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Abstract

Object : We previously reported that patients with hereditary disorders of connective tissue
(HDCT) or post-traumatic condition (PTC) may present with lower brain stem symptoms attributable
to occipito-atlantoaxial (OAA) instability. We performed occipito-cervical fusion (OCF) using instru-
mentation for OAA instability. We examined the factors that influence the outcome and have reported
the preliminary results.

Materials and Methods : Osseous structures comprising the cranio-cervical junction were
investigated morphometrically using a reconstructed 3D and 2D computed tomography (CT). We
detected OAA joint instability in 445 patients with HDCT, PTC, degenerative diseases, cranio—cervi-
cal anomalies (CC anomaly), rheumatoid arthritis (RA), and tuberculosis. Surgical indication for OCF
was determined on the basis of cranio-cervical traction test. OCF was performed in 250 patients
using VERTEX MAX™ or Synapse™ reconstruction system, human fibula allografts, and INFUSE®
(rhBMP) . We used navigations systems such as the Orbic 3D (intraoperative C-arm based CT sys-
tem) and the Kolibri navigation system.

Results : Out of 250 patients, 200 patients (80%) showed improvement or resolution of signs
and symptoms ; condition of 40 patients (16%) remained unchanged and that of 10 patients (4%)
deteriorated. Complete fusion was confirmed in 212 of 250 surgical cases (85%) using reconstructed
2D-CT and dynamic plain cervical X-ray examination. The problems encountered included instru-
ment fracture, increasing instability at the next level after fixation, and incomplete fusion. The rates of
improvement of clinical symptoms and complete bony fusion were significantly lower than those with
HDCT, CC anomaly, and RA. The rate of development of novel lesions was significantly higher in
patients in which fusion was performed at the C3level.

Conclusions : OCF is effective for improving and stabilizing symptoms in patients with OAA
joint instability. The cranio-cervical traction test was an important pre-operative procedure for select-
ing the surgical procedure. Complementary materials for bony fusion should be used in HDCT and
RA patients. Although appropriate short segment fusion is necessary, several of our cases required
long fusion. Considering the advantages and disadvantages of OAA joint fusion, the surgical indica-
tion should be selected carefully.

(Received : December 28, 2011 ; accepted : May 23, 2012)

LA BRI NPATE ST AR L AR BE R AR/ R T570-0002 SFITTAEACHHT 6-17-33 (EARYE L vE)Il &)

Address reprint requests to . Misao Nishikawa, M. D., Department of Neurosurgery, Koudoukai Health System, Moriguchi-Ikuno

Memorial Hospital, 6-17-33 Satanakamachi, Moriguchi City, Osaka 570-0002, Japan

*2 Department of Neurosurgery, North Shore University Hospital, ** Department of Neurology, North Shore University Hospital

SR VOL. 26 NO.2 2012 £ 8 H

211



Key words

occipito-cervical fusion, occipito-atlantal dislocation, atlanto-axial dislocation, instrumentation, con-

nective tissue disease

ol

il

VA FAMERATE O fRH O R 22 MG &, MRI, CT 7%
EOMEHWHM OMEANT LD, THBFFHEHERATE I B
DA ERORBN - ERFMATT L 4572179,
ZOZEns, HERTIIILEI SN TE HEHMERLT
WO AL ENLD D LFEBNNL L HAOND LI
o727 W E#5 4, hereditary disorders of connective
tissue (HDCT) OER]R BEEE A AME D IEBI 255 % 12 UH
LHHEHEBATHOEMICALER L/ TL2 I L 2L
722 T, [EE D720 AR R & LT o instru-
ment 25FH%E, WR SN TE/. E5612, FiFEE LT
DFETr—2a VAT APRESINZ. IRHIZE o
THIE T, VHEFAHERATI O BE AL D B 5 I
BNZIREE ERE DB EI TN TETEBY, #NEho
il T BT BRG] E ST ETn» B,

FEH O, FEEFHERBITHOBEBICALEEEAT S
B, ARV 2R L T instrument & I\ 722 TE
MR FEEEIT-> C&E . AT, THEBHFMERBATH
DEEIIALEED B B REFNIAT L TEZ S DT> T &
7GRS & Z OWHIBE L ST 5.

| R

North Shore University Hospital (New York, USA) 1235
W, 2006 4F 4 H~2010 4 3 A ORI, SHZEIFFAMERAT
EOBAET IC ALY (tRil) %4 L7z HDCT, 25
B BRI YME RO EN, FHEBEEBITHRO T
MR, BETY v~ T, ¥ VIERRE, MW E O
445 BN, SEEFHERATI OB ICAREN (Rik) %
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FHE -t ZSE M gk (the distance between basion and
top of dens :BDI), #l& -ERMEM M &t (the distance
between basion and anterior arch of atlas : BAI) (Fig. 1
a~c), FtE-HiHEfA (angle from clivus to axis . CXA)
(Fig. 1 d~f) OENGL, FERLEF & FAlF DB O i) 72 U8
HF O L E T D% Table 1 12777,
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Fig.1 Cervical plain x-ray and reconstructed
2D-CT image during the invasive cranio-
cervical traction test

BDI (Basion-Dens interval) . the distance between

the basion and the top of the dens. BAI (Basion-

Atlant interval) : the distance between the basion and

line A. OC : occipital condyle. Line A represents the

posterior plain of the anterior arch of the atlas. Line B

represents the superior plane of the clivus. Line C rep-

resents the plane of the posterior surface of the dens.

a . 2D-CT reconstruction image of the cranio—cervi-
cal junction in the supine position showing BDI
4.8 mm and BAI 3.4 mm.

b : The cervical spine x-ray in the sitting position
demonstrated the reduction of BDI to 2.0 mm
and the widening of BAI to 7.0 mm.

c A cervical spine x-ray demonstrated that the
BDI increased to 5.5 mm and the BAI reduced to
3.1 mm by traction of the head.

d : 2D-CT reconstruction image of the cranio—cervical
junction in the supine position showing CXA 147°.

e . A cervical spine x-ray in the sitting position dem-
onstrated the reduction of CXA to 136°.

f © A cervical spine x-ray demonstrated that the
CXA increased to 151° by traction of the head.
These changes according to posture suggested that
this patient had cranial settling and posterior gliding

of the occipital condyle and atlant joint while sitting.

Supine Sitting
oC
BDI : 4.8mm 2

BAI : 3.4mm

: Line A BDI : 2.0mm

BAI © 7.0mm

Lir;i A

Supine

Table 1 Morphometric data before and after OCF (3t 12~14 X ) —#51/H)

CC traction test Follow—up time for

\EEd AR CRia & while the operation  complete bony fusion cases

BDI (mm)

supine 7.4 + 1.58 8.7 £ 1.70 8.5 = 1.82

sitting 7.2 = 1.59 39+ 181 T 8.2 + 1.84

while Op. N. A. 8.7 + 2.70 8.6 = 1.96
BAI (mm)

supine 1.8 = 1.21 2.0 £ 1.25 2.2 £ 1.30

sitting 2.1 + 1.88 51+ 122 % 2.3 + 1.38

while Op. N.A. 2.0 £1.21 2.0 £ 1.36
CXA (%)

supine 147.6 = 6.61 165.2 = 5.27 164.8 = 5.49

sitting 147.8 = 6.00 136.8 + 6.48 T 164.2 £+ 5.58

while Op. N. A. 164.5 + 5.52 164.0 + 5.52

OCF = occipito—cervical fusion, CC =cranio—cervical, CBF = complete bony fusion, BDI
basion—top of dens, BAI = basion—anterior arch of atlas, CXA = clivus—axial angle, N. A.

not applicable, under line . final fixation data while the operation.
T significant by low (p<0.01), ¥ significant by high (p<<0.01)
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PHEESEME 2 B2 T A SIC1E, FHESHED R 24TV,
DHEE FEMERE D FABRIC BV Tig S - BESEFEME O AL Y
e BBERICTHE L /2AE CHEEN %2 EE Lz (Fig. 2
a). T B TR TEFESS % B L 72 @ BDI,
BAI & CXA % Table 1 (27879, Chiari # /R0 lieit - -
NEFEREAN O BT JASA S N7 EBNZ 1L, BRAEME = LR,
RALEB IR 2800 L 7.

IEHREI S, FRTENE, BRMERERIES, [Eed 2 HEipH
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Fig.2 Morphometric evaluation and occipito-cervical fusion

(OCF) images during surgery

:An image showing the morphometric measurements of the

cranio—vertebral junction.

. The image demonstrated that the occipito-C4 instrumentation

and fibula bone graft was fixed to the occipital bone by a screw
and rods and to the C2laminae by titanium wires. Pedicle screws
were inserted for C2 and lateral mass screws were inserted for
C3 and C4. Subsequently, the bone tip was positioned to sur-
round the bone graft and in each joint cavity with rh-BMP.

72. TNBHAZ ) 2 — D3 AlZ, Kolibri Navigation Sys-
& Orbic 3D
(intraoperative C-arm CT system) (Siemens Inc., Erlan-
gen, Germany) % #E) S/ F €S~ 3 Y FIlfTo 7.
RIHBEEE A7) a—%uy FCHEREL, #ifL7z.
2008 4 4 AL EEOFIZ I3 REEMICEER 7L — L %
v 72, Instrumentation system (X, VERTEX™ MAX
(Medtronic Sofamor Danek Inc., Memphis, TN, USA) & %
& Synapse® (Synthes Inc., West Chester, PA, USA) @
A7) 2 — ORGSR % 8 o THERE T A L 72,
WSRO EOBMTHESAR A 7 1) 2 — O ADA
WREZR B, WiAEIC L pars A7 ) 22— B W ITHES A
7 a—& L7, & MES (Human Allograft of Fibula,
Musculoskeletal Transplant Foundation (MTF™)) (Allo-
gard®, Osteotech, Inc., Edison, NJ, USA) (AF TII Rk
) EBEFMAHEE R L 2. S oOBRKE 2 REE
EHZZ2 7Y 2—C, BiElcT 4 ¥ —CHE L7 (Fig.
2b). By REBAZ ) 2 —%fkET 28, BEoLE
PUFEERDLIENHDLIEEEELT, Ty FOEM
a4 77 —2R30OHIEDTEL L) IV LEDIIHE
LTH L. LU - B - MR & Ee 3 2 #iPHOR
iz B L, BEEIN & BB, YL 58
L7zl a & h (Allogard®) % 143|227z, HDCT
JEBI 7 & T, Bl s THIES SHERE O —1SD % FH
5 HEBIZ 13 INFUSE®  (rhBMP-2) (Medtronic Sofamor
Danek Inc., Memphis, TN, USA) (ARFTIIRAKZE) % [#
ET S B HNE L /2.

itz 3~6 7 A DRI, HLRICTHFRER - M1
BT WL D EFAM 72 & OV B REFEMEHLAE X MR, CT KT FfE
% (Fig.3a~c), MRI 12X > T, A7 2—0DfL
&, A, RUEHEEHEOEY, MhETEEOF L %R

tem (Brainlab Inc., Munich, Germany)
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Fig. 3 Cervical X-ray and reconstructed 2D-CT scan images after 6 months

a, ¢ . A bilatetal para-sagittal reconstructed 2D-CT demonstrated development and progression of a
bony fusion between the occipital bone and the cervical spine with the fibula bone graft.

b . A cervical spine x-ray showing good alignment and position of the screws.

L7z, Dk, 6 71 H 2 & ICHRER: - Mmoo
M, BRADERT A T CEIREMENAE X K, CT &
IRBIFE R 2 R L, S 512 14T 812 MRI ity
7o T b, CT KRB A (% CTRlE L 72T
DF OFKEAFER T &, HBEHHERITH OF OAER
FRICEIT 2 BHIMEASITHT, MihOMEE 2 b & &)
REFEMEM AL X S CHIE L2 ICE S A bk <
Lol KEE L > THRAEDERE L7, itk 6 7 Hi%
BBV TR, HEHEHEET IR EITo 72, BiES
MER L TWb & HER T & /2% BDI, BAI &
CXA Ofii% Table 1 \Z737 . AL, H#ERE LT
IEDBERT BT B HEER - ARSI R % KR B
ZIOBORET L7z, AR, #ifk, SHERIAMERED IRBRIC BT
B MREAEIR - MRS R O BRI - FRIUZ, FEFEZEE O
HRENRHE I X » TiTh 7z, BRFEROE, A2,
AL L MEEIR AR b T o T, AL, EALHEE
fli &7z,
(5] #rEHQLEE

MFRSEIROCER, Bl AR, EE P & AL e
28 - RN AR O MBI, AOHER AL, KHEMT
X 2W5E, paired t-test THIE 4T\, p<0.05 TH EHED)T
HHL L.
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1] RBONREXRBRIOEEZEEH

HDCT : 97 f5l, 25 E © 78 fAll, BHEHHIMER O
Lk 37 4, SHERFEMERATE S A RS ¢ 24 B (B
FTICHAE ¢ 15 B, BRUHBIERIEK 8 B, #UHE BRHER

&6 fl, RPuEZE 56, shzekd 36, BT Y
< F 1B, Y CERERE 1B, MR D2 Blo
71 250 112, instrument % F\> 7= £ UH B ZAME [ 2 A7 2
fTo72. 2095 118 Bl Chiari e ZE-> T/, F
R DA 19~65 ik (F¥) 25.7 %), F% 112 4,
M 138 BITH o 72, flitei g Himi%, 18~70 7 A
T 255 HHTH o7z, FEHHPAIL, FHUES -k
Ex 70 B, UG- 3 FEHEEE % 71 B, PRUEE -
5 4 FEMEREE % 70 B11C, FRUHE -4 5 FAMEREE % 35 B
I, TRUVHE -5 6 FEMEREIE % 4 BlICAT o 72,

PEBER OB EHP 2 A TA D E, HDCT TIE, %G -
853, 4, 5 FEMEFEE %R LBlOBEHE <, BWERED
HECld, RET-F 2, 3 FMEREIEZIT - 2B OEEN R
Dotz AMEROBITIZRIEE -5 4 FHEEE % L7261
DEEHE L, FEMERORETIE, HRUEE - E
L BRIEE - 3 HHEEIE R AT - 2B OB G R D B o
7z (Table 2).

2] MERER

LR T OMFEAEIR D 22101 200 61 (80% ) T L, 40
Bl (16%) TAZ, 10 61 (4%) THELL7: (Table 3).
PERNMFIEIRDOEGER + A THh B &, HDCT, £k
B, IMBROBIOUERIL 80~85% TH - 72D Ik}
L, #IMERER T 75%, B 7~ F OIEFIRETIE
55% T 0, I DREMIHEE L THEIZKD? - 72
(Table 3).

FFEER A OUERE L, A3 64 B (45%), MEHRMEE
MM SR 25 5] (81%), #HHIE 76 B (79%), TH
IR E 91 B (77%), J<iRi 69 151 (82%), DURLD
R IE 135 1 (86%), VUK - (RO M FEEEL 135
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Table 2 Diseases and the range of fusion

Variable Total (No.)

