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Case Report

Treatment of Infected Hip Arthroplasty With
Antibiotic-Impregnated Calcium Hydroxyapatite

Akihiro Sudo, MD, Masahiro Hasegawa, MD,
Aki Fukuda, MD, and Arsumasa Uchida, MD

Abstract: We reviewed the treatment of infected hip anthroplasty with antibiotic-
impregnated calcium hydroxyapatite (CHA) ceramic blocks. Seven consecutive
patients consisting of 2 men and 5 women with an average age of 65 years were
followed up for an average of 5.0 years. All patients received resection arthroplasty
and thorough debridement. followed by implantation of antibiotic-impregnated
CHA ceramic, Two-stage revision was performed in all patients. There was no
evidence of a recurrent infection in 6 paticnis. The remaining onc  patient
underwent an additional debridement 2 years after the second stage. This patient
was free of infection at the time of the latest follow-up. Antibiotic-impregnated
CHA ceramic is thus considered 1o be an excellent drug delivery system for the
infecied hip arthroplasty. Key words: infecied hip anthroplasty, antibiotic-
impregnated hydroxyapatite, calcium hydroxyapatite ceramic block. drug delivery

system, 2-stage revision.
2 2008 Elsevier Inc. All rights reserved.

Despite recent advances in surgical techniques,
operating room discipline, and prophylactic admin-
istration of antibiotic therapy, deep infections
remain a devastating complication alter total hip
arthroplasty. The optimal treatment of an infected
hip arthroplasty remains controversial with many
protocols having been described [1-10]. The sclec-
tion ol a suitable treatment method requires a
careful assessment of patient-related variables and
the expected treatment goals. The 6 basic treatment
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options include antibiotic suppression [1.2], open
debridement [3,4), resection arthroplasty [5.6],
arthrodesis |7], reimplantation of another prosthe-
sis [8,9], and amputation [10]. Obviously, it is ideal
1o retain a well-functioning total hip arthroplasty
after infection. Unfortunately, in most cases, this is
not possible. Accordingly, the removal of the
implant is mandatory for the treatment and cure
of implant sepsis in most cases. Alter removing
implants, it has been the current trend to insen
antibiotic-impregnated bone cement in the form of
beads or spacers. However, antibiotic-impregnated
bone cement is also associated with certain dis-
advantages, The potential drawbacks may include a
shon duration of drug release |11-16). a very low
release rate [11.14,17], thermal damage to some
antibiotics, reduced biocompatibility with the bone
for which additional surgery 1o remove the bone
cement is necessary, and possible bone loss adja-
cent 1o Joose spacers [18].
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Fig. 1. This photograph is a CHA ceramic block,

To solve these problems, we developed the
antibiotic-impregnated calcium hydroxyapatite
(CHA) ceramic as a new drug delivery system
(Fig. 1) [19,20]. This system is superior to acrylic
bone cement. All implanted antibiotics are thus
released over a long period, with none being
trapped in the composite [19]. The antibiotics
studied showed a high release rate |19]. Shinto
et al 119] reported that gentamicin sulfate in CHA
block was still effective at 12 weeks, when 70% ol
the antibiotic had been released. At this time. the
antibiotic concentration from a 75-mg dose was
5 times the minimum inhibitory concentration for
staphylococci. Any antibiotics can be placed in CHA
because there is no thermal damage to the drug
Calcium hydroxyapatite ceramics are fully biocom-
patible, thus avoiding the need for a second
operation [19,21-23]. We have already treated
the patients with chronic osteomyelitis by this
CHA ceramic block [24.25]. The aim of this study
is t0 evaluate the clinical results of the antibiotic-
impregnated CHA used lor the treatment of
infected hip arthroplasty.

Materials and Methods

Between April 1998 and July 2000, 7 consecu-
tive patients who had a deep infection at the site of
a hip prosthesis were treated using an antibiotic-
impregnated CHA. The diagnosis ol inlection was
based on the clinical criteria, including the pres-
ence of a discharging sinus, frank purulent fluid or
pus found on preoperative hip aspiration. or
positive findings on laboratory and histopatholog-
ical tests. The study group consisted of 2 men and
5 women. with an average age of 65 years (range.
45-81 years). The initial diagnoses were osteoar-
thritis in 3 patients, rheumatoid arthritis in 2. and
neck fracture in 2

Protocol of Treatment

First Stage. This consisted of resection arthro-
plasty and thorough debridement followed by the
implantation of antibiotic-impregnaied CHA
{(Fig. 2A). A posierolateral incision was used to
approach the hip joini. Three sets of deep cultures
were taken from the joint [luid, inflamed synovial
tissue, and membrane from the bone-prosthesis
interface at the time of debridement

Calcium hydroxyapatite ceramic was sintered at
1200 C for 2 hours, and it had a porosity of 30% to
40% with the diameter of the micropores between
40 1o 150 pm. There was an interconnecting pore
structure open 1o the external surface of the block.
The size ol this cylindrical block was 15 mm in
diameter and 12 mm in height. These blocks were
commercially available (Sumitomo Cement, Tokyo
Jlapan). At operation, the chosen antibiotic powder
was packed into a central cylindrical cavity (7 mm
in diameter and 8 mm deep) in each porous block,
and then, the cavity was sealed with a CHA plug
(7 mm in diameter and 3mm in height). The
volume of antibiotic powder they were able o
accommaodate depended on the tvpes of antibiotics.
The usual dose of antibiotics in each ceramic block
ranged from 100 to 400 mg. The choice ol anti-
biotics in the CHA was determined according to the
results of bacterial cultures from the draining

Fig. 2. Radiographs of left hip of a 71-year-old man.
A, Thiny-cight CHA blocks were placed in dead space

B. Anteroposterior radiograph after revision total hip
arthroplasty with CHA bocks placed into the femoral
canal and acetabulum is shown
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Table 1. Paitient Demographics

Antibiotics in the IV Antibiotics st PO Amibiotics at

Casc Age Sex Previous Surgery  Organism CHA Blocks Interim Period Interim Period Follow-Up

I 71 M Total hip Fseudomons CF5 0.9 g. MFPM CPR. MEPM. TFLX Dicd
anthroplasty aeTndinosa LS g PIPC Ol g PAPM/BP

2 74 F Hemiarthroplasty MRSA DKB 0.5 g. FOM 4 ¢ ABK, CMZ, DOXY MINO Died

3 8% F Toual hip Alpha CTM 0.75 g. CZOP CEZ. CTM, FMOX CFPN-PI Reimplantation
arthroplasty streplococcu s 158 FMOX 1.5 8

4 3 'F Toal hip MRSA SM2g VCM t1.5 g ABK, MINO MINO Reimplantation
arthroplasty

5 8 F Total hip MRSA TEIC I g VEM 1.6 ¢ ABK. GM - Reimplantation
arthroplasty

[ 63 M Hemiarthroplasty MRSA IPMICS 0.5 VCM 05 g CLDM, MINO CFPN-PI Reimplantation

7 45 F Total hip Staphydococs AMK 02g CEZ3g CT™M CFPN-PI Reimplantation
anhroplasty anirs

ABK. CFPN-PI CFS, CMZ CTM, CZOP. DKR, FMOX. PAPM/BP, and TELX are currently not available in the United States.

