrow
aspiration needle (BN), Jamshidi needle (JN), and EZ-IO ™
(EZ-1O).

Results: The success rate of EZ-IO, JN, BN, IV, and SN
was 79.6%, 63%, 57.4%, 42.6%, 16.7%, respectively in the
pediatric model. The bending or broken rate of IV and SN
was 42.6% and 59.3%. The success rate of EZ-IO, JN, BN,
SN, and IV was 83.3%, 44.4%, 33.3%, 22.2%, and 22.2%,
respectively in the adult model and the success rate of the
IO device, such as EZ-I0 and JN was higher than in others.
The time to insert was 18.9~32.0 seconds to all devices but
SN, BN, IV had wide standard deviations.

Conclusion: We suggest that using commercial
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intraosseous devices are more effective than using 1V, SN,
and BN to achieve vascular access in severely ill patients.
Further study of real patient models is needed to clarify the
usefulness of the devices demonstrating successful results
in this study.
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Table 1. The comparison data of human bone and animal models

o 15} 9191 7ol 3 AF) FAS S
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9 Siek. Tk W5 shel g 7ol ) 5|

2] ¢] k3] )W (metatarsal bone) < A E Y% =74
ZAAE A&t T Aeke] T A x| 9} 0] a1,
2. &

S S, Lotate] A
=

stol U 74k o &3} A%

M= Tx dH YL vk 17 G, &5 HA
vh= 20G, &5 A AE vk= 13 G (Rosenthal aspiration
needle), 714 =W FAF v1E= (Jamshidi needle,
Baxter Allegiance Inc, McGaw Park, USA), 393 =
H2 nvks 157 (EZ-10™, VidaCare Corporation, San
Antonio, USA) B 5% 75 AHE-8FqlaL, w2 dle] 7} v}
=9 33 U FYHE Aleste 235 EA4 8T
RE uES 48] Folls WAk FA17] (fluoroscope)
Q& sto] wh=ol Fdlel s YA A=7HE Eelaltt
(Fig. D).

T3, A Qlw o} ALofw Afo]o] FH L o] E Yolr 7|
Slsto] Al mdof 7} FAF v E 134 Alde &
Zropm Bdllof A Al FA Ao} vl sl

AlgY Ao e s & JFS HAaske] flske] 7]
& E}L FeiQl = !;51 Tx A FYE = 176, 8F

2 shtel 43 o

Thickness of cortex (mm)

Bone minera density (g/cm?)

Proximal tibia of children
Distal tibia of children
Proximal humerus of adults

Chicken leg bone
Metatarsal bone of swine
Tarsal bone of swine

157 0.25—-0.29*
1.36 0.29-0.33"
144 0.56—1.36"
0.63—1.32
157 0.28
161 0.52
312 1.28

* BMD of lumbar spinein children aged 4-8

" BMD of calcaneous bonein children aged 5-8
T BMD of lumbar spinein Korean women

S BMD of lumbar spinein Korean men
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Fig. 1. Fluoroscope revealed whether inserted needles were
located correctly in the bone marrow cavity. (A) was
the EZ-10™ needle, which was correctly positioned.
(B) was the Jamshidi needle, which penetrated a
chicken bone as pediatric bone model
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Table 2. Performance characteristics and success rate in pediatric bone model among the intra osseous needle types

Peripheral Spinal BM Jamshidi EZ-IO™
Performance cath needle needle needle needle p-value
(n=54,%)  (n=54,%) (n=54,%) (n=54,%) (n=54,%)
Subjective success n, % 27(50.0) 18(33.3) 44 (81.5) 44 (81.5) 50(92.6) <0.001"
Confirmed success by Fluoroscope n, % 23 (42.6) 9(16.7) 31 (57.4) 34 (63.0) 43(79.6) <0.001"
Kappa agreement* 0.854 0.571 0.469 0.469 0.476
Procedure time at success (sec) 240*t116 320*+16.2 302*£224 221+123 189*6.4° 0.011°
Causes of procedural failure <0.001"
Broken or bending needle 23(42.6) 32(59.3) 0( 0.0 0( 0.0 0( 0.0)
Penetrating or fracture of bone 2( 37 1( 19 19(35.2) 14 (25.9) 2( 37
Malposition 3(56) 7(13.0) 2(37) 2(37) 6 (11.1)
Not punched, give up, etc. 3( 5.6) 5(9.3) 2(37 4( 7.4 3( 5.6)

* Kappa between subjective and confirmed successful procedures
T p-value <0.05, statistical analysis by Chi-square test, Fisher’ s exact test

 p-value <0.05, statistical analysis by Kruskal-Wallis test

$ p-value <0.005, multiple comparisons analysis with Mann-Whitney U test for pairwise comparisons after Bonferroni correc-

tion between BM needle and EZ-IO™ needle
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Table 3. Performance comparison analysis between pediatric and adult bone model among the intra osseous needle types

Pediatric bone model Adult bone model
10 needle types (by chicken bone, each 18 cases) (by swine bone, each 18 cases)
Success rate Procedure time Successrate Procedure time

Peripheral catheter 10 (55.6)" 2361123 4(22.2)° 46.71t41.3
Spinal needle 2(111 15.3+6.8 4(22.2) 38.7£13.2
BM needle 13(72.2)7 18.9+7.6* 6(33.3)" 41.1+21.4*
Jamshidi needle 13 (72.2) 17.8£7.7 8 (44.4) 32.61+24.2
EZ-IO™ needle 13 (72.2) 19.0-6.4 15 (83.3) 228+94

* p-vaue <0.05, statistical analysis by Mann-Whitney U test between pediatric and adult bone model

 p-value <0.05, statistical analysis by Chi-square test between pediatric and adult bone model
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Table 4. Reasons of procedural failure between pediatric and adult bone model among the intra-osseous needle types

Reasons of procedural failure Pediatri_c bone model Adult bpne model
(by chicken bone) (by swine bone)
Peripheral catheter
Broken or bending needle 7(39.9 11 (61.1)
Penetrating or fracture of bone 0( 0.0 0( 0.0
Malposition 0( 0.0 1(5.6)
Not punched, give up, etc. 1(5.6) 2(111)
Spina needle
Broken or bending needle 15(83.3) 9 (50.0)
Penetrating or fracture of bone 0( 0.0 0( 0.0
Malposition 0( 0.0 3(16.7)
Not punched, give up, etc 1(5.6) 2(11.1)
BM needle*
Broken or bending needle 1(5.6) 0( 0.0
Penetrating or fracture of bone 4(22.2) 2(11.1)
Malposition 0( 0.0 3(16.7)
Not punched, give up, etc. 1(5.6) 7(38.9)
Jamshidi needle*
Broken or bending needle 0( 0.0 2(11.1)
Penetrating or fracture of bone 4(22.2) 0( 0.0
Malposition 1(5.6) 5(27.8)
Not punched, give up, etc. 0( 0.0 3(16.7)
EZ-10™ needle
Broken or bending needle 0( 0.0 0( 0.0
Penetrating or fracture of bone 0( 0.0 1(5.6)
Malposition 5(27.8) 2(111)
Not punched, give up, etc. 0( 0.0 0( 0.0

* p-vaue <0.05, statistical analysis by Fisher’'s exact test
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