The range of fusion

0-C2 (70) 0-C3 (71) 0-C4 (69) 0-C5 (35) 0-Cé6 (4)
HDCT (97) 14 (14%) 25 (26%) 24 (24%) 31 (32%) 3 (3%)
DD (78) 34 (44%) 24 (31%) 17 (22%) 3 (4%) 0
Post-TRC (37) 11 (30%) 1 (3%) 25 (68%) 0 0
CCBA (24) 8 (33%) 16 (67%) 0 0 0
RA (11) 1 (9%) 4 (36%) 4 (36%) 1 (9%) 1 (9%)
Down’s syndrome (1) 1 (100%) 0 0 0 0
Post-TB (2) 1 (50%) 1 (50%) 0 0 0

0O-C = occipito—cervical fusion, HDCT = hereditary disorders of connective tissue, DD = degenerative
disease, TRC = traumatic condition, CCBA = cranio—cervical bony anomalies, RA = rheumatoid arthri-

tis, TB = tuberculosis

Table 3 Overall results : clinical symptoms-1

Improved Unchanged Deteriorated
Variable Total (No.) 200 (80%) 40 (16%) 10 (4%)
HDCT (97) 78 (80%) 14 (14%) 5 (6%)
Degenerative disease (78) 66 (85%) 9 (12%) 3 (4%)
Post—traumatic condition (37) 30 (83%) 6 (16%) 1 (3%)
CC bony abnormalities (24) 18 (75%)* 6 (25%) 0
Rheumatoid arthritis (11) 6 (55%)* 4 (36%) 1 (9%)
Down’s syndrome (1) 1 (100%) 0 0
Post-TB (2) 0 2 (100%) 0

HDCT = hereditary disorders of connective tissue, CC = cranio—cervical,

TB = tuberculosis
*significant by low (p<0.05)

Table 4 Overall results : clinical symptoms-2

Variable Total (No.) Improved Unchanged  Deteriorated
Headache or neck pain (143) 64 (45%)* 62 (43%) 17 (12%)
Sleep apnea (31) 25 (81%) 6 (19%) 0
Diplopia (96) 76 (79%) 17 (18%) 3 (3%)
Downward nystagmus (118) 91 (77%) 19 (16%) 8 (7%)
Ataxia (limb and trancal) (84) 69 (82%) 12 (14%) 3 (4%)
Motor weakness of extremities (157) 135 (86%) 20 (13%) 2 (1%)
Sensory disturbance of extremities (162) 135 (81%) 15 (9%) 16 (10%)
Orthostatic hypotension (75) 55 (73%) 18 (24%) 2 (3%)
POTS (27) 20 (74%) 7 (36%) 0

POTS = postual orthostatic tachycardia syndrome

*significant by low (p<<0.05)

Bl (81%), HELMEARIME X 55 61 (73%), w22 MRk
13 20 6 (74%) T3 LT\ 72 (Table 4). SEJF - 3630
B OLERD, IPOIERICHERTHEICKY, - 72
(Table 4).
3] BEAICEALT

FRATEET, 212 61 (85%) OB THER I N7z
(Table 5). HDCT #: COBFHE AL 79%, HE ) 7~ F
DIEGIBE DB AT 73% TH Y, 10 DREHIRE & X
THEIEA > 72 (Table 5). FomEZEdIZ, 41 6ITiX
SEEGBRAICEES TRV, 2055 206 (8%)

216

TIEAZ ) 2 — Oz, BHOARRDPA LD, Wikt
HATRIEA SN W ORBEE L Tn b,
BEDOFEZ 21 61 (8%) 1247-72. WERIZL, instru-
ment DIFIRIC L > THEZIT-728%1, A7) 2—D
iR 5 VIR A L - THEZ{T- 72 8 I, At
DEGADI2DICRMICEE T LR L72FI25 5 Th -
72, [FEEOFREAAT o 72601d HDCT, BfiV 7~ F DfE
BIEEDSIZ D ORISR THEIZE 2> 72 (Table 6).
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Table 5 Overall results : bony fusion

Complete Observation Revision

Variables Total (No.) 212 (85%) 18 (7%) 20 (8%)
HDCT (97) 77 (79%)* 5 (5%) 15 (15%)**
Degenerative disease (78) 69 (88%) 6 (8%) 3 (4%)
Post-traumatic condition (37) 34 (92%) 3 (9%) 0

CC bony abnormalities (24) 21 (88%) 3 (8%) 0
Rheumatoid arthritis (11) 73%)* 1 (9%) 2 (18%)**
Down’s syndrome (1) 100%) 0 0

Post-TB (2) 2 (100%) 0 0

HDCT = hereditary disorders of connective tissue, CC = cranio—cervical, TB =

tuberculosis

*significant by low (p<0.05), **significant by high (p<0.05)

Table 6 Development of novel lesion

Novel lesion

Total 27 (11%)
HDCT 15 (14%)*
Degenerative disease 6 (8%)
Post-traumatic condition 4 (9%)
CC bony abnormalities 0
Rheumatoid arthritis 2 (20%)*
Down’s syndrome 0
Post-TB 0

HDCT = hereditary disorders of connec-
tive tissue, CC = cranio—cervical, TB =
tuberculosis

*significant by high (p<0.05)

4] BEIEHHAEAFARENRE - @REAREDH
B, S6HE

AR I 27 81 (11%) ICH - B ARLE
PEIRZE - MR EIRZE D U7z, SRS AR ENEIRZ -
MFREEIR AL, RG-S4, 5, 6 FHMEE CHEEL
FEBIRED S 5 20 B (14%) SRS TBY, HREG-H
2, 3ZEMET CHEI%E L7EBIBETIZ 76 (5%) [ckE 7.
B e AR RS - MR AL, R -4 4, 5,
6 FEMEE CHIE LR CHAEICEL CHEIIL
(Table 7).

GORE, BB 0B (0%), BIEBEG:, ©F\w,
BETER 72 & O — @O ABHEE 25 B (10%), THARIC
FRAT L 72 & PFE (&, E 72 FEERE & ZAER B I BR A 3
B, HMEFBIIRFESE\C X B/ - MRSl AZE2)S 1 10> 4 )
(1.6%) THhorz. AOHEHIHFIE, AR, EEH
SICEEZIIRO SN h o 7.

[ZE®I] (Fig.4)

45 IBOLWET, BATRE, BAL - RIS EFICLD
NHIED D EDOEFRTHREE Lz, FHEHMZED BRI
Ko THARLRFICHEZEFME R 59 % &, MfER - #ifE
FHIPT AL L 7o, FEMEHA X #B L O° CT RAKIT

Table 7 Adjacent lesion and revision

Novel lesion
Occipito-C2, 3 fusion 7 (5%)
Occipito-C4, 5, 6 fusion 20 (14%)*
*significant by high (p<0.01)

Fusion range

%12 B8\ T, JEAIIEIC cranial settling & occipital
condyle O posterior gliding A%% 5 117z, BHZEFAMEZES |2
L0, INHHIBHEINL, 510, FHERIBREICBW
TH 3/4 FMERNC D REEMEN A DN /2012, %
F-5 4 HHEE COBRFRIETIT- 72,

HhHE L IIHES AR A 7 ) 2 —RIFATHZ LA TE .
TEEBVE 4TI TEEE L. MEZE D, JHAL
2B B MFREIR O BEALIZ I I L 7=,

AT MRI &4 6 4 4D MRI & e _XTHAAB &, i
AiD MRI T, Bzl BT I G IR EDR A S L TH
0, EAAZ XD /NNEEO FHEIZHEmL TWwh. I
I2& 2T, BEEER - EAFEEEANOEE IR L T
(Fig. 4 a, b). ik, BZEHEE T D mass lesion (E i/
L, MMEeEs - EALFER~NOEEIZHE L L T\ % (Fig. 4

c).

| EE

HE FEMER AT O B O & ERI IR & OBIfR
TH 5N, Table 1 1278 F & 912, APENZ I A~ CREAL LC
% % L, BDI, BAI % 3~4 mm, CXA 1 30 FEDZAL2 D
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BDI* 7.7mm
a b

BDI': 3.0mm

up-right

Fig.4 Pre-operative MRI (Supine and up-right) and post-operative MRI

BDI (Basion-Dental interval) : the distance between the basion and the top of the dens.

a . Pre-operative MRI in the supine position showed the retro—odontoid thickness of the
soft tissue (arrow heads) and the tight cisterna magna. The BDI was 7.7 mm.

b : Pre-operative MRI in the sitting position demonstrating the reduction of the BDI to 3.0
mm and an increase in tonsillar herniation (arrow).

¢ . Post-operative MRI in the sitting position demonstrating the large cisterna magna, a lack
of compression of the brain stem, the tonsil went upissue (arrow heads).

b, DX BREANZ L o TSR - EALFEFO L8
WL20, HEEEROMITICELE X729 72D ITHERD
HHT 20 LHETE L. & 512 Chiari HIED L 9 12
KILEBDEIE 2B T, DL izt Td, i
HEER - EALFEMAN ORI R E L, B e EE RS
BHysb0r#Ez61% (Fig. 4).
EEBOFEBICE L TTH A, EZELD7 ) =y
7 DMFEPREDS, HDCT I2&0F L 22 iR B % % <
o TV BDT, SRHIOHETIL, HDCT BIH% < % -
T\w5 (Table 2). &ROMFEIRICE L TIE, HEHS
DFT - T X 72 instrument %\ 722 JH B FEAMERR 7 [ €
MTIE, 80% CHIFIEIRDUED A SN, 16% THIFE
ROEALDME I L7z (Table 3). #fEIRGI O T
1, BEE - FEEMN & BT, MEEAEIRIE 73~86% TUE
L CT\:7z (Table 4) . S - FALBIE OCGEE L AN I D> OHkE
JEIRDUGERE L IR THEIE o 72l E LT, ¥
TIZHELE L L Twb X912, HDCT o Tl Ha
W ONEg T2 SRR E X723 2 A%<, 22 TR
L 72 BE - SEEBN I IR TR R I L 5 b O e £
NTWboEHEELEY. LaL, SRk CE
WFEBEREDOREF Z WS PICT A EIETE R o 7.
SR THBAHIL 8% L BIFCTH o7 (Table5). i
5D Z kA5 instrument & H V72 B HH G SEMER 21,
SHBRFEMERAT I DAL EMEIRZ I LT, RhR0 244
HGHEETH 5 L b7z, TREOEERKIE, oh
FTOHE EFABETH > 721572,

HBUEE -4 4, 5, 6 HMF CHEIELZBAICIE, B
TR NGBS - MR IR, R Eh I R A5 =S
Z CHBLIL Tz 2 Lh s, RIEGHEREE E %179 A,
TE&)LMYE 3T TOREICE EOEIRETH
Hr#EZLNTz, BB, BRHEEHER O A4 EN:
HIA BB G (X BEMEEHE I [ 2 %, FRUEEBRMERTIC D
ANEEWED A SN D GE I BRE TR E T AR L%
ZTBY, @EOBTIE, BRIEGMHEREE TS LLE
MR HDEEZTWL, L2LEDYS, 4HO
W T, BE# PN E D OE X ) IEENIC S B D5,
i, FESHHDCT % L D8, B0k A ek 2
YO H LPEEEL R TBY, 25 ORI TIE,
ILHPHICE R S 2B ho20THA2 W, 2o
S, I BAREMEIRE - AR, FHESE
BIRASHBL L 72 01%, RUEE-% 4, 5, 6 FHMET CTH
EL72720%Oh, FERBOE, Wik A Miko sy
D720 DOPEIRE Ly, WEFRIZLTY, TED
LR 3HEMET TOREICE EDLRETHLN, X
GEETHEHEHMAZ BAICEET S 2155 0WHRH
B, ZOL)BBITIE, e AN EIRE - A
%, FELSEBHIROLBEENIEFEICE 25720, Bk
BERMHEBERBIE LML) T o2 BENOHHA Y BT
B, FTo, B, WA AR IO & L ERETIE,
MR L NV ETORED ML E %5 2 LD D 5.

