@ Freiberg T A b

ML CRe RIS TR, PUIET B LIREAHR S
ha.
& FAIR B&fiL

BEICERUE I LB E L S8, REE
2B (flexion), W& (adduction), PIHE (internal
roation) DEEVZ & HE5 LIBAVBEENLF
BEoZeThb (B8).

F. SRz RO 5%E

1, Hoover ¥ X k

FRPCOMOLHEEERICL 2 BEMTERES
LEEMEROZOL, THRERELFTE2VEE
HGS, MBI T TRBEE A 18R 21812,
BEOFEZBEDEIIETTEL. KR TTHM

RA LS

BEERTIHE1, FELAOREOTRIEE
WLTITE) LT B NEMUAY, BRTEITL
HCBEE, MLTTEHERLA

2. Flip Big

FERTSLR 7 X MEEEZEIBEICHCAE. B
ErEEOWICESY, REE, BB 0 B
HIfZ2» 6, BEPTHRZEL LT REE MRS 2
B, BECRHEHTHMESES. THITSLR 7 A
hERETH B O TERLII TS 2 KL 5 8%
1, ZOFRKTOLERE, BHE, THRIEE»HR
AN, BrzMETEY, EEICTHRE2ED LITA L
EESBFCENL D, ThEBFIH E LTERR
AIZEL SLRTA MIBETH-TH, Z0F
BTERREZMETE 258150 EmE
FoEEbns (F9).

Gk HRAE)

SCRR

. Newton DRL. Discussion on the clinical radiological aspects of sacroiliac disease. Proc Roy Soc Med 1957 ; 50 : 850-3.

. WHME—- R mE BEEER, 2003, p.144-5, p.158-70.

W B R RBESE. B FRE WO B EHIEHR; 1982 p2l.

1

3. MEBXRII,ES. IR - (M. HEBRERSREE. R AUV a—it; 1982
4

5

. BE N REEEIROE. BEERAR. SR B EFERK 2005 p.771-3.

_78_

59



{t{i‘E_ ossification of

the posterior longitudinal ligament in
cervical spine

/Ufgrlh\

) @S iRRE

s BHEMEORE ZERFT 2 BEE 0 B{bic
$oT, EHELIIHREROFEEE S & 7>
THEETH 3,

¢ 1960 12 B A28, zxf“c/)ﬁﬁ;amfa%%vc
Pk, BHEREEETAEBRELTEESR
N, 1975 0 6 B4 HEL #Em#“ BWI%ED
HREZSTWD,

*HRETETH 2,

SRR TOEERS S, BRICEY
PREEERNS W L7 OPLL mE2sEs
THIWUEO—BEETOEEIT 1.9~
3% Th 2.
ﬂ%ﬁm%ﬁb,ﬁﬁ%?@%Z%%ﬁK%
A

AR EORa Y k5T, mEE, S

B oBen, rommismsns,

) BRER sy

U EPICImE L s, A

SR Cate RE L BB LTS

hes = TEhhz,

ﬂfﬁmﬁ%r EEOLUNR, Ea
%imw%&Tﬁwbun@,Fa &1

T ETRORRsRY, momso

&;’igi@w 3. ﬂv‘ﬁrb g

Bz EhE %Eb HER T

_’79._

1 FEHERES R LEOEEEN X BAESR
E2HEILOCECEBEIL T TESEOEEEL (&
EM %285,

5.

2 BFRERIE, EF 5 DEMTIEH40% 1csm
57, BILEHEIC & 2B EREEN 60%
#BZ BIERITIXIE & A ¥ OSSR
BEENTWDS,

S YIRS 2 WS TSRS BERR
ﬂ%%h&ﬁ?%ﬁﬁuﬁm/f%é

= FEESZERELTHE BEL T
L\?l\.\#'a:fiﬁ( EEBENOTFRIIBETLID
TEETHS.

FEFEEHNESEFEELTHY, &
#330% 1z
B s

ERBED
BiIAZBEIROLND O THEIE
L (EL.

3) BELREELMR
uﬁ@Xﬁ@h£0ME%%:%<®%%%
FRAEEMHERE B CLoTEoE
7 %mf%%@,%% OBEEDOHED
@%&FAa,EﬁWE%FEE#ﬁ%T
5.

eCT ! FREKEHBECB Y 2 BLDEH
DZEZTES (K2), BB TREXTCT
W& BB EDESD bIBETE S,

#MR: B BB OBRN L CBETSE,

Bl L 2FHOFEOREYHZDICER

[15] FESRES 747



2 ZERERETEB{LED CT
MRS T & BREEPIC SR U7 R B (RED

ZRHD. :

ThH5.

4) B#ORA b

s BRI & 3 BOIE L BRERIT L > TR
ahad, BAERREEEEEROZI LD
HDOT, BLOBRE CHERROEEOHR
EERAPEERES LT T 2LEND
5.

5) $BRIBEORA > b

o AETIE, BERPETHOEA, ETROLY
n, B, EEREZENASNLDD, H
MeESLREE, BEEL, LRORIEER
BED FOEBEEBPEHERERRLE L
OERMNULETH L, HTLV-1 associated
myelopathy (HAM) & 0#E Rz ix HTLV -
1RO EERF v 7T 5.

BEATRBRZET DD

1) BERE

@ AEIRLT L S TRTCOEFNEHEEREE
TEhLI TR, %L OEFATIIRINED
FEOLUNEOALTHE, OIS LER
oW TREERBRENE—FBIRTHS.

o HBRERIC OV TR, RENERETCOURE
PHFTE 3,

s KREBHEBLBHICHLrbET, FH
ERD B SN2 EFICN LT, SHMERERE
r L TEERERHRENERT2E8DHD

748 BB

TR BT 2ER LD 20—l
e,

T TREREREZRE L ERIT DL Tz
EHGECERT 5 HEROBER A 5 h 3
BEMNH DD TFMIEEZERET RETSH

A
i~

2) BEE

_80_

| RERE |

S AEI B W T BRERIMME R L Lt
HIET 288505 50T, HEEBIBY2
BEEDOIMEPABREBOHILICIIEET 20
Z=pih 3, BROERMEH VIR E BT
T2 L 3IEET L, ERIERD PEEDL
U OB FBCGEREBEERITLT, 2
HIRRREE D A EITD.

& FEEARREIRIC T U C I3 SRR S | R AR
YR - OFFRTERL T 52, BER
L OOV T BEROSESEEAEART

>

.
EEA
& SAEIILE TESRREANET L, BT
FHROBGEEHEEOZ L b0, THEOY
Loz b0, BEENETT 500
i B E D, =
o EHOBHREHOE I L pEER DR
EFHThh 5. §
o SRS ERNTHERC & s AREEERLE |
BHb 5 ORESEIRE, ESBRMO=IF,
KR 2D, BETRESHRFSERTD,
5,
3) SRECTE
o BN TS B (L BB D 60% 1 HIRES
r U o EEEE R LE AT 5 LT
T, Ao HEREEE e
2o EaTEELosHoERERN T
QT EDEETHS. - -
o ap o L BRI
5:&ﬁ@%@f&%%&%ﬁﬁ%é%§
55, LT :
o EEERITH L (S 2o BEOTE

g S J‘bf
BErRBEFTHD, §PRERE




ErESTWEY, FWERNSERLTHF
HEEEERITL 2> > REEOTFHRIITE
<H Y, KEIBEED 2 I NERER T
EEFREBREINTWL S,
g T ATAAMNBEABREZL
AR BV T, EEER OB R 2R L L
THETAHEELBLIDT, B%EFL%H
2ESDIMEPTREBOBIECREET
Mx%i)%’é@.

BrBERL ETCEEES Yy -V
k’a?ﬁif‘@f_ EREEY T &, FHER
FERTHEEND DD TEMOIERTICIT

ST 5.

(Fax#ED)

ﬁﬁéiﬂ%EﬁZﬂ:ﬁ calcification j

of ligamentum flavum in cervical spine

BEATERS

1) S e isaE

sfREPEROBREHEOREESEIE, X<
HonTwasEHETRECHEDE(LI:
NTHY, HEFEOFHRKII & 3 HEEe
FROEEIC X » TRERSHET 3.

SEEDRA WIS X BB OBITEE, B
ANV, BEREOBERE, WOWEY
BEBBFENTWEBSFETSH S,

SRIE 1976 1 BT & - TEFICEHE
M RIETRT TS OBES R SN T
b%. Ll AETCOBRERSHDTH R

3

CRAHEREE L 5 D, GRESRIZERR

;‘55“ BREERC 2 > THRENIEEL T
35,

Emm$®Wei BWROWE TR

| ORISR s LT, BaE
G SR WA LIRE 2 ¥ OZE R
Eb)tbb3 )

E
ﬂ;%@g i3, hydroxyapatite, calcium

1 BHEEeIFARKEDCT
HSAE» b EFERN\BET 2E5BE8FORKL
(RED) 2T 5.

pyrophosphate, UV YEED V7 A ED3ER
HENTW3E,

o QKR ETMLITFTABEENL {, E5-6
i, £4-55H, E6-THHEOBIE W,
o RESOmU LoEkEE casn, B

iz 15 EEANZEICE W»,
2) ERERAEIR - M2V
sPIFEERE, EROLUNWEZ EOMERE

Fe

P3G,
o BERERIETE, EEOREEYE, ENR

B CEMEEERE LT w5,

A OBRT, BERPASUNEE &0
BBRBEINTWEDT, TOEE+oER
K

3) LELRE

w Bl X MBS I UWERY  THEAEEMN
EET, HEHBFHFD D WITHESEHI/NER
HEVWERKREROEKICEREWLERTE 2

2, §b LVLEEIEHNBEESERTH

-
@D .

=CT . ESEM»HES 2 IEHBOE
FEENICRET 2RKEESERTED (F
1.

MR I BRI L 2EHBOEEORERA2
DWERTHA.

4) BMORA > b

s ERREROATIIFENZ LD, TH

[15]) SHEERER 749

_81_



ENEE L 0N XEETH 3.
SEEBH I X ERMRASNETH 3.

5) $ERIESHT

s FHPEHDOES, ETFEOLTR, B,
EEREZ SR &Y, BEECTRES,
EBREER, EROKIEEHRAZ EDE/FE
ERXEHENRE R L DEJBLETH
%,

BlAdREZT DD

1) BERE
Xig EARKMEBASNT D, BEERDH
BARFER D & 5 N3 W& I EENEE 21T
9.

S HHERCHERERDOA 6N S b DRES
VIR > TRIKEE2BH LRER2TT
.

[ = |
e HEABK BT 2B OHMECLTBEADES
TLEEL, EEER EOR/ERIZDOWT
12, BHMOERMEHHIFE2EE LIRAEE
PEREEFEFATE, EXARAT 52—
PRSI Lo TREMESHEN U T 28BE
bH5,

[ F |

SV L 2 REFR(EEOBHMTON T &
7o, BRTI, HESR2EELARKLE
BHFORBOAETIHEREMbRE S
NTw3, FHEERELTEFTH S,

2) EHE L T

& SHHE & FRERELSN O TORKLL
LELiEaens, BoEREEEARCS
<, H2E8%S, BUBES, B, HEEb
Hond, BitEEELESHEGEEEE
EDOEHLPEMTRIPIBHFES ATV S,
FMEBEIEFTH Y FRIZRIFTH 225,
BREOTCERMBLBREST 2 EA D 3,

3) A AT AHINEZBREZE

SRFEE BV TREBRERMERZE L LT
HIRT28E5LHB0DT, HELFECBIT2

750 [VEEE

BHONEPTREDOHILI 3 EE T 2,
ENb 3.

SRFCEERL ETEMESR T v -y
EEREORERBBY T &, Sy
FEET 3505 3 DTEROEF T s
5 LR T 5.

(k=)

SHAE SY BT~ U F corvical spom.

dyiolysis with spondyilolisthesis

B EATIRED

1) S o REE

2 INRERTH ), BROESEZORRE
B RO BEDEINC T3, EHSEES
B TH 5N 3 pars interarticularis 1248
3% T HEEEE O O articular “pillar”
DRI|E L TEEEINT S,

S FEENIIX, INETORETIHE 6B
ZAZH ‘
oME L LTIRBEIZS L, o
8 ZDEREDOER L /MEEEMET Y %’%’%ﬁ
EXFIT BRI EREETHD.
2) BREREEIR - 2o |

e ERD 2 t%%%ﬁ,ﬁ%ﬁ%&ﬁ%?ﬂ
HBENBHBENS ., BOEHTLEOA
HEELSETILb55, FNTRHL
FEHERTE L7 LOBEL DD,
3) BERE

o B4 X e X CIRERE  FEHEVE
ﬁ@@‘me”%?@ﬁ%(ﬂD,:ﬁ%
W (22), HEESOS2ERER, ETH
#ize @@@ﬁ&,%%%@ﬁﬁﬂ@%@ﬁ
EFR R L OF RN A5G, HEBEE
hﬁ«fLﬁﬁ%&ﬁ%Oﬁgmbfwé

sCT : DBEOBWCERTH S
MR : 43EES < DETTADEHED
PeAziRAE %ﬁ%fa%ArizEfﬁé

_82_



5) BWROARA > b

SEREROS TR, FEH0R b O3k (FEE
sk CTHERTH 3.

5) ERIRSHT
SHMEMEDOEIRTT D, H2VLEEBROR
B ¥ ORREET L OBFINBEETH 2.