MRSA indicates methicillin-resistant Staphyiococans anrens; ABK. arbekacin sulfate; AMK, amikadin sullate: CEZ, cefazolin sodium:
CPPN-PL celcapene pivoxil hydrochloride: CFS, cefsulodi fium; CLDM, dindamycin; CMZ. celmetazole sodium: CPR. cefpirome
sulfate: CTM. cefotiam hydrochloride: CZOP, cefozopran hydrochloride: DKB, dibekacin sullate; DOXY. doxycydline hydrochloride:
EMOX, flomoxel sodium: FOM, fostomydn sullate: GM, gentamicin sullate; IPM/CS, Imipenem/dlastatin sodium: MEPM, meropenem
trihydrate: MINO. minocydine hydrochloride; PAPM/BP, panipenem fhetamiprim; PIPC, piperacillin sodium: SM, streptomycin sulfae:
TEIC. teicoplanin: TFLX, tosulfloxacin tosilate; VEM. vancomycin hydrochloride.

sinuses or preoperative joint aspirations. If no sufficient intraoperative evidence to support
preoperative culture was positive, we use the the absence of inlection. The type of reimplanta-
several antibiotics, including the broad spectrum tion was a cementless component, with or with-
antibiotics and antistaphylococcal antibiotics. A out antibiotic-impregnated CHA additionally
closed suction drain was placed to diminish the implanted in the surrounding bone. In addition,
occurrence of any hematoma lormation. All we used CHA at the time of the reimplantation for
wounds were closed primarily. 3 cases that funther surgery would be impossible

Interim Period. All patients were given intra- because of medical condition or severe bone loss.
venous antibiotics for 3 or 4 weeks (Table 1), The All patients received intravenous antibiotics for
selection was determined according to a microbi- 3 weeks postoperatively.

ological assessment before operation and, thereal-
ter, was modilied according to the results of the

operative cultures, Oral antibiotics were prescribed Postoperative Care and Radiographic
for a further 3 or 4 weeks (Table 1), The patients Evaluation

were encouraged to move using non-weight-

bearing methods. Several factors were periodically The patients were examined at 1, 3, 6, and
assessed in the interval before reimplantation, 12 months and, thereafter, every half year. The

including clinical examinations lor wound healing clinical findings including pain at rest. radiographs,
and signs of infection, radiographs, and laboratory and laboratory findings were monitored for any

studies, including the C-reactive protein and the evidence of recurrent infection.

erythrocyle sedimentation rate. Cup loosening was radiographically defined as a
Second Stage. The second-stage procedure was change in the cup angle or radiolucent line in the

carried out only after there was sulfident clinical, zones ol DeLee and Chamley [27). A loosening of

radiographic, and laboratory evidence to suppon the stem was evaluated according to the system

the eradication of an infection. The reimplantation described by Engh et al [28].
procedure was performed through a posterior
approach to the hip joint. The CHA ceramic blocks
were removed. Three intraoperative specimens

were taken from synovial fluid, synovial tissue, Results

and membrane on the bone. At least 10 polymor-

phonuclear leukocytes per high-power field was The average duration of [ollow-up was 5.0 years
considered positive for infection [26]. A new {range, 2.3-6.1 years), No patienis were lost 10
prosthesis was then inserted only il there was follow-up. Two patients included in the study have

271
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died of other causes, with an average follow-up of
4.2 years before death. There was no evidence of a
recurrent infection in these 2 patients in a lifetime,

Gram-positive microorganisms were responsible
for the infection in most hips (Table 1), The types of
antibiotics thar were used in the CHA are also listed
in Table 1. No complications with this antibiotic-
impregnated CHA ceramic, such as excessive post-
operative drainage, erythema, bone damage from
friction, or any panicle discase were observed. At
the second stage. there was no visible evidence of
infection and the cultures were all negative. There
was no evidence ol a recurrent infection in
6 patients. The remaining 1 patient had an
additional debridement with prosthesis retention
after 2 years [rom the second stage because of
recurrent inlection. This recurrence had a differemt
organism on the culture specimens at the time of
reinfection. This patient was free of infection at the
time of the latest follow-up. Radiographically, there
was no loosening or migration of the components
in all 7 patients.

Discussion

Infection remains one of the most devastating
complications of hip arthroplasty. Antibiotic-im-
pregnated bone cement has been reported 1o be
effective for the prophylaxis and treatment of
infected prostheses: however, some limitations
such as a shont duration of drug release, a low
release rate, a suitable substrate [or bacierial
growth [11-16,29-32], and complications such
as fracture and dislocation of spacer 8,33 have
been reported.

Cement beads usually provide local baciericidal
levels of antibiotics for only 2 1o 4 weeks. Once the
level of antibiotics eluting from the implant has
waned, there is an increased propensity for the
overgrowth of antibiotic resistant organisms that
were not eliminated by the original high concen-
tration of antimicrobials [15]. Moreover, the anti-
biotics in the cement beads often leech from the
outer cortex of implant, thus leaving behind a
central core of unused antibiotics. Once the anti-
biotics have leeched from the implant cortex, the
cement beads provide a perlea substrate for
additional bacterial colonization [15]. Once colo-
nized, many bacteria are thus able 1o synthesize a
slime layer, termed the glycocalyy |15]. This layer
prevents the inward diffusion of numerous anti-
microbials, thus allowing bacterial escape from the
bacteriddal and bacteriostatic effects of the antimi-
crobial therapy. Kendall et al [12] reporied the
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bacterial growth on the surface of antibiotic-loaded
acrylic cement was examined in an in vitro model.
Therclore, the surface of bone cement is a suitable
substrate for bacterial growth, even in the presence
of antibiotics.

Caldum hydroxyapatite has been used for the
sustained release and long-term delivery of various
antibiotics to treat completely the particular ortho-
pedic infection. We have been able to maintain
high concentrations ol antibiotics for long periods
both in vivo and in vitro with antibiotic-impreg-
nated CHA ceramic [19]. We have also reported
thar high concentrations of antibiotics were
detected at the site of infection, and bacteria were
eradicated without removal of the metal implant
lor the treatment of experimentally produced,
implant-related osteomyelitis in rats [34]. More-
over, gentamicin-impregnated CHA was reported
lo produce 2.5 times higher concentrations, for
1.2 times longer, than the acrylic bone-cement
drug delivery system [34). The ability of gentamicin
impregnated CHA ceramic to deliver 5 times the
minimum inhibitory concentrations for Stap/ylococ-
cus species for at least 12 weeks.

Any antibiotic can be placed in a CHA ceramic
cylinder because there is no thermal damage to the
drug. It is reported that some antibiotics inactivated
by the polymerization process such as chloram-
phenicol should not be used in bone cement |35].
Brien et al [11] reported that elution of vancomy-
cin from bone cement was suboptimal, and the
bivactivity of vancomycin was variable. In another
study, vancomycin elution from bone cement was
also reported not as good as tobramycin |36]. These
data might be related 1o the thermal damage.

Moreover, this CHA ceramic is fully biocompat-
ible with bone and marrow cells. which grow into
the pores [19.21-23]. Therelore. we can use this
system not only for the dead space alter the
removal of the prosthesis but also for the drug
delivery system at revision surgery. At revision
surgery with the cemented prosthesis, the success
rate with antibiotic-impregnated bone cement has
been reported to be higher than that without
antibiotic-impregnated bone cement |37-40]. How-
ever, at revision surgery with the cementless
prosthesis, a high concentration of antibiotics could
not be obtained at the site of reimplantation. We
suggest that this new drug delivery system might be
a uselul tool for revision surgery using a cementless
prosthesis (Fig. 2B). We applied this CHA ceramic
in the major trochanter, the acetabulum, and into
the femoral canal during revision surgery. All
impregnated antibiotics are thereafier released over
a long period ol time. Therealier, these CHA
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ceramics encourage osteoconduction into their
pores [19,21]. thus avoiding the need to remove
them at the end of the treatment.

Finally, this drug delivery system is very simple
and easy to use, Any amtibiotics can be selected to
correspond o the sensitivities of the wound
pathogens. In the operating room, the surgeon just
packs the selected antibiotic powder in each porous
block, as necessary.

This is the first report regarding the treatment of
the infected hip arthroplasty with antibiotic-im-
pregnated CHA. We already successfully treated the
patients with chronic osteomyelitis by implanting
this CHA ceramic with antibiotics into a cavity
produced after through surgical exdsion of necrotic
tissue. These favorable results using the antibiotic
CHA should encourage further clinical studies in
patients with infecied arthroplasty.

The present study has several limitations.
Patients in this retrospective study were not treated
prospectively under a uniform protocol. As a result,
antibiotic selection was not controlled. Another
limitation is the small number ol patients, Further
investigation is needed with more patients for a
longer period in a prospective design, although the
results are promising,

In conclusion, although thorough surgical de-
bridement and appropriate parenteral antibiotic
therapy might be individually successful for erad-
ication ol deep periprosthetic infection, this study
suggests that a subsequent procedure with antibi-
otic-impregnated CHA ceramic produce a higher
rate of success.

References

. Goulet JA, Pelicci PM, Brause BD, ¢t al. Prolonged
suppression of infection in total hip arthroplasty.
1 Anthroplasty 1988;3:97.

. Tsukayama DT, Wicklund B, Gustilo RB. Suppressive
antibiotic therapy in chronic prosthetic joint infec-
tions. Orthopedics 1991;14:841.

3. Crockarell JR, Hanssen AD. Osmon DR. et al.
Treatment of infection with debridement and reten-
tion of the components following hip arthroplasty.
1 Bone Joint Surg Am 1998;80:1306.

. Tattevin P. Cremicux AC. Portier P, et al. Prosthetic
joimt infection: when can prosthesis salvage be
considered? Clin Infect Dis 1999:29:292.

5. Grauer JD, Amstutz HC, O’Carroll PF, ct al. Resce-
tion arthroplasty of the hip, J Bone Joint Surg Am
1989:71:669.

. Castellanos J, Flores X, Llusa M. et al. The girdle-
stone pseudarthrosis in the treatment of infected hip
replacements. Int Onthop 1998;22:178,

273

7. Kostuik J. Alexander D. Arthrodesis lor failed
arthroplasty of the hip. Clin Orthop 1984;188:173.
Durbhakula SM, Czajka J, Fuchs MD. el al. Spacer
endoprosthesis for the treatment of infecied wral hip
arthroplasty. J Arthroplasty 2004:19:760.

. Holmann AA, Goldberg TD, Tanner AM. ct al. Ten-
year experience using an articulating antibiotic
cement hip spacer for the treatment of chronically
infected total hip. J Arthroplasty 2005;20:874.

. Fenelom GC, von Foerster G, Engelbrecht E. Disar-
ticulation of the hip as a result of failed arthroplasty.
J Bone Juint Surg Am 1980;62:341.

. Brien WWw, Salvati EA, Klein R, ¢t al. Antiblotic
impregnated bone cement in total hip arthroplasty.
An in vivo comparison of the elution propenties of
tobramycin and vancomycin. Clin Orthop 1993;
296:242.

. Kendall RW, Duncan CP, Smith JA, et al. Persistence
of hacteria on antibiotic loaded acrylic depots.
A reason for caution. Clin Orthop 1996,329:273.

. Klemm KW. Antibiotic bead chains. Clin Orthop
1993:295:63.

. Kirkpatrick DK, Von Fraunholer JA, Trachtenberg
LS. et al. In vitro characteristics of tobramycin-
PMMA beads: comprehensive strength and leaching.
Orthopedics 1985;8:1130.

. Mader JT. Shirthil ME. Bergquist SC. ¢t al. Anitimi-
crobial treatment of chronic ostecomyelitis. Clin
Orthop 1999;360:47,

. Murray WR. Use of antibiotic-containing bone
cement. Clin Orthop 1984:190:89.

. Cemretani D, Glorgl G, Fornara P, et al. The in vitro
clution characteristics of vancomycin combined with
imipenem-cilastatin in acrylic bone-cements.
1 Arthroplasty 2002;17:619.

. Pittp RP, Spika IA. Antibiotic-loaded bone cement
spacers in two-stage management ol infected total
knee arthroplasty. Int Orthop 2004:18:129.

. Shinto Y, Uchida A. Korkusuz F, ¢ al. Calcium

hydroxyapatite ceramic used as a delivery system for

antibiotics. J Bone Joint Surg Br 1992;74:600.

Uchida A, Shinto Y, Araki N, ¢t al. Slow release of

anticancer drugs from porous calcium hydroxyapa-

tite ceramic. J Orthop Res 1992:10:440.

Uchida A, Araki N, Shinto Y, et al. The use of calaum

hydroxyapatite ccramic in bone tumor surgery,

J Bone Joint Surg Br 1990;72:298.

Uchida A. Nade SML. McCantney ER. et al. Bone

ingrowth into three different porous ceramics

implanted into the tibia of rats and rabbits. J Orthop

Res 1985:3:65.

Uchida A, Nade SML, McCartney ER. et al, The use of

ceramics for bone replacement. A comparative study

of three different porous ceramics. J Bone Joint Surg

Br 1984;66:209.

Yamashita ¥, Uchida A, Yamakawa T, et al. Treai-

ment of chronic osteomyelitis using calcium hy-

droxyapatite ceramic implants impregnated with

antibiotic. Int Onthop 1998;22:247.

20.

21.

2.

23.

24,



150 The Journal of Arthroplasty Vol. 23 No. 1 January 2008

25,

26.

27

28.

29,

31.

32.

Yamashita Y, Yamakawa T, Kato K, et al, Caldum
hydroxyapatite ceramic implants impregnated with
antibiotic for the reaiment of chronic ostcomyelitis.
Bioceramics 1997:10:91.

Lonner JH, Desai P, Dicesare PE, ¢t al. The reliability
ol analysis of intraoperative frozen sections lor
identifying active infection during revision hip or
knee arthroplasty. J Bone Joint Surg Am 1996;
78:1553.

Delee JG, Charnley J. Radiological demarcation of
cemented sockets in total hip replacement. Clin
Orthop 1976;121:20.

Engh CA. Massin P. Suthers KE. Roentgeno-
graphic assessment of the biologic fixation of po-
rous-surfaced femoral components. Clin Orthop
1990;257:107.

Baker AS. Greenham LW, Release of gentamicin
from acrylic bone cement: elution and diffusion
studies, J Bone Joint Surg Am 1988:70:1551.

. Blaha JD, Calhoun JH. Nelson CL. et al. Comparison

of the dinical efficacy and twlerance of gentamicin
PMMA beads on surgical wire versus combined and
systemic therapy for ostcomyelitis. Clin Orthop
1993;295:8.

Buchholz HW. Elson RA. Heinert K. Antibiotic-
loaded acrylic cement: current concepts. Clin Orthop
1984:190:96.

Vaudaux PE. Zulian G, Huggler E, et al. Attachment
of staphylococcus aurcus to polemethylmethacrylate

274

33

35.

37

39.

increases its resistance 1o phagocytosis in foreign
body infection. Infect Immun 1985;50:472.

Hsich PH, Shih CH. Chang YH, et al. Treatment of
deep infection of the hip associated with massive
bone loss. 1 Bone Joint Surg Br 2005;87:770.

. Korkusuz F, Uchida A. Shinto Y. et al. Experimental

implant-related osteomyelitis treated by anibiotic-
calcium hydroxyapatite ceramic composites. J Bone
Joint Surg Br 1993;75:111.

Ger E. Dall D, Miles T, et al. Bone cement and
antibiotics. § Alr Med 1 1977:51:276.

- Masri BA. Duncan CP, Beauchamp CP. Long-term

clution of antibiotics from bone-cement. An in vivo
study using the prosthesis of antiblotic-loaded acrvlic
cement (PROSTALAC) system. J Arthroplasty 1998:
13:331.

Chemney DL, Amstutz HC. Total hip replacement in
the previously septic hip. 1 Bone Joint Surg Am
1983:65:1256.

. Garvin KL, Evans BG. Salvati EA, et al. Palacos

gentamicin for the treatment of deep periprosthetic
hip infections, Clin Orthop 1994;298:97.

Hope P, Kristinsson KG, Norman P, et al. Deep
infection of cemented total hip arthroplasties caused
by coagulase-negative staphylococd. J Bone Joint
Surg Br 1989;71:851.

. Hunter GA. The results of reinsertion of a total hip

prosthesis after sepsis. 1 Bone Joint Surg Br 1979
61:422.



I
International Orthopacdi

(SICOT)

DOL 10.1007/500264-007-0505-8

A long-term follow-up study of the cementless THA
with anatomic stem/HGPII cup with 22-mm head

Yutaka Nakoshi - Masahiro Hasegawa - Akihiro Sudo -
Atsumasa Uchida

Repcived: 17 October 2007 / Accepted: 24 November 2007
. Springer-Verlag 2007

Abstract The anatomic femoral component and Harris-
Galante porous 11 (HGPII) cup were developed to provide
more reliable bone ingrowth. We performed 20 cementless
total hip arthroplasties (THAs) with anatomic stem/HGPII
cup with 22-mm head in 14 consecutive patients, and
evaluated the clinical and radiological results for a mean
follow-up of 12.8 years. The all-anatomically designed
stem provided excellent clinical and radiographic results.
Four acetabular components underwent revision: three for
fracture of the locking mechanism and wear of the poly-
ethylene liner and one for the locking mechanism failure
with dislocation of the HGPII cup. The abduction angles of
the four revised acetabular components were apparently
higher. The survivorship 13 years after surgery was 78%.
Our findings show good long-term results using the ana-
tomic femoral component, while the HGPII cup combined
with 22-mm head secems 10 have poor durability duc to
locking mechanism failure.

Résumé Le composant fémoral anatomique et la cupule
Hamis-Galante porous 11 (HGPIT) ont été développés de
fagon & améliorer la repousse osseuse. Nous avons réalise
20 prothéses totales de hanche sans ciment avec une queue
anatomique et une cupule HGPII et un couple de friction
avec une téte de 22 mm chez 14 patients consécutifs. Nous
avons réalisé une évaluation clinique et radiologique des
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résultats aprés un suivi moyen de 12,8 ans, Toutes les pices
fémorales ont donné d’excellents résultats sur le plan clinique
et radiographique. Cependant. 4 composants acétabulaires ont
nécessité une révision, 3 pour fracture de mécanisme de
verrouillage de 1'insert et usure de I'insert. 1 pour défaut du
verrouillage du mécanisme de la fixation de 1 insert et luxation
de la cupule. L'angle de verticalisation des 4 cupules révisées
a été plus important. Le taux de survie a 13 ans a été de 78%.
Nous pensons que cet implant donne de bons résultats 4 long
terme sur le plan fémoral, il n'en est pas de méme en ce qui
conceme la cupule HGPII associée @ une téte de 22 mm, celle-
ci semble avoir une durée de vie diminuée du fait du défaut de
mécanisme de blocage de IMinsert.

Introduction

Since the introduction of total hip arthroplasty (THA),
implant fixation and polyethylene wear have been the most
important problems requiring solutions. There are many
system designs available today for cementless THA. The
anatomic THA was one of the carly cementless designs
[15]. A published study of the anatomic hip indicated that
the anatomically designed femoral component can provide
early, satisfactory pain relief in younger, active patients.
Additional experience and follow-up were required ©
determine if the long-term objectives were realised.
Looseming of the acetabular component is recognised as
the major long-term problem associated with THA with
cement [3, 9]. A number of technigues to improve fixation
of the acetabular component have been reported [2, 12, 22].
In the 1980s, cementless porous-coated acetabular compo-
nents were developed to improve the durability of acetabular
fixation. We began to use the cementless hemispheric
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porous-coated acetabular component, Harris-Galante porous
11 (HGPII), and anatomic femoral component with 22-mm
head (Zimmer, Warsaw, IN) in November 1991,

The purpose of this study is to provide the clinical and
radiographic outcomes. after long-term follow-up, in a con-
secutive series of patients treated with cementless THA
with the anatomic stem/HGPII cup with 22-mm head.

Patients and methods

Between November 1991 and March 1997, 20 primary
cementless THA with the HGPII cup/anatomic stem were
performed in 14 consecutive patients (6 men and & women).
The average age of the patients at the time of surgery was
54.4 years (range, 20.0-78.0 years). The average weight
was 56.9 kg (range, 45.0 74,0 kg) and the average height
was 155.0 cm (range. 145-178.0 cm). The preoperative
diagnosis was osteoarthritis in all 20 hips, including
developmental dysplasia in 19 hips and post-traumatic
arthritis in one hip. All of the operations were performed by
the same surgeon via a posterior approach. No patient was
lost to follow-up. All 20 hips were evaluated after a mean
follow-up of 12.8 years (range, 10.0-15.3 years).

The HGPII acetabular component and anatomic femoral
component were used in all patients. The uncemented
acetabular component is made from a titanium alloy metal
shell and has a sintered titanium fiber-metal porous coating.
The metal shell was inserted; the diameter of the implant
maiched the two-plus diameter of the last reamer used 10
prepare the acetabular. The outer diameter of the metal shell
varied. Multiple screwholes allowed for dome screw
fixation. The acetabular component was fixed with titanium
6.5-mm-diameter screws to ensure prnimary stability. The
polyethylene used at this time was machined and sterilised
with gamma irradiation in air. The femoral component was
the anatomic stem consisting of Ti-6AI-4V alloy, with the
surfaces of the proximal aspect coated with titanium fiber-
metal mesh. The stem had no collar. The fluted stem
composed the distal half of the device. The design of the
femoral component has a posterior intertrochanteric bow
and an antenior distal bow. This prosthetic design relies on
maximum metaphyseal fill to provide initial implant
stability. Flexible reamers were used to ream the medullary
canal to the diameter of the desired stem, followed by
rasping of the metaphysic and canal. If any motion of the
broach was detected within the proximal part of the femur,
the next larger broach was used until this motion was
eliminated and the final component was then implanted.
The femoral component varied. The modular femoral
head was a chromium-cobalt alloy component mated to
the femur by interference fit with a conical aper. A 22-mm
head was used in all patients. In nine hips an acetabular

€ springer

276

autograft was used to fill a bone defect. All patients walked
with partial weight-bearing allowed on the seventh post-
operative day and then full weight-bearing at 1 month
postoperatively.

The clinical results were analysed using the Merle
d’Aubigne and Postel scoring system [18]. Serial radio-
graphs were obtained and analysed by an independent
observer. The inclination of the acetabular component was
measured and the presence of radiolucent lines was
evaluated using the zones described by Delee and
Charnley [4] for the acetabular component and those
described by Gruen et al, [10] for the femoral component.
Radiological loosening of the acetabular component was
evaluated using the methods of Hodgkinson et al. [13):
loosening was defined as migration or radiolucency greater
than 1 mm n all of the DeLee and Chamnley zones [4].
Radiological loosening of the femoral component was
evaluated using the method described by Engh et al. [17].
Linear wear of the acetabular component was determined
by measuring the change in the shortest distance between
the centre of the femoral head and the periphery of the
acetabular component and by comparing the immediate
postoperative radiograph with that taken at the last follow-up
visit, as described by Livermore et al. [22]. The measure-
menis were taken using calipers with an accuracy of 0.5 mm.
Peri-prosthetic cystic or scalloped lesions with a diameter
greater than 2 mm that were not present on the immediate
postoperative radiograph were defined as osteolysis.