FATEID, BETEE G, W) % E g #HPH & B E
BEXPETAIENEETHLILITV) EFTL R,
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FH O, EEHMAET L > THEROUEOME, R
LEMD D HHEM O E, EZFAMERATEOF DZEM D
ERERFHI 21T o TBL ZLIZEDLOTEETHL L%
ZTW5, FHEFHMEET RBROBEZE R TIZLLTO 4 5T
H5bH. 1) AEEWODLEFHZFRETHI L, 2O
ko THEEHPANRESND. 2) FINZL > TR
LEVEDIGARETH 5589 2, MESEIR - Mk
IR ET B0 89 H, 2 OFERER - f AT R,
DUFEIHIUEL D20 ERED L2 L, 3) [H
N L o TP e, me FREd, FEEEE)HIRZ o H
FAEGFICAEEPHBE L 20wl ) 2 aifroTtB 2
4) RNEEEVED AL & 7B AR RE IR AT L
BERICHEAETICAESPE v ) R REHE - B
He - EHEOMBERZ TRICB W CERNICHERT A 2

ETHAD.

HDCT ®#EfH], ¥ T3 Ehlers-Danlos fEfERE, FARG Y
7 FOIEGITIE, FEICHESEROUHER & FRAE
MR, B AR ENE - MR ERAEO BB L instru-
ment DFERNSE o722 L5, TS OERITIER
i BT H L b0 EBbN. FE S, 2008
i 4 ALK HDCT O, i TRfE% DRERI T,
o Logihis - BFHELNE LT, TOMEEEETE
fliLTwa. FELHIEZ, INOSOKRAET—2SD % Tl
FEGIICIE, FEMOBEICITEEICHETNEZLEZT
Wh, 20X BHEIT, FEDEILEE RS NTHERNIC
&, IR X ) IR EE B R L 2 ud e
BV ENHDLI LR THICHWLE) 2 TRl %
fT>Twh. —18D % Flal A ERI I rhBMP-2 (ARFT
ERAR) #HVAEZ LI L T&72. thBMP-2 % H\W 7z
Bl HHE - BEEHN—-1SD 2 TR BB TH D,
thBMP-2 # H\ 22 20 o 7B ifim - BREALS—1SD~ +
1SD Oofl & OB, thBMP-2 O#hFEZ5H L5 Z L I1ET
& h o 72, I TIE, osteoporosis [ZX) 3 A AR
TSN TBY, 0L BERICE, ZhsodH e
DS EET A2 LErH 5 L b,

AR OMETIE, A OFEEHNDFE L HEK
f%, Chiari ZHEDOAMEIC X 2IERDE W L iGHEBRE, K
BEEE ERE & ORfR, YR L IHERE S OBKREY R
T ENTE L7, 72, thBMP-2 OERMEICE L
TOMHTELR o7, ROBMETIZ, ThH5DHEHEIC
ML COBEHERZERE Lz, 72, BOREEODH
B REBNH T 2 il DA b & TR L7z,

| EED

EH O DT o T E T TR TS HMERE M O G HEBRE % 3
HL, TRICEETLIHNTEEEL.

Instrument % H\ 725G FEMERL A2 1L, FREAEIR
DYFE - BELIEIHEDI SV, FHEEDRITTH -
7o, BHEMEMEED B2 4T o C, FEEHM, T %
ME IR T 2088 H 5.

EE#IPIL, TEAZTRARICT S LI ICTRET
HBHH, FEBNC & o TE FALEEME $ CTHEE L 72ERI 2
& -7z, HDCT OFEGI, B 7~ F 7% E0g, W=
AR IEIIED D 56Tk, T Tl rhBMP-2 O
i, & osteoporosis |Zx$ BHH OG- %479 2 &
bEETLULEDND .

L1k, SHIZING DEFOFmAIRE, #rize RNy
EVE - WRE R ZE OB OF L HZ L T LB
H5.
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