BENEBREZT DD

1) RESE

s EARIC I, REBERTOIRREECEE
IEA DB BB E WIS AR 21T
3.
*%ﬁ@@ﬁ%ﬁkffhﬁ%?*’FAb
20T, HELEFBKST 2EROIMECTE
éﬁmﬁﬁkﬁﬁ*é.

sEWER FOBFHERIE DWW TIZEEEER
el LT%T@?% 2ED, BEEECHER
HEREPHAT
SHBHRDEE & Lz LW I IEND 05—
BRI Th iz,

2) BHHE X P
SRENGETRITERINE L, FRIZEF
ThH5,

3. %?mw«fﬁia«*g -
CENBEB TS 2, BEER L OERK
L@ivﬁﬁ,ﬁﬁa LeR@EseIEn
ERTHY, mHushngEn LR THRV
LOEET 0 E s 2,

1 %6ZHEONE Bt (5RED) =885 (44 5%, 5.
a B, b B

2 —HHEOsH WE BN

(hxg=)

_83_



Mod Rheumatol (2006) 16:30-35
DOI 10.1007/s10165-005-0453-3

© Japan College of Rheumatology 2006

Masao Yukioka - Yoshio Komatsubara
Kazuhiko Yukioka - Tomoko Toyosaki-Maeda
Kazuo Yonenobu - Takahiro Ochi

Adrenocorticotropic hormone and dehydroepiandrosterone sulfate levels of
rheumatoid arthritis patients treated with glucocorticoids

Received: August 31, 2005 / Accepted: December 21, 2005

Abstract To assess adrenal function with respect to the
presence or absence of steroid therapy, we investigated dif-
ferences in the blood levels of adrenocorticotropic hormone
(ACTH) and dehydroepiandrosterone sulfate (DHEAS) in
relation to steroid (prednisolone) administration in 123 pa-
. tients with rheumatoid arthritis (RA). Levels of ACTH and
DHEAS were significantly lower in the steroid-treated
group than in the non-treated group (ACTH: 11.79pg/ml vs
27.92pg/ml) (DHEAS: 418.12ng/ml vs 883.91ng/ml) (P <
0.0001). We observed no steroid dose-related differences in
ACTH levels. However, DHEAS levels showed a slight
decrease at a prednisolone dose of 2.5mg/day, with a
significant decrease being observed at a dose of Smg/day
when statistical adjustments were made for age and sex (P <
0.0001). At doses of 7.3mg/day or greater, DHEAS levels
were significantly lower than those for 5mg/day (P <
0.0006). These results suggest that low-dose prednisolone
reduces adrenal function in patients with RA. We recom-
mend that doses of prednisolone should be limited to Smg/
day or less in consideration of adrenal function when treat-
ing RA patients. The measurement of ACTH and DHEAS
may be useful for evaluating adrenal function in patients
with RA.
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introduction

Dehydroepiandrosterone (DHEA) and dehydroepian-
drosterone sulfate (DHEAS) are secreted by the adrenal
cortex and are classified as sex hormones.! Dehydroe-
piandrosterone sulfate levels markedly increase during ado-
lescence, and reach a peak at about 20 years of age, after
which they decrease with age. As such, DHEAS may be
used as a parameter of aging.”® Previous studies have sug-
gested that DHEAS prevents osteoporosis, cardiovascular
disease and arteriosclerosis, and it is becoming increasingly
recognized that DHEAS is important for maintaining a
healthy state.*’ In patients with rheumatoid arthritis (RA),
there have been reports of normal, increased, and de-
creased DHEAS values.”™” However, steroids are often ad-
ministered to these patients, and may decrease the levels of
adrenocorticotropic hormone (ACTH) and DHEAS via
negative feedback mechanisms.’ Furthermore, a previous
study has reported that blood levels of DHEAS are con-
stant for a long period,’ but that mental or physical stress
and inflammatory responses may influence DHEAS levels
via ACTH.M In this study, we investigated differences in
the blood levels of ACTH and DHEAS in subjects on and
off of various doses of steroids. In addition, we examined
changes in ACTH and DHEAS levels in 14 patients for
whom these parameters were measured twice.

Patients and methods

Of 130 RA patients meeting the criteria established by the
American College of Rheumatology," for whom levels of
ACTH and DHEAS were measured between February
2002 and September 2002, there were 123 patients (137

_84__



samples) for whom confirmation of the undertaking and
dosages or non-undertaking of prednisolone therapy could
be made (pétients treated with betamethasone were ex-
cluded). In the 14 patients for whom these parameters were
measured twice, the values at the second measurement
were also evaluated. Subjects were 123 patients (26 males,
97 females) consisting of 19 inpatients and 104 outpatients,
with a mean age of 57.24 years (£12.58) at the time of
examination. Steroids had been administered to 78 of these
patients, the daily prednisolone doses were 2.5mg in 16
patients, Smg in 47 patients, 7.5mg in 9 patients, and 10mg
in 6 patients (Table 1).

Adrenocorticotropic hormone levels were determined
by a one-step IRMA (immunoradiometric assay) method
using biotinylated antibodies, and, for B/F (bound/free) iso-
lation, avidin-bound beads were used (Allegro HS-ACTH
IRMA kit: Nichols Diagnostics, San Juan Capistrano, CA,
USA). Serum DHEAS was determined after serum was
allowed to react competitively with I-labeled DHEAS in a
DHEAS antibody coated tube (DHEA-S kit: Coat-A
Count DHEA-SO,, Mitsubishi Kagaku Iatron, Tokyo,
Japan). In addition, we investigated the correlations of
ACTH and DHEAS values with age, erythrocyte sedimen-
tation rate (ESR), matrix metalloproteinase {(MMP,), red
blood cell count (RBC), and rheumatoid factor (RF). Blood
samples were measured between 08:30 and 11:00h. Before
the measurement of these values, informed consent was
obtained from all patients.

Reproducibility of ACTH and DHEAS measurements
Using 3 samples of ACTH with different concentrations,
Intra-day ACTH concentrations were evaluated 10 times
on 1 day. The coefficients of variation (CV) were 3.8%,
2.4%, and 2.2%. Inter-day ACTH concentrations were
evaluated daily over a period of 5 days. The CV were 1.3%,
5.1%, and 3.6%. Using 3 samples of DHEAS with different
concentrations, intra-day DHEAS concentrations were
evaluated 20 times on 1 day. The CV were 7.2%, 4.7%, and
3.4%. Inter-day DHEAS concentrations were evaluated
daily over a period of 10 days. The CV were 10.6%, 4.9%,
and 4.2%. These values confirmed the reproducibility of
ACTH and DHEAS measurements.

Table 1. Characteristics of 123 rheumatoid arthritis (RA) patients
treated with various doses of prednisolone

Steroid dose (mg) No. of cases  Sex Age (years)®
Male Female
0 45 6 39 54.76 £ 12.37
25 26 1 15 61.13 +7.91
5 47 11 36 56.45 £ 14.65
7.5 9 5 4 60.33 £ 8.02
10 6 3 3 67.00 £3.03
Total 123 26 97 5724 £12.58
*Mean * SD
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Statistical analysis

Differences between the ACTH and DHEAS levels of
steroid-treated and non-treated RA patients were com-
pared using a Wilcoxon rank sum test. In addition, the
effects of steroids on ACTH and DHEAS levels were
evaluated by analysis of variance with steroid dosage as a
factor, and by analysis of covariance with steroid dosage as
a factor and with age and sex as covariates. Prior to the
comparison, it was confirmed that there were no correla-
tions between ACTH or DHEAS levels and age, CRP,
ESR, MMP,, RBC, or RF through simple correlation
coefficients and partial correlation coefficients. P values of
less than 0.05 were considered to be significant.

Results

Differences in ACTH and DHEAS levels related to the
steroid administration and dosage

In the steroid-treated group, ACTH and DHEAS levels
were lower (Wilcoxon’s test, P < 0.0001) (Table 2) than the
non-treated group. There were no dose-related differences
in ACTH levels (Table 3). However, DHEAS levels in the
steroid-treated group were lower than in the non-treated
group at a prednisolone dose of 2.5mg/day (Table 4), and
significant decreases in DHEAS levels were observed at
doses of Smg/day (P < 0.0002) or greater after adjustments
were made for age and sex (Table 4). In addition, at doses of
7.5mg/day or higher, DHEAS levels were significantly
lower than at doses of 5mg/day (P < 0.0006).

Table 2. Adrenocorticotropic hormone (ACTH) and dehydro-
epiandrosterone sulfate (DHEAS) levels in RA patients on and off
steroid treatments

Steroid No. of cases ACTH (pg/ml) DHEAS (ng/ml)
administration

No 45 2792 £19.74 883.91 £ 655.23
Yes 78 11.79 £10.13 418.12 + 442.83

Values are mean £ SD
P < 0.0001

Table 3. ACTH levels in RA patients according to prednisolone dose

Dose (mg) No. of cases Mean (pg/ml) £ SD P
0 45 27.92 £19.74
2.5 16 13.31 £ 8.50 0.0004%
5 47 11.51 £ 8.47 <0.0001*
7.5 9 7.67 £ 4.56 0.0003*
10 6 16.17 £ 24.70 0.0514

* Adjusted for age and sex
*Significant difference compared with Omg dose
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Table 4. DHEAS levels in RA patients according to prednisolone dose Changes in ACTH and DHEAS levels in 14 patients for

Dose (mg) No. of cases Mean (ng/ml) + SD P whom these parameters were measured twice
0 45 883.91 £ 655.23 In one of the 14 patients, a steroid-free treatment approach
2.5 16 443.94 + 369.54 0.1648 : A .
5 47 482.43 + 503.51 0.0002+ Was switched to prednisolone therapy at a dose of 5mg/day.
75 9 196.11 + 173.38 0.0002+ In another patient, the daily steroid dose was increased
10 6 178.50 + 176.39 0.0271*  from 5 to 7.5mg. In both of these patients, DHEAS levels
" Adjusted for age and sex decreased (Fig. 1). Some of the remaining 12 patients
*Significant difference compared with Omg dose showed changes in ACTH and DHEAS levels, despite the

constant steroid dosage (Fig. 2).
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Fig. 2. Changes in adrenocorticotropic hormone (ACTH) and dehydroepiandrosterone sulfate (DHEAS) levels in patients on fixed doses of
steroids
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Fig. 3. Dehydroepiandrosterone sulfate (DHEAS) levels in rheuma-
toid arthritis patients without steroid treatment

Correlations of ACTH and DHEAS with age, ESR, CRP,
MMP,, and RBC values

We observed a correlation between ACTH and DHEAS (r
=(.37125). Dehydroepiandrosterone sulfate was negatively
correlated with age (r = -0.43464). In addition, CRP values
were correlated with ESR (r = 0.50421), RF (r = 0.46516),
and MMP, (r=0.39224) (> 0.3000 or more was extracted).

Discussion

Dehydroepiandrosterone sulfate levels decrease with age,”
and a high blood DHEAS level is related to a long life
span.”? It is also thought that DHEAS may exhibit anti-
aging actions. In our patients, DHEAS was negatively cor-
related with age, supporting that supposition. Furthermore,
cortisol and DHEAS are secreted by the adrenal cortex as a
result of stimuli from ACTH secreted by the pituitary
gland.! However, cortisol has a negative feedback mecha-
nism, and blood levels of cortisol show a marked circadian
variation.™” In addition, steroids are administered to a high
percentage of patients with RA. In comparison to cortisol,
DHEAS does not have any negative feedback mechanism,
and there may be less marked circadian variations,' mean-
ing that the measurement of ACTH and DHEAS levels
may be more useful for evaluating adrenal function.
Studies have reported that the blood levels of DHEAS in
patients with RA are lower,”® or similar’ to those of normal
controls: however, in the Hall et al.” study involving a large
number of samples, it was reported that blood levels of
DHEAS are lower in patients with RA, and that these
levels are further reduced in patients receiving steroids or in
those with a history of steroid use. We found that the levels
of DHEAS and ACTH were decreased in the group receiv-
ing steroid therapy. There were no steroid dose-related dif-
ferences in ACTH levels. However, DHEAS levels were
reduced at a prednisolone dose of 2.5mg/day, with levels
significantly lower at a dose of 5mg/day, and with further
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decreases at doses of 7.5mg/day or higher. We consider a
negative feedback mechanism to be involved in steroid
therapy-related decreases in the levels of DHEAS and
ACTH. While we observed significant differences in levels
of DHEAS, there were no significant differences in ACTH
levels related to steroid dose, possibly because there was
circadian variation in ACTH' and because samples were
not collected at a specific time point (samples were col-
lected between 08:30 and 11:00h). Another study has re-
ported that steroid therapy reduces the responsiveness of
ACTH to hypoglycemic stress stimuli, although the func-
tion of ACTH is maintained." Many of our subjects visited
our hospital as outpatients from distant areas by train or
bus, which may have influenced ACTH levels as a result of
physical activity.” In addition, mental stress and increases
in interleukin-6 and tumor necrosis factor-o. may influence
the ACTH level.™ These factors may have contributed to
no steroid dose related differences being noted in the
ACTH levels, which differed from our results for DHEAS
levels.

A previous study has reported that blood DHEAS levels
are constant during clinical courses.® However, in our study,
some of our patients showed changes in ACTH and
DHEAS levels, although the steroid dosage was not
changed. This may be related to physical or mental stres-
sors, including increased RA activity.'™*" Concerning the
relationship between stress and hormones, Nishikaze and
colleagues hypothesized that urinary 17-hydroxycorti-
costeroid (170HCS mg/g Cr.) and 17-ketosteroid sulfates
(17KS-S mg/g Cr.), respectively, reflect the level of stress
and recovery ability, and reported that the level of stress
and the ability to cope with stress can be assessed by mea-
suring these two urinary hormones.”*™ Briefly, 170HCS
levels increase in the alarm reaction and resistance phases
of Syle’s general adaptation syndrome.” In the exhaustion
phase, the 170HCS and 17KS-S levels decrease. In the
recovery phase, the 17KS-S level increases. We previously
reported that the level of stress could be evaluated by mea-
suring urinary levels of 170HCS and 17KS-S in patients
with RA.* Urinary 170HCS is a metabolite of blood corti-
sol, and 17KS-S is a metabolite of blood DHEA(S).” In the
presence of ACTH stimulation, cortisol is secreted by the
adrenal cortex. We consider that the level of stress in pa-
tients with RA and their recovery ability can be evaluated
by measuring ACTH and DHEAS levels, and urinary levels
of 170HCS and 17KS-S. Based on Syle’s general adapta-
tion syndrome, it is considered that the levels of ACTH and
cortisol may increase in the alarm reaction and resistance
phases. However, we speculate that when ACTH stimula-
tion shifts to cortisol in these phases, there may be no
change or a reduction in DHEAS levels.”” In the exhaus-
tion phase, the adrenal gland function appears to become
inhibited, with cortisol and DHEA levels decreasing despite
an increase in ACTH levels. In addition, when functional
disorders of the hypothalamic-pituitary-adrenocortical
(HPA) system occur, the levels of ACTH and DHEAS
decrease.” Increases in ACTH and decreases in DHEAS
were observed in cases of adrenal hypofunction.' In this
study, as was reported by Hall et al.,” DHEAS was not
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correlated with ESR or CRP. However, some studies
have found correlations between DHEAS and these
parameters.”” We speculate that DHEAS levels are in-
creased in patients with marked inflammatory responses,
involving ESR and CRP, in the resistance phase described
by Syle.* Thus, the measurement of ACTH and DHEAS
may be useful for evaluating HPA system function and
stress.

An association between blood levels of DHEAS and
osteoporosis has also been suggested,**® and it has
been suggested that DHEA intake helps prevent os-
teoporosis.” ™ On the other hand, it has been reported that
prednisolone at doses of more than Smg/day may increase
the risk of osteoporosis.** This was supported by the re-
sults of our study. In short, DHEAS levels in patients re-
ceiving prednisolone at 7.5mg/day or higher are lower than
in those who receive 5mg/day, thus increasing the risk of
osteoporosis.”* We therefore consider DHEAS may be a
possible blood marker of osteoporosis in patients with RA.
Dehydroepiandrosterone sulfate levels in the 45 patients
not on steroid therapy are presented in Fig. 3. There was a
marked variation in DHEAS levels. In patients with de-
creases in DHEAS, adrenal function may have been re-
duced. In this group with decreases in the DHEAS levels,
adrenal hypofunction may have been associated with the
various factors described above. Prior to steroid therapy,
adrenal function in patients with RA should be evaluated
by measuring blood levels of ACTH and DHEAS.
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Abstract In activities of daily living such as eating meals,
the neck and upper limbs move in coordination. However,
no methods have been established to analytically and quan-
titatively capture motion of the neck and limbs during these
activities. We used a Vicon 512 system to simultaneously
measure ranges of motion (ROMs) for the cervical spine,
shoulders, elbows, and forearms. Correlations between the
motion analyzer and the universal goniometer were >0.76.
Repeatability of measurements using this analyzer were <3°
for all values. This system is thus highly accurate and can be
useful for motion analysis of the neck and upper limbs. The
sum of flexion angles for the cervical spine, shoulders and
elbows were almost constant for each activity, at 261° for
shampooing, 207° for washing the face, and 185° for eating
a meal.

Key words Daily activity - Neck movement - Three-
dimensional (3D) motion analysis - Upper limb movement -
Vicon

introduction

In activities of daily living that use the upper extremities,
such as eating meals, washing the face, and shampooing, the
neck and upper limbs move in coordination. Conversely, if
part of this coordinated system is impaired, compensatory
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movement of the other components will be indispensable
for accomplishing activities. However, disability of the up-
per limb and neck is evaluated by functional assessment,
mainly by measuring range of motion (ROMs) for each
joint and assessing typical activities of daily living using a
questionnaire. Data obtained using these methods are
therefore subjective, static and nonanalytical.

With recent rapid advances in computer technology,
motion analysis using optical three-dimensional (3D) mo-
tion analyzers has become more sophisticated and has seen
application in various fields including gait analysis, com-
puter graphics, and computer game animation."™ To the
best of our knowledge, no previous reports have examined
systems evaluating combined motion of the neck and upper
limbs.*” This kind of technology would seem applicable to
quantitative analysis of motions of the neck and upper
limbs. The purpose of the present study was thus to assess
the reliability of using a motion analyzer and to analyze the
neck and upper limb motion during activities of daily living
in a healthy volunteer. Analysis of neck and upper limb
motion during activity would help in the formation of re-
construction plans appropriate for the individual condition
of patients with joint deterioration.

Material and methods
System overview

The Vicon 512 system (Vicon Peaks, CA, USA) was used as
an optical 3D motion analyzer. This system was placed in
the rehabilitation room of our institution. Markers compris-
ing inflated light-reflective plastic balls (diameter, 25mm)
were attached to the skin of the subject. Marker motions
were fracked and captured on charge-coupled device
(CCD) cameras, and visualized on a computer display.
Based on these data, each joint motion was calculated auto-
matically on a Vicon 4.5 workstation.®

Individual markers were placed at 23 points as desig-
nated by the manufacturer (Fig. 1 and Table 1): head, 4
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Fig. 1. Marker arrangement

designated by Vicon.
Abbreviations: see Table 1

Table 1. Marker configuration defined by Vicon

Marker name Definition

LFHD Left front head

RFHD Right front head
LBHD Left back head

RBHD Right back head

C7 7th cervical vertebrae
T10 10th thoracic vertebrae
CLAV Clavicle

STRN Sternum

RBAK Right back

LSHO Left shoulder marker
LUPA Left upper arm marker
LELB Left elbow

LFRA Left forearm marker
LWRA Left wrist marker A
LWRB Left wrist marker B
LFIN Left fingers

RSHO Right shoulder marker
RUPA Right upper arm marker
RELB Right elbow

RFRA Right forearm marker
RWRA Right wrist marker A
RWRB Right wrist marker A
RFIN Right fingers

markers; trunk, 5 markers; and each upper limb, 7 markers.
As markers were light and did not require a power or light
source such as a light-emitting diode, subjects were able to
move naturally. Six CCD cameras were placed around each
subject, with four cameras placed at a height of 3m, and the
remaining two cameras placed at a height of 1m to capture
the front of the thoracic region (Fig. 2). Sampling frequency
of the cameras was 60Hz.

Fig. 2. Top view of set-up for this study

Evaluation of accuracy

Performance and accuracy of the Vicon 512 system has
been confirmed previously.”” However, in clinical trial,
while moving skin markers during various motions a dete-
rioration in the accuracy can occur. Therefore, the first part
of the study assessed the accuracy of the motion analyzer on
neck and upper limb motions in a clinical setting.

‘Subjects comprised five healthy volunteers (3 women, 2
men). Mean subject age was 23 years (range, 20-28 years).
Ranges of motion examined were cervical spine flexion and
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extension, shoulder flexion, elbow flexion and extension,
and forearm pronation and supination. The following two
examinations were performed. First, maximum ROMs were
examined by comparing angles calculated using the ana-
lyzer with those measured using a conventional universal
goniometer (Minato Medical Science, Osaka, Japan). In the
analysis of differences between two methods the correlation
coefficient was used and P values were adjusted with
Pearson’s correlation coefficient test. The level of signifi-
cance was set at a P value of 0.05 or less. Next, the error of
this system consisted of standard deviations of calculated
maximum ROMs by repeating all measurements three
times. Makers were reapplied between each measurement.
Repeatability in measurements of ROMs were examined by
comparing the error of the analyzer with those of the con-
ventional universal goniometer.

Amnalysis of motions in activities of daily living

Three motions were studied using the same five volunteers
participated in the evaluation of accuracy: eating a meal,
washing the face, and shampooing. The motions were not
actually performed, but were acted out. Points of maximum
angle in cervical spine flexion, shoulder flexion, and elbow
flexion were measured during these activities, and relation-
ships between each maximum angle were then analyzed.

Results

Maximum angle of each joint measured by the motion ana-
lyzer and universal goniometer are summarized in Table 2.
The correlation coefficient was >0.76 for all values (range,
0.76-0.94). Correlation between the motion analyzer and
universal goniometer was very high for cervical flexion
(0.90), shoulder flexion (0.94), and elbow flexion (0.91). P
values with Pearson’s correlation coefficient test were less
than 0.05 at all angles.

Error of measurements using the analyzer was examined
by looking at differences in three repeated measurements
(Table 3). Standard deviations of values were <3° for all

Table 2. Correlation between maximum angle of each joint measured
using the Vicon 512 system and the universal goniometer

Motion analyzer Goniometer ¥

Cervical

Flexion 47 50 0.90

Extension 64 56 0.89
Shoulder

Flexion 161 160 0.94
Elbow

Flexion 175 ’ 161 0.91

Extension 6 6 0.83
Forearm

Pronation 75 76 0.76

Supination 100 93 0.78

291

values (range, 0.78-2.56°). Repeatability was very high for
shoulder flexion (0.78°) and elbow extension (0.89°).

The system was next used to analyze motions for sham-
pooing, washing the face, and eating a meal. Figure 3 shows
the motion analysis for shampooing in a healthy volunteer
(Case 1). When shampooing, the neck and upper limbs
move in coordination, not separately. In Case 1, shampoo-
ing required 39° of flexion for the cervical spine, 61° of
flexion for the shoulder, and 135° of flexion for the elbow.
Maximum angles of flexion measured during these activities
for the cervical spine, shoulder, and elbow are shown in
Table 4. Maximum angle of flexion for each joint was almost
constant for the three activities. The elbow required maxi-
mum elbow flexion for all activities, at 151° for shampooing,
140° for washing the face, and 146° for eating a meal. Con-
versely, the angle of flexion for the cervical spine varied for
different activities, at 46° for shampooing, 16° for washing
the face, and —8° for eating a meal. As maximum flexion
angle for each joint was almost constant for these three
activities, the sum of cervical spine, shoulder, and elbow
flexions was defined as the total flexion angle (Table 5).
Total flexion angle was almost constant for the three activi-

Table 3. Mean and standard deviations of maximum ranges of motion
using the motion analyzer for three repeated measurements

Mean SD
Cervical Flexion 47 2.03
Extension 64 2.56
Shoulder - Flexion 161 0.78
Elbow Flexion 175 1.81
Extension 6 0.89
Forearm Pronation 75 2.35
Supination 100 212

Table 4. Maximum flexion angle measured during shampooing, wash-
ing the face and eating a meal for the cervical spine, shoulder and
elbow flexion

Shampooing Washing the face Taking a meal
Cervical
Flexion 46 £ 10 167 -8£13
Shoulder
Flexion 64 +9 50+7 43+6
Elbow
Flexion 151+£9 140+ 5 146 £ 5

Numbers are shown in degrees

Table 5. Sum of cervical spine, shoulder and elbow flexion (defined as
total flexion angle) for shampooing, washing the face and eating a meal

Case Shampooing Washing the face Taking a meal
1 244 215 195

2 288 209 186

3 242 202 181

4 264 199 172

5 264 209 194

Total flexion angle 261 +£18 207+8 185 £10

v, correlation coefficient

Numbers are shown in degrees
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Fig. 3. Joint angles at cervical
spine and upper limbs for
shampooing in a healthy
volunteer (Case 1)
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ties, at 261° for shampooing, 207° for washing the face, and
185° for eating.

Discussion

Range of motion is typically evaluated using the universal
goniometer. This method is simple, but large interexaminer
differences can occur and simultaneous evaluation of mul-
tiple joints is not possible. While electrogoniometers are
able to measure ROMs for multiple joints simultaneously,
accuracy is considered low because of the bulkiness of the
equipment.’'™

Electromagnetic motion analysis and optical 3D motion
analysis systems are used for measurement of ROMs for
multiple joints simultaneously. Both systems use markers
for taking measurements and are highly accurate.™ How-
ever, when markers are placed on the skin, accuracy may
suffer because of skin motion.****® In addition, the electro-
magnetic motion analysis system has a limited measuring
area and metal can distort the magnetic field, while optical
3D motion analysis allows measurement of a wide area, but
markers are sometimes measured incorrectly.

Accuracy of the Vicon 512 system has been evaluated
using a gait analysis, revealing a high degree of accuracy.”"
As this system has not previously been used to evaluate
movement of the neck and upper limbs, we assessed the
accuracy of the system for movements of the neck and
upper limbs. Error in measurements of ROMs for the neck
and upper limbs using a universal goniometer have been
reported in several studies.” ™ A goniometric error at the
elbow of 2.4°-3.4° was reported by Fish and Windgate.” In
the present study, repeatability of the analyzer was exam-
ined by looking at differences over three repeated measure-
ments. Standard deviation of the values was between
0.78° and 2.56°, almost equal to the standard deviation of
measurements using a conventional goniometer. Next,

i

wn @

maximum ROMs were examined by comparing angles cal-
culated using this analyzer with those measured using a
conventional goniometer. Correlation coefficient between
the analyzer and goniometer was examined. Generally, a
correlation coefficient >0.9 is very high, while <0.69 is con-
sidered low.” In this study, correlation coefficient between
the analyzer and goniometer was >0.69 for all values. Maxi-
mum ROMs examined using this analyzer and the goniom-
eter were closely correlated. The Vicon 3D motion analysis
system thus appears useful for evaluating motion of the
neck and upper limbs.

In activities of daily living that use the upper extremities,
such as shampooing, washing the face, and eating, the neck
and upper limbs move in a coordinated manner. Flexion
angle for the shoulder and elbow in the three activities is
almost constant, with the elbow requiring a maximum flex-
ion angle for all activities. On the other hand, flexion angle
for the cervical spine varies with different activities. The
necessary angle of flexion for each activity varies for each
joint. As the maximum angle of flexion for each joint was
almost constant for each activity, the sum of the cervical
spine, shoulder, and elbow flexion, defined as total flexion
angle, was almost constant for the three activities, at 261°
for shampooing, 207° for washing the face, and 185° for
eating. The total flexion angle is suspected of having a mini-
mum cumulative flexion angle to achieve the three activi-
ties. In this study shoulder abduction, rotation of forearm,
and wrist flexion were not assessed, as the maximum angle
varies over time. As these motions have a close relation to
each activity, we intend to evaluate them in future.

For patients with multiple joint deterioration as in rheu-
matoid arthritis, surgical reconstruction is performed ac-
cording to evaluation of each lesion, and this sometimes
results in unsatisfactory improvements of disability. One
reason for this is that the neck, shoulder, elbow, forearm,
and wrist are not recognized as interrelated functional units.
Analysis of impairments of neck and upper limb lesions in
multiple arthropathies as changes in functional units
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would enable us to determine appropriate multiple joint
reconstruction plans to achieve maximum improvement in
activities.
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Anterior cervical decompression and fusion (ACDF) is
an effective and widely used surgical procedure for de-
generative diseases or trauma of the cervical spine. The
short-term surgical outcome of this procedure has been
reported to be satisfactory in a majority of the patients.
However, degeneration of the intervertebral discs adja-
cent to the fused segments could be accelerated after
ACDF, causing symptoms such as neck pain, radiculop-
athy, and myelopathy.’”¢ Hilbrand et a® reported the
results of a long-term follow-up study conducted on 374
consecutive patients who underwent anterior cervical ar-
throdesis for cervical spondylosis with radiculopathy,
myelopathy, or both. They found that symptomatic ad-
jacent-segment disease occurred at a relatively constant
incidence of 2.9% per year during the 10 years after the
operation, and that symptomatic adjacent-segment disease
affected more than one fourth of all the patients within 10
years after anterior cervical arthrodesis. Ishihara et al® re-
ported the development of symptomatic adjacent-
segment disease in 19 of 112 patients (19%). Thus, much
effort has been directed toward preventing adjacent-
segment disease, including that which led to the recent
development of artificial cervical discs.”

Among the various manifestations of adjacent-
segment disease, cervical myelopathy is one of the most
problematic, and the optimal management strategy for
this complication remains controversial. Repeated fu-
sion surgery may be effective but can result in further
adjacent-segment lesions and, according to Hilibrand ez
al,® achieving fusion is more d1fﬁcu1t when anterior cer-
vical arthrodesis is performed for segments adjacent to a
prior fusion. Moreover, scars in the anterior neck involv-
ing the esophagus and internal carotid artery and vein
make a repeated anterior approach to the cervical spine
hazardous and complicated.” Therefore, a posterior ap-
proach would seem to be more reasonable for dealing
with cervical myelopathy resulting from adjacent-
segment disease.

Open-door expanswe laminoplasty (ELAP) developed
by Hirabayashi et al*® is believed to expand the whole
cervical spinal canal and to spare but restrain interseg-
mental motion of the cervical spine. This surgical
method has been widely used for the treatment of cervi-
cal compression myelopathy caused by spondylosis, soft
disc herniation, and ossification of the posterior longitu-
dinal ligament.’*"'® The advantages and disadvantages
of the treatment of cervical compression myelopathy in
patients without previous surgery have been frequently
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Table 1. Demographics of Patients

Group Group A Group B
Age {years) (range) 60 (39-83) 58 (42-77)
Gender
Male 26 26
Female 5 5

Interval between ACDD
and ELAP (range)
No. of fused levels

12y3m{(lydmto3byiim —

Single 12
Two 14 —
Three 5

ACDF indicates anterior cervical decompression and fusion; ELAP, expansive
laminoplasty.

discussed; however, reports of treatment in those who
have undergone previous ACDF have been rather scarce.
The purpose of this study was to elucidate the effective-
ness of ELAP for cervical myelopathy resulting from ad-
jacent-segment disease by a retrospective review of the
surgical outcomes for this condition.

B Materials and Methods

Thirty-one patients with a history of previous ACDF who un-
derwent ELAP for cervical myelopathy resulting from adjacent-
segment disease were enrolled in this study (group A) (Table 1).
There were 26 males and five females with a mean age of 60
years (range: 39-83 years) and a mean follow-up duration
after ELAP of 45 months (range: 25-60 months). The average
interval between the ACDF and ELAP was 12 years 3 months
(range: 1 year 4 months to 36 years 11 months). Fusion was
conducted at a single level in 12 patients (C3-C4 in one,
(C4~CS5 in four, C5-C6 in seven patients), over two levels in 14
patients (C3-C5 in two, C4-C6 in five, and C5~-C7 in seven
patients), and over three levels in five patients (C3~C6 in one
and C4-C7 in four patients). Twenty-nine patients had under-
gone ACDF once, whereas two patients had undergone the
surgical procedure twice as a result of a history of adjacent-
segment disease. The ACDF had been performed at our hospi-
tal in 26 patients and at other hospitals in five patients. The
indications for ACDF included disc herniation in 14 patients,
spondylotic myelopathy in 15 patients, and spinal injury in two
patients. The preoperative symptoms before ACDF were my-
elopathic symptoms in 24 patients, nonmyelopathic symptoms
in five patients, and unknown in two patients. The adjacent
lesions were spondylosis in 27 patients and disc herniation in
four patients, and they occurred in the superior segment in 21
patients and in the inferior segment in 10 patients. Thirty-one
age- and sex-matched patients with cervical spondylotic my-
elopathy who underwent ELAP during the same period, who
gave no history of surgery on the cervical spine, were enrolled as
controls (group B; 26 males, five females; mean age: 58 years).
Matching was made by a third person who had no information on
the patients, by choosing 31 of 108 patients who underwent
ELAP, who were stratified by the age group and gender.

ELAP was performed from C3-C7 according to the method
originally reported by Hirabayashi et a/*® with some modifica-
tions. Because two or three adjacent laminae showed osseous
fusion at the levels of the ACDF, they were opened up en bloc
after making a gutter on the hinge side and cutting the laminae
on the open side. A single stay suture was placed on a block of

laminae and also on the paravertebral muscles around the lam-
inae, and the block of laminae was held open by tying the
suture. Adhesions between the laminae and the dura matter did
not compromise the decompression procedure in any of the
patients. The open side was usually on the left side and the
hinge side was on the right unless spinal cord compression was
significantly more severe on the right side than on the left side.

The pre- and postoperative Japanese Orthopedic Associa-
tion scores (JOA scores, Table 2)** and the recovery rates were
compared between the two groups. The recovery rate was cal-
culated as follows; (JOA score at follow up ~ preoperative JOA
score)/(17 — preoperative JOA score) X 100 (%),}° and the
surgical outcomes were classified into four grades based on the
calculated recovery rate; excellent: recovery rate 75% or
higher, good: 50-75%, fair: 25-50%, and poor: lower than
25%. Bvaluation was made on radiographic findings, including
the range of motion and the jaw diameter (a measured line from
the posteroinferior corner of the vertebral body to the anterior
aspect of the subjacent lamina) at the adjacent levels in group A
and the affected levels in group B and the spinal canal diameter
at the C4 level in both groups. The C4 level was chosen for this
measurement, because the spinal canal is usually narrowest at
this level. On magnetic resonance imaging, the cross-sectional

Table 2. Evaluation System for Cervical Myelopathy
(JOA scoring system)

Category Score (points)

Motor function
Upper extremity
Unable to feed oneself with any tableware 0
including chopsticks, spoon, or fork, and/
or unable to fasten button of any size

Can manage to feed oneself with spoon 1
and/or fork but not with chopsticks
Either chopsticks feeding or writing is 2

possible but not practical, andfor large
buttor can be fastened
Either chopsticks feeding or writing is 3
clumsy but practical, and/or cuff button
can be fastened

Normal 4
Lower extremity

Unable to stand and walk by any means 0

Unable to walk without a cane or other i
support on a level

Walks independently on a level but needs 2
support on stairs

Capable of fast but clumsy walking 3

Normal 4

Sensory function
Upper extremity

Apparent sensory disturbance 0

Minimal sensory disturbance 1

Normal 2
Lower extremity

Apparent sensory disturbance 0

Minimal sensory disturbance 1

Normal ) 2
Trunk

Apparent sensory disturbance 0

Minimal sensory disturbance 1

Normal 2
Biadder function

Urinary retention and/or incontinence 0

Sense of retention and/or dribbling and/or 1

thin stream and/or incomplete continence
Urinary retardation and/or pollakiuria 2
Normal 3
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Table 3. Ciinical Results

JOA Scores Outcome Classification
Preoperative Postoperative Recovery Rate Excellent Good Fair Poor
Group A (range) 9.2 + 2.6 (4-14) 11.9 = 2.8 (6-15) 37.1 + 22.4{0-81)* 1 " 1 8
Group B (range) 9.4 x 2.3{4-14) 13.3 = 1.7{10-16} 50.0 + 21.3{14-90) 4 15 7 5

*Statistically significant (P = 0.04).

area of the spinal cord was measured at the adjacent levels in
group A and at the level at which compression of the spinal
cord was maximal in group B. For the measurements, hard
copies of magnetic resonance images were photographed using
a high-resolution digital camera (Cybershot; Sony, Tokyo), and
the cross-sectional area of the spinal cord was measured on a
personal computer using the Scion software (Scion Inc., MD).
The measurement was conducted twice, and the average of the
two values was used for the analyses. The presence or absence
of high-signal-intensity lesions on T2-weighted magnetic reso-
nance images was also evaluated.

Statistical Methods. Statistical analyses were conducted us-
ing the SPSS software (SPSS Japan Inc., Tokyo). x* test or
Mann-Whitney U was used for categorical or ordinal data, and
the t test and analysis of variance (ANOVA) were used for
interval data with normal distribution.

In all tests, a P value of less than 0.05 was considered to
denote statistical significance.

B Results

Clinical Outcomes

The average JOA scores in group A and group B were
9.2+ 2.6and 9.4 = 2.3 before the ELAP and 11.9 £ 2.8
and 13.3 = 1.7 at the follow-up examination, respec-
tively, and the average recovery rates in the two groups
were 37.1 = 22.4% and 50.0 = 21.3%, respectively
(Table 3). Thus, the recovery rate in group A was signifi-
cantly lower than that in group B (P = 0.04; unpaired t
test). Clinical results of group A and group B were classified
into excellent in one patients (3.2%) and four patients
(12.9%), good in 11 (35.5%) and 15 (48.4%), fair in 11
(35.5%) and seven (22.6 %), and poor in eight (25.8%) and
five (16.1%), respectively. In regard to stratification of
the recovery rates according to diagnosis before ACDF in
group A, the rate was 41.1 = 21.5% in cases with soft
disc herniation, 35.9 = 23.0% in cases of spondylotic
myelopathy, and 20.8 = 29.4% in cases of spine injury
(P =0.48, ANOVA). A weak correlation was observed

Table 4. Radiologic Findings

between the recovery rate and the interval between the
initial ACDF and the ELAP (correlation coefficient, 0.33,
P =0.062).

Complications associated with ELAP included post-
operative hematoma with the development of quadriple-
gia in one patient from group A, which was treated by
emergency revision surgery, and C5 palsy in one patient
from group B. Although neck pain was not a major prob-
lem in either group before the ELAP, one patient from
group A and two patients from group B experienced
intractable axial pain after ELAP, which necessitated the
use of nonsteroidal antiinflammatory drugs.

Radiolegic Findings

The mean preoperative anterior—posterior diameter at
the C4 vertebral level was 12.7 + 1.4 mm in group A and
13.7 = 1.2 mm in group B (P = 0.03, unpaired t test)
(Table 4). The mean angular motion at the adjacent lev-
els in group A was 10.5 = 5.6 degrees before the ELAP
and decreased significantly to 7.0 % 6.6 degrees at the
follow-up evaluation (P = 0.008, paired t test). The pre-
operative angular motion and the jaw diameter at the
adjacent levels in group A and at the affected levels in
group B was not significantly different (P = 0.66 and
0.15, respectively, unpaired t test). On magnetic reso-
nance imaging, the mean cross-sectional area of the spi-
nal cord at the adjacent segments in group A was 30.9 =
12.2 cm® and at the most compressed level in group B
was 31.2 = 9.0 cm (P = 0.95, unpaired t test). High-
intensity lesions in the spinal cord were observed on the
T2-weighted magnetic resonance images in 30 of the 31
patients (97%) in group A and in 27 of the 31 patients
(87%) in group B (P = 0.35, x* test). The mean number
of segments covered by the high-intensity lesions on the
T2-weighted magnetic resonance images was 1.87
(range: 0-5) in group A and 0.9 (range: 0-2) in group B
(P = 0.001, Mann-Whitney U test).

Angular Motion of Affected Segment

T2 High-Intensity Lesion

Spinal Canal Jaw . . Spinal
Diameter Diameter Preoperative Postoperative Cord Area No. of No of Levels
{mm) (mm) {degree) {mm?) Patients {range)
Group A 12.7 = 1.4* 127 = 2.1 10.5 £ 58 7.0 £ 6.6 309 *122 30(97%) 1.87 (0-5)t
Group B 137 =12 1M7x27 9.8 =6.0 47 *+5.1 312499 27 (87) 0.9(0-2)
*P=0.03.
TP = 0.001.
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