Statistical analysis was performed using the Wilcoxon
signed rank test or Mann-Whimey U test. A p value of 0.05
was considered to be significant. Kaplan-Meier survivor-
ship analysis was performed using revision for any reason
as the end point

Results

Al the final follow-up, four hips (in three patients) had
undergone revision with a mean duration between the initial
operation and revision of 7.9 years (range, 4.9-11.4 years).
Of these, three hips were revised at 8.9 years (range, 5.5

11.4 years) after the initial operation and their radiographs
showed probable acetabular liner locking mechanism
failure and wear of the polyethylene liner (Fig. la). The
metallic locking mechanism was broken and the polyeth-
vlene liner was womn and loose in the aceiabular component
(Fig. 1b). Both the metal shell components and the femoral
components were well fixed The well-fixed acetabular
component and wom polyethylene liner were changed to a
new metal shell and polyethylene liner using the same
approach. One patient fell. 4.9 years after the arthroplasty,
and sustained a fracture of the metal tines of the locking
mechanism with dislocation of the acetabular component.
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Fig. 1 a Anicropostenior radiograph showing acetabular component
dissoctation, The 22-mm inner head is positioned eccentrically within
the acetabular metal shell. The liner is dissoctaled inferiorly from the
shell. b Retneved metal shell showing the broken metallic tine locking
moechanism

The mean abduction angles of four revised hips (average,
43.5°:6.0°) were significantly higher than the angles of the
16 hips that were not revised (averige, 35.3°254% p<
0.05). The average polyethylene thickness and oscillation
angle in the unrevised group were nol significantly different
from the four revised hips (Table 1). The femoral
component was not loosened and the acetabular component
required replacement.

The Kaplan-Meier survivorship analysis revealed a 13-
year survival rate of 78% (95% Cl:, 59-97%) with revision
for any cause as the end point (Fig. 2). The clinical results
of the 11 patients (16 hips) who did not undergo revision
revealed that the mean Merle d'Aubigne and Postel score
for this group had improved significantly from 11.1 points
(range, 5 15 ponts) preoperatively to 16.5 (range. 12-18
poinis) postoperatively (p<0.01). The mean score for pain
improved from 3.7 preoperatively to 5.7 at the last follow-
up, while that of mobility improved from 5.3 to 4.9 and that
of walking ability improved from 2.1 to 5.8 None of the
patients reported any pain in the thigh

Table | Comparison of results for unrevised and revised hips as
mean = SD

Unrevised hips Revised hips

Thickness of polyethylene 102=11 105213
Abduction angle I531=54 435+60*
Oscillation angle 106.3£0.9 105509

*Significantty higher than those of unrevised hips, P<0.05

Any Revision of the cementless THA
with anatomic stem/HGPIl cup with 22-mm head
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Fig. 2 Survivorship curve for the cemeniless THA with anatomic
stermyHGPIT cup combined with 22-mm femoral head with revision for
any reason as the end point

Radiological findings revealed that three hips had &
radiolucent line in zone | on the acetabular side according
to the classification of DelLee and Chamley [4]: one in zone
2 and three in zone 3. The mean rate of wear of the
acetabular component was 0.16 mm/y (range, 0.00
0.54 mmv'y). On the femoral side, 12 hips had a radiolucent
line in Gruen zone |, two in zone 2, 13 in zone 4, two n
zone 5, and three in zone 6, but none had a radiolucent line
in zones 3 and 7 [10]. Some hips had lesions m more
than one zone. None of the radiolucent lines was wider
than 2 mm. Loosening of the acetabular component was
observed in one of the unrevised hips. All of the femoral
components exhibited radiological evidence of bone mn-
growth at the last follow-up (Fig. 3) [6]. None of the 20

hips exhibited osteolysis

Fig. 3 Anteropostenor
radiograph showing the compo-
nents are well fixed 11 years
postoperatively
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Discussion

The main purpose of this study was to evaluate the long-
term (more than 10 years) results of cementless THA
incorporating an snatomic stem/HGPIl cup with 22-mm
head. After an average of 12.8 years, 78% of the hips
demonstrated good or excellent clinical resulis. Further-
more, there was no aseptic femorl loosening, no femoral
osteolysis, and no thigh pain up to 10 years after the
arthroplasty. However, it was found that there was failure of
the locking mechanism in four acetabular components.

We found that the tines of the locking mechanism in the
HGPII acetabular component were broken in four hips.
Lachiewicz et al. reported that only three HGPII acetabular
components required a revision in 78 hips with a mean
follow-up period of 8 years [16], Archibeck et al. also
reported that five patients in 74 underwent exchange of the
HGPII cup at middle-term follow up [1]. The diameter of
these femoral heads was larger than the 22-mm inner
diameter used in our series. There was no significant
difference as to mean polyethylene thickness and oscillation
angle; however, it was suggested that the failure of the
HGPII cup was associated with size of inner head diameter.
Dislocation associated with a radiographically visible inner
head positioned eccentrically within the acetabular metal
shell was the primary indication for revision for locking
mechanism failure. Mechanical failure, defined as broken
metal tines detected during revision, was responsible for the
locking mechanism fractures. An association was generated
between radiographically visible dislocation and polyeth-
vlene failure with a portion of the locking mechanism
showing distorted metal flanges. In our study, the abduction
angles of the revised acetabular components were appar-
ently higher. Peters et al. reported that the angle of
inclination was changed or the orientation of the polyeth-
ylene liner was changed relative to the elevated nm and
dislocation occurred because failure of the locking mech-
anism occurred from wear and shifting of the polyethylene
liner [1. 5. 16, 19]. We suggested that failure of the locking
mechanism arose from the mobility of the polyethylene
liner because of a higher inclination angle of the acetabular
component from wear. Gaffey et al. reported that the rate of
wear was greater in association with cementless compo-
nents than in association with cemented components [8].
Rotational force onto the articular surface, which disrupts
the normally low-friction articulation and transfers oblique
forees to the polyethylene liner through nteraction with the
femoral head. was augmented and then the polyethylene
liner became wom and mobile.

As a result of the disappointing studies associated with
proximally coated cementless femoral components such as
the Harms-Galante-l stem (HGPI). the next generation of
anatomic stems was developed [23]. The HGPI femoral
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component had a relatively small porous surface area that
was noncircumferential, resulting in a susceptibility to distal
osteolysis. As a consequence a proximally coated femoral
component with a circumferential porous surface was used
and compared favourably with previously published reports
on other successful cementless designs. Incomplete sclerotic
and radiolucent lines adjacent to the prosthesis do not
correlate well with implant stability. Most stems in our series
had a radiolucent line next to the noncoated surface of the
implant that was not indicative of stem loosening. In none of
these hips was there other evidence of aseptic loosening,
such as subsidence or complete radiolucency. Ragab etal.. in
their review. noted that the porous coated anatomic stem
used in our series had a partial pedestal at a 28% rate and all
of these stems had a radiographically stable implant [20], In
the case of proximally coated anatomic femoral compo-
nents, no completely radiolucent line as an indicator of
loosening was found and all stems were suble, so partial
radiolucencies are not considered an important finding at
long-term follow-up.

In our series, none of the hips were associated with thigh
pain. In other series of proximally coated femoral compo-
nenis, the prevalence of thigh pain has been variable [21, 24].
Xenos et al.. in a study of the porous-coated anatomic stem,
found a peak prevalence of thigh pain, which decreased to
12% afier 10 years |25]. Engh et al. identified 8% thigh pain
in a study of extensively coated femoral stems followed for a
minimum of 10 years [7]. We generated data over an average
of 13 years on the cementless proximally porous-coated
anatomic femoral components and our findings of clinically
excellent results compare favourably with those available in
the literature.

Particulate debris from polyethylene wear and the
resultant osteolysis remain the primary factors limiting the
longevity of hip prostheses [11, 14]. Femoral osteolysis was
not seen in our series.

In conclusion, the outcome of cementless THA depends
on many factors, including component design and head
size, inclination angle of the acetabular component. and
surgical technique. In our long-term (mean 12.8 years)
results, the use of the anatomic circumferentially porous-
coated femoral stem provides reproducible ingrowth and
excellent clinical results, while a tendency for locking
mechanism failure and loosening of the polyethylene liner
of the HGPIl cup combined with 22-mm femoral head
introduces a note of caution.
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Abstract The p-dimer levels are considered to be useful
for the diagnosis of thrombosis, and they can be elinically
used as a negative predictive value (NPV). However. evi-
dence for the efficacy of diagnosing thrombosis based on
the p-dimer levels is still not well established. The present
study was designed to evaluate the cut-off values of
p-dimer levels as a negative predictor for thrombosis. The
plasma concentrations of p-dimer were measured in inpa-
tients suspected of having thrombosis, and then the findings
were evaluated 1o assess the correlation with the diagnosis
of thrombosis. In healthy volunteers. the median value of
VIDAS-p-dimer was 0.12 pg/ml, and the 95% confidence
interval was from 0.05 to 0.38 pg/ml. However, the plasma
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p-dimer levels were significantly higher in patients with
thrombosis than in those without thrombosis; there was no
significant difference in p-dimer levels among various
thromboses such as pulmonary embolism (PE), deep vein
thrombosis (DVT), and disseminated intravascular coagu-
fation (DIC). The NPV for venous thromboembolism was
100% in patients with 0.5 pg/ml VIDAS-p-dimer and
1.2 pg/ml LPIA-p-dimer levels. Elevated v-dimer levels
might indicate a high risk of thrombosis. especially DVT/
PE. and they are thus considered to be useful as a negative
predictor for thrombosis.

Keywords Hypercoagulable state - DVT - p-dimer -
DIC - PE

1 Introduction

The p-dimer levels are considered to be useful for the diag-
nosis of thrombosis, and they have been reported to be
elevated in deep vein thrombosis (DVT)pulmonary embo-
lism (PE: 1-4), disseminated intravascular coagulation
(DIC; 5-7). acute myocardial infarction (AMI: &, 9). and
thrombotic thrombocytopenic purpura (TTP; 10). The
p-dimer levels are widely used to diagnose thrombosis such
as DVT/PE. but many of the commercially available o-dimer
assay kits contain different monoclonal antibodies, standard
substances, and are based on different assay systems. Since
these problems regarding the standardization of p-dimer
assays remain to be resolved, several studies [11, 12] were
designed to generate basic data for the standardization of
p-dimer evaluation procedures. PE is a common, frequently
undiagnosed. and potentially fatal cause of several symp-
toms, including dyspnea and chest pain [ 13—15]. Since PE is
often a fatal disease caused by DVT, the early diagnosis of
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DVT [16] and PE [17] is important to improve the possible
outcomes. In this regard, the p-dimer levels have been
reported to be a negative predictor for DVT: levels of less
than 0.5 pg/ml of p-dimer are considered to exclude DVT/
PE in Europe and North America [ 16].

DIC [ 18, 19] is often observed in patients with leukemia,
solid cancers. infections. gynecological conditions. and
ancurysms, and it is frequently associated with severe
bleeding and organ failure. Since DIC is stll a fatal con-
dition [20], it is important to diagnose it early through the
use of hemostatic molecular markers [21]. The Interna-
tional Society of Thrombosis and Haemostasis (ISTH)
established diagnostic criteria for ovent-DIC using fibrin-
related markers such as p-dimer [22],

The present study was designed to evaluate the cut-off
values of p-dimer as a negative predictor for DVT and PE,
For this purpose. the plasma p-dimer levels were deter-
mined in 381 patients suspected of having thrombosis, and
in 100 healthy volunteers.

2 Materials and methods
2.1 Subjects

From January 1, 2005 1o December 31, 2005, 381 patients
(median age 61.0 years, 25-75% range 50.0-72.0 vears,
and sex: 245 females and 136 males) were suspected of
having some type of thrombosis in several hospitals affil-
inted with Mie University School of Medicine. The plasma
concentrations of p-dimer were examined in these patients,
and were then evaluated in order 1o identify any correla-
tions with the diagnosis of thrombosis. The study protocol
was approved by the Human Ethics Review Committees of
all participating institutions. and a signed consent form was
obtained from each subject. The underlying diseases in
these patients included orthopedic conditions in 125
patients, cancer in 65, digestive diseases in 44, cardiovas-
cular diseases in 46, autoimmune diseases in 18, infectious
diseases in 15, hematological diseases in 13, diabetes
mellitus in 10, trauma and bum in 7, obstetric diseases in 6.
thrombophilia in 4, other diseases in 2, and no underlying
disease in 26, Of these patients, 184 were diagnosed with
thrombosis while 169 were not. Twenty-one of the patients
were examined after undergoing liver transplantation, and
seven were examined within 3 days after the operation, and
these patients were excluded from analysis of the cut-off
value, In the thrombotic patients, 76 patients had DVT, 37
had PE. 43 had DIC. 14 had cerebral vascular accident due
to thrombaosis (CVA). 8 had portal vein thrombosis (PVT),
and 6 had AMI or arteriosclerosis obliterans (ASO). DVT
was diagnosed with echo or venography. PE was diagnosed
either by ventilation—perfusion lung scanning, computed
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tomography (CT). or pulmonary angiography. DIC was
diagnosed by ISTH oven-DIC diagnostic criteria [10].
CVA was diagnosed by CT or magnetic resonance imaging
(MRI) and AMI was diagnosed based on the electrocar-
diogrum findings and laboratory data. ASO was diagnosed
using the ankle brachial index. For receiver operating
characteristic (ROC) analysis, the subjects consisted of
DVT, other thrombotic diseases, and non-thrombotic dis-
eases with high p-dimer levels,

The plasma concentrations of p-dimer were measured in
patients with thrombosis at onset and those without
thrombaosis at the first consultation. The same parameters
were also measured in 100 healthy volunteers (HV: mean
age 41.5 years, range 20-58 years; 47 males and 53
females).

2.2 Measurement of plasma concentrations of p-dimer

The new p-dimer assay (VIDAS p-dimer EXCLUSION,
bioMerieux, Marcy I'Etile, France) is a quantitative
ELISA method automated via a VIDAS immunoanalyzer.
The new p-dimer assay combines the two-step sandwich
immunoenzymatic method followed by final fluorescence
detection. All values higher than 10,000 ng/ml were
obtained after manual predilution (1/10) of the sample, All
values are expressed in ng/ml of fibrinogen equivalent units
(FEU),

The plasma p-dimer level was also measured by LPIA-
p-dimer (Mitsubishi Chemical Medience. Tokyo. Japan)
using a JIF23 monoclonal antibody, which recognizes the
plasmin-digested N-terminus of the y chain on the p region,
was used for latex agglutination [23].

2.3 Sutistical analysis

The data are expressed as the median (25-75% tile). Dif-
ferences between groups were examined for significunce
using Mann—-Whimey's U test, while correlations between
two varables were evaluated by Pearson’s comrelation
analysis. A P-value of less than 0.03 indicated a significant
difference. The usefulness of the p-dimer levels in the
diagnosis of thrombosis and DVT or PE was examined by
ROC analysis [24], The cut-off values were determined by
ROC analysis. All statistical analyses were performed
using the SPSS II software package (SPSS Japan, Tokyo).

3 Results

In healthy volunteers, the plasma p-dimer level was not
normally distributed with a median value of 0.12 pg/ml
using VIDAS-p-dimer and 0.28 pg/ml using LPIA-p-dimer,
The 95% confidence interval (CI) of VIDAS-p-dimer and
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LPIA-p-dimer ranged from 0.05 10 0.38 pg/ml and from 0.10
10 1.27 pg/ml. respectively. Plasma p-dimer levels as assessed
by VIDAS-p-dimer (median 25-75% tile) were significantly
higher in patients with thrombosis (5.04 pg/ml; 3.12-6.85
pg/ml). liver transplantation (3.02 pg/ml; 1.75-5.03 pg/ml),
and after surgery (2.89 pg/ml; 2.45-5.30 pg/ml) than in those
without thrombosis (0.95 pg/ml: 0.40-1.87 pg/ml P < 001,
each) (Fig la). The plasma p-dimer level as assessed by
LPIA-p-dimer was significantly higher in patients with
thrombosis (14.42 pg/ml; 8.13-26.75 pg/ml), after liver
transplantation (11.56 pg/ml: 6.45-21.88 pg/ml), and sur-
gery (8,05 pg/ml: 4.86-15.98 pg/ml) than in those without
thrombosis (1.27 pg/ml; 0.71-2.82 pg/ml) (P < 0.01, each)
(Fig. 1b). The 95% Cl in patients with thrombosis was 0.98-
26.89 pg/ml for VIDAS-p-dimer and 3.02-44.59 pg/ml for
LPIA-p-dimer.
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In each case of thrombosis, no significant difference was
observed in the VIDAS-p-dimer levels among DVT (5.05 pg/
ml; 292-6.63 pg/ml). PE (5.65 pg/ml; 3.63-9.08 pg/ml),
DIC (5.18 pg/mi: 407-7.22 pg/ml). CVA (3.36 ugml;
1.93-5.79 pg/mly, PVT (4.12 pg/ml; 2.24-9.15 pg/ml). and

AMU/ASO (3.27 pg/ml; 2.12-4.27 pg/mi)(Fig. 1a).

No significant difference was observed in the LPIA-p-
dimer levels among DVT (11.55 pg/ml: 7.10-19.40 pg/ml),
PE (16.13 pg/ml; 9.15-27.00 pg/ml). DIC (15.35 pg/ml;
8.81-26.40 pg/ml), CVA (1105 pg/ml: 6.06-17.97 pg/mb),
PVT (1207 pg/ml; 8.95-29.73 pg/ml), and AMIASO
(9.18 pg/ml; 491-10.70 pg/ml) (Fig. Ib).

ROC analysis showed the VIDAS-p-dimer levels to be
useful in the diagnosis of all thromboses (Fig. 2a) and
DVT/PE/PVT (Fig. 2b). The areas under the curves (AUC)
in all thromboses (VIDAS-p-dimer: 0.957. and LPIA-p-
dimer: 0.968) and DVT/PE/PVT (VIDAS-p-dimer: (.958,
and LPIA-p-dimer: 0.971) were significantly higher. ROC
analysis provided adequate cut-off values of the p-dimer
levels in the diagnosis of all thromboses and DVT/PE.

VIDAS-p-dimer levels were closely comrelated with
LPIA-p-dimer levels [¥ = 0491736 + 3.006X, r = 08204
(P < 0,001)] (Fg. 3).

The negative predictive value (NPV) for both VIDAS-1-
dimer and LPIA-p-dimer for all thrombosis was not 100%
at any plasma p-dimer level (Fig. 4a). In contrast. the
NPV for DVT/PE/PVT was 100% at levels of less than
0.5 pg/ml using VIDAS-p-dimer and less than 1.2 pg/ml
using LPIA-p-dimer (Fig. 4b),

4 Discussion

According to the current findings, the median value of the
plasma p-dimer level by VIDAS-p-dimer in healthy vol-
unieers was 0.12 yg/ml, and the 95% Cl was from 0.05
10 1.27 pg/ml. In a European report | 16] that used the same
p-dimer kit, the mean p-dimer level was 0.21 pg/ml. and
ranged from 0.07 to 0.49 pg/ml. The current findings are
similar to those described in the European repon.

The plasma p-dimer level was significantly higher in
patients with thrombosis and after liver transplantation and
surgery, but there was no significant difference in p-dimer
levels among patients with thrombosis, liver transplanta-
tion. and after surgery. These findings suggest that the high
plasma level of p-dimer is not just a marker of thrombosis
but also a high risk for thrombosis referred to as a hyper-
coagulable state [25], as it was reported 10 be elevated in
DVT [26, 27]. DIC (4, 28], and hyperlipidemia [29].
However, the plasma LPIA-p-dimer level was not mark-
edly higher in patients with AMI or ASO. AMI- or ASO-
related thrombosis occurred either in small vessels or
developed slowly.
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Fig. 2 ROC analysis of p-dimer levels for all thrombosis (a) or DVT/
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AUC was 0957 in VIDAS-p-dimer and 0.968 in LPIA-o-dimer. b
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VIDAS-p-dimer levels were different from LPIA-p-dimer
levels, which is frequently used in Japan; thus, LPIA-p-
dimer levels were 2- or 3-fold higher than VIDAS-p-dimer
levels. However. both p-dimer levels were significantly
higher in patients with thrombosis. ROC analysis including
the AUC also showed that both p-dimer results were useful
for the diagnosis of various thromboses such as DVT, PE,
and PVT. Both the AUC were similar. The VIDAS-p-dimer
levels were closely correlated with the LPIA-p-dimer levels,
with the latter being about 3x higher than the former.
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To maintain the 100% NPV, the cut-off value of VI-
DAS-p-dimer was 0.5 pg/ml for DVT/PE, and that of
LPIA-p-dimer was 1.2 pg/ml. In Europe and North
America, plasma p-dimer levels of less than 0.3 pg/ml are
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thought to exclude DVT/PE [ 16]. However, in Japan, the p-
dimer level is more than 0.5 pg/ml in many patients. and
this cut-off value is not useful as an NPV for DVT/PE in
Jupan [30], especially because p-dimer kits, which are
frequently used in Japan, tend to have a wide normal range
(about 0.3-2.5 pg/ml; [4]).

A high false positive rate for p-dimer can potentially
result in an increase in pulmonary vascular imaging.
increased length of stay in overcrowded emergency
departments, and an increased rate of false-positive diag-
noses of DVT or PE [31]. Therefore, the cut-off values of
LPIA-p-dimer for thrombosis should be more than the 95%
Cl1 of healthy volunteers (1.27 pg/ml). However. the cut-
off value of VIDAS for NPV was the same as that in
European countries (0.5 pg/ml). Although, Japanese phy-
sicians trust the 0.5 pg/ml cut-off value as the NPV 1o
exclude DVT or PE, when they are using LPIA-p-dimer, an
adequate cut-off value still needs to be established for the
p-dimer assay.

In conclusion. these findings suggest that a high plasma
level of p-dimer. known as a reliable marker for a hyper-
coagulable state, indicates a high risk of thrombosis, and is
especially useful as an NPV; however, each p-dimer
requires a specific cut-off value.
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A functional SNP in EDGZ2 increases susceptibility
to knee osteoarthritis in Japanese

Hideyuki Mototani'4, Aritoshi lida?, Masahiro Nakajima', Tatsuya Furuichi’, Yoshinari
Miyamoto', Tatsuhiko Tsunoda®, Akihiro Sudo®, Akihiro Kotani’, Atsumasa Uchida®,
Kouichi Ozaki?, Yoshiya Tanaka®, Yusuke Nakamura??, Toshihiro Tanaka?,

Kohei Notoya* and Shiro Ikegawa'"

*Laboratory for Bone and Joint Diseases, “Laboratory for Pharmacogenetics, *Laboratory for Cardiovascular
Diseases, RIKEN SNP Research Center, 4-6-1 Shirokanedai, Minato-ku, Tokyo 108-8639, Japan, *Pharmacology
Research Laboratories |, Pharmaceutical Research Division, Takada Pharmaceutical Company Limited, 17-85,
Juschonmachi 2-chome, Yodogawa-ku, Osaka 532-8686, Japan, *Laboratory for Medical Informatics, RIKEN SNP
Research Center, 1-7-22 Suehirocho, Tsurumi-ku, Yokchama 230-0045, Japan, ®Department of Orthopaedic Surgery,
Mie University Faculty of Medicine, 2-174 Edobashi, Tsu, Mie 514-8507, Japan, "Depariment of Orthopaedic Surgery,
Kyorin University, School of Medicine, 6-20-2 Shinkawa, Mitaka, Tokyo 181-8611, Japan, 8First Department of Internal
Medicine, University of Occupational and Environmental Health, School of Medicine, 1-1 Iseigaoka, Yahatanishi-ku,
Kitakyushu, Fukuoka 807-8555, Japan and ®Laboratory of Molecular Medicine, Human Genome Center, Institute of
Medical Science, The University of Tokyo, 4-6-1 Shirokanedal, Minato-ku, Tokyo 108-8639, Japan

Received November 19, 2007, Revised and Accepled March 4, 2008

Osteoarthritis (OA) is the most common form of arthritis and is characterized by the gradual loss of articular
cartilage. Several OA-susceptibility genes have been identified; however, there are few pharmaceutical tar-
gets that can be targeted with small-molecule compounds. To investigate whether a susceptibility gene for
OA exists among G-protein-coupled receptors (GPCRs), we performed a stepwise association study for
167 single nucleotide polymorphisms (SNPs) in 44 GPCR genes that were present in cartilage. Through
the stepwise association study, an SNP located in the promoter region of EDG2 [endothelial differentiation,
lysophosphatidic acid (LPA) GPCR, 2] (—2,820G/A; rs10980705) showed significant association with knee OA
in two independent populations (pooled P = 2.6 x 10" °). Luciferase and electrophoretic mobility shift assays
indicate that this SNP exerts an allelic difference on transcriptional activity and DNA binding in synovial cells,
with the susceptibility allele showing increased activity and binding. EDG2 encodes an LPA receptor domi-
nantly expressed in the synovium. The LPA receptor increased the expression of inflammatory cytokines and
matrix metalloproteases In synovial cells. Our findings suggest that the LPA-EDG2 signal is involved in the
pathogenesis of OA via catabolic process.

pharmaceutical options such as oral analgesics, topical steroids
and hyaluronan (3). Development of innovative drugs has long

INTRODUCTION

Osteoarthritis (OA. MIM 1635720) is the most common form of
arthritis and is characterized by the gradual loss of articular
cartilage. It causes pain and dysfuncrion of joinis, and is
becoming a major burden on the aging society (1,2). Millions
of people are suffering from this disease, however, there

is no good medical treatment for it. We have only a few

been awaited, Searching for drug target molecules in the
genome is a promising approach.

Epidemiological and genetic studies have shown that OA
has a genetic component (4.5). ldentification of discase-
susceptibility genes brings us not only a better understanding
of the pathogenesis of OA. but also new therapeutic targets.
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Several OA-susceptibility genes have been identified (6);
however, there are few pharmaceutical targets that can be tar-
geted with small-molecule compounds. Currently, a huge gap
exists between the identification of susceptibility genes and the
finding of “druggable’ targets.

The seven transmembrane G-protein-coupled receptor
(GPCR) familics have been considered a good druggable
target because >30% of marketed drugs interact with GPCRs
(7). To move on to the final goal of drug invention efficiently
and swiftly, we planed to search susceptibility genes for OA
among GPCRs. In this study, we found that an SNP located on
the promoter region of EDG2 [endothelial differentiation, lyso-
phosphatidic acid (LPA) GPCR, 2] was associated with knee
OA by stepwise association study. Functional analysis revealed
that the OA susceptibility allele increased its promoter activiry.
Furthermore, we found LPA-EDG2 signal induced inflamma-
tory cytokine and matrix metalloproteases (MMPs) gene in
synovial cells. Therefore, our findings bring a novel therapeutic
target for OA treatment.

RESULTS

Identification of landmark SNP that associate
with knee OA

We first selected 64 GPCR candidates expressed in the carti-
lage as determined by micro-amay analysis (data not shown),
Among these, we genotyped 167 SNPs for 44 genes selected
as described in Matenals and Methods (Supplementary
Material, Table S1). We then examined the association
between these SNPs and knee OA using 368 individuals
with knee OA and 323 controls. Among 167 SNPs, 160
SNPs were polymorphic, and 155 of these were in Hardy -
Weinberg equilibrium. Comparison of genotypic and allelic
frequencies for these 155 SNPs (the first screen) showed a sig-
nificant association (P < 0.05) for 13 SNPs. To confirm the
association, we genotyped these 13 SNPs in an independent
case—control population comprising 276 individuals with
knee OA and 654 controls (the second screen). Finally, we
found only one SNP (rs3739708) showed a significant associ-
ation in a recessive model in two independent populations
(Supplementary Material, Table $2).

Linkage disequilibrium mapping and identification
of OA susceptibility SNP

To localize the susceptibility gene, we evaluated the linkage
disequilibrium (LD) extension with the landmark SNP. We
genotyped 368 individuals with knee OA for SNPs in the
800 kb region around rs3739708 and examined the LD index
(L) between rs3739708 and SNPs that had allele frequencies
=>10%. [Y scores were decreased at rs11794726 (D = 0.69)
and rs12353088 (D' = 0.40), which are located 35kb
upstream and 10 kb downstream of rs3739708, respectively
(Supplementary Material, Fig. S1A), limiting the LD exten-
sion with rs3739708 to a 45 kb region.

To identify a disease-causing variation, we first re-sequenced
this 45 kb region, except for repetitive genomic sequences, in 48
individuals with knee OA. We identified a total of 27 poly-
morphisms (Supplementary Material, Fig. SIB, Table 83). We
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genotyped these 27 polymorphisms in individuals with knee
OA used in the first screen, and constructed a pairwise LD struc-
ture using polymorphisms having allele frequencies >10%
(Supplementary Material, Fig. SI1C). These polymorphisms
had high D' scores ( >0.9), indicating that discasc-causing vari-
ations could exist among these 27 polymorphisms. We next
examined the association of all of 27 polymorphisms using
644 knee OA patients and 640 controls. We identified three
SNPs that had an association more significant than rs3739708
(1-EDG2-25) in the recessive model (Table 1). Moreover, we
examined haplotypes based on the 13 SNPs having allele fre-
quencies >10% within the 45 kb region. Eight haplotypes
with frequencies > 1% represented >95% of both case and
control populations. The haplotype association was much less
significant than that of the landmark SNP alone {Supplementary
Material, Table $4). Thus, the presence ofa hidden ungenotyped
sequence variation is unlikely, We then tested the association of
the three SNPs and 1-EDG2-25 in resident-cohort populations.
The association of EDG2 with knee OA was reproduced in the
independent  populations: three SNPs, i-EDG2-9 and -12
located on the §'-flanking sequence and i-EDG2-25 located on
the intron 1 of EDG2, showed significant association (Table 2).

Because 1-EDG2-9 showed higher association and odds
ratio than i-EDG2-12 and 25, we considered i-EDG2-9 10 be
the disease-causing SNP. The homozygotic A allele was over-
represented in the knee OA population. The final P-value for
the association of the SNP was calculated as 2.6 x 10°°
(odds ratio = 2.3; 95% Cl1=1.6-33) by using a Mantel-
Haenszel analysis on two independent populations (case-
control and resident-cohort populations), which was stll
significant after conservative Bonferroni’s correction (using
the number of SNPs in first screen, 153 tests).

We checked the effects of confounding factors such as age
and body mass index (BMI) to evaluate whether they could
make a pseudo-positive association. There was no significant
difference in mean age or BMI for the SNP i-EDG2-9 (Sup-
plementary Material, Table S5),

To gain imsight into the role of EDG2 in OA, we analyzed
its expression in cartilage and synovium from knee OA
patients by quantitative real-time PCR  (Supplementary
Material, Fig. 52). EDG2 expression was significantly higher
in the synovium than in the cartilage. EDG2 is an LPA recep-
tor. There are five identified LPA receptors in mammals
(EDG2, EDG4, EDG?, GPR23 and GPR92). LPA receptors
are involved in various cellular functions such as cell survival,
proliferation and migration thorough binding its intrinsic
ligand, LPA (8). EDG2 expression in the synovium was
higher than that of other LPA receptors (Supplementary
Material, Fig. S2). These results suggest that EDG2 is a criti-
cal LPA receptor in the synovium.

Functional analysis of susceptibility SNP

i-EDG2-9 is located in a putative promoter region (2,820 bp
upstream of the transcription start site) and is located immedi-
ately after a putative AP-1 binding motif (TGAGCTA),
Therefore, we hypothesized that i-EDG2-9 may alter EDG2
transcriptional activity. We transiently transfected a synovial
cell line E11 (9) with vectors containing five tandem copies
of the sequences surrounding i-£DG2-9 coupled to a luciferase



