HE4£2E (1. Jpn. Orthop. Assoc.) 83 (12) 2009

3 EFRERRAE(2) & R RRBIEE (b) O BERSAT
R EREBEEE CR¥EARCESHREOELE 2D
5.

ERETLI LD, EROEENE SN D LB
TELBEPLIOHEETH 5. OA k> BB
& 0 BEEIAESSER EFh LT, BRERSIR TR
B EGUNCARFEIEMTONB Z L b b 58, TRHE
FIRBEET 270, 2OMRIBENTH 5.

2) MEiFzvy

REE, REMRD & TRECEEER E X HER
Ti<, FEESRORERZ BB LERSETDH
5 RS 5. Ml BM X BT, MRI
(magnetic resonance imaging) % TR E, ¥ 8
R, BEZ E OB AORERZIEEL, R
FHEEOEROERETH 5 = L 2T 5.

3) FHih

BHEAES X UABIBRER— 5 L & ) ERET
5. ¥ THSSER T CEEEREORESERT 2.
1B B R E 7 OB R > TV B

— 995 —

SRR INEFENT 2. LAREF®ELTHWE I R
L, BENESIC BT s EIRAIIE T Iz - Tz
WIGER, BENET 5. BEREORSEE R
DB5IEbH0Y, TRHHLERNRTF IR Tuky
BERKET 5. BEVREZTIHECREEHY ~—
N=PERTHEH, AIMIOBEREA OBETIRR
WEEOR—I AT o 3L vwoT, LEY
BRICHR-IVEEBIITSE. v4 20750 F v —
RV VT, AR Y ETOSER I h 8
e 25, AECEFERIRERT 5.
2. BHEEBEBYY MW
(high tibial osteotomy, HTO)

ARE O OA KN L CTREPEETEYY 2175
TThE2FE0EZ 4R L, BREENEEcb 32WE
EROT 5Lk, FEROBRERS b DOTHS
(B 4). A& DITBEES R & n - BEEANAE
MOMEBOEENEONI LT 2HELD 5.

1) # W

A2 > b A b OFEFLE LIeRRE D
OA ¢, #Mila »i—+ X v RBEEABEHOER
BEIEL RO DONIWEGETH 2. ZELWERE
HIRPBEFELO D 2 EFIRES SRS 1o, i
ZREHHREOEBESBS LN LT AHBERDL LD
O, WEEELEZL I LNTELENTHY, FHES
WIXFAREEMZ v iz OA OIREMRIBET
iz, BT~ ALEARIEI i b EWE 2
WETHY, EEME AL RN LI  WiES

4 FHUREEY Y i(closed wedge osteoto-
my). BEPESCHMEEL LT 2=ABORE
PUBRL TR E"S.




— 996 —

KL THHEIGEINBZ e85, 77, BN
MR 2 EBEERNEH T 558121 joint débride-
ment 2GFHT2Z L b5 5.

2) I F v o

TREE, BERRD S A EERNH 2 - L 21
BT 5. WENCEM X BB O 3 FRZ TR L,
TR B (6D EEG 2R L, WER OB
REROBREEERLLT, BYIDAEREEL TS
. BEBFERONRA(FTA, femoro-tibial an-
gle) #5HHl 9 5. EETHOFTA R 173HIBCTH 2
B, WER L DIMlcEM 3oL b, hiBoBERN
RoueerER LT, FTA: 167-8EEL2E 0 E
BAELT2IEMN% W, i, TRETHNIE MRI
FCHEMEE, FAR, WEL L oBERkORE
LIEEL THL.

3) FMiAEk

SR EL L 3 3 =AOBH 2V L iR %
% closed wedge osteotomy & KFEEEID 21T
Tk, PR R ELE T 2 =2AROBE $7-3ATE
EBAEL TSR 2R % open wedge osteotomy, TEMHE
POHTF —ALBITEYID 2170, BERAEHE B
& ¥ % dome osteotomy #3H 599, F7-, KB EBEY
DT BIHI>T, BFEOBYIY bRRCES 528,
RS PE OHRECCTEYID ¥ 5 Hk, PR 1/3CE
VI3 2058 EEENPES 2R st end
5.

H¥<5E (J. Jpn. Orthop. Assoc.) 83 (12) 2009

Closed wedge osteotomy 3 % Uf open wedge os-
teotomy X RN FHBNASTH Y, HKADa
Yha—B LR TV ERERTHS. Lo,
closed wedge osteotomy Tk, BEBEHI/MIEOE A
PELBZ L, BEREMIIRIDTVI L, B
HOIMUE DI B E B Wiz, BEISEEL <,
JEB OFRAERDSFHEER I 00 U IAA THEAR 1272 D 9
v, REDREND%. Open wedge osteotomy Tid,
B OBYID 2B RIS 2 KH, K&2EE
BEELWZ b, BRI BERIT R DT n e
L, BEBEMLICRDDT VI L, BREPBHET 2

BACEEES 3 I LR EBRETHE. — 7,

dome osteotomy BT Y BT Mo, Wit
R T 2RITND 52, FIHFFEs s L
WZk, BECAPEERET 2 I eB8Bn iy
BRETHS.

BB OB D IR TIT> 1B Y, SHE RS
L2 BEFEAMRIBESE CIz L kB, BEDOEY
D EROL & BN 2 B YD SO SRR OTSENIERAR & <
h. ¥z, BEPFEPERCEESLC BREOF
BWEPRETLZ L2270, HEEBEDOES
BUIRRT 3 Z 53580,

3. ATBEAE Bl

OA T X VFREEL 1-BAEE 2 VIR L ¢, ATHTE
EHZ 2FWTH L. BREHONME - 3sMEla v
— M XY P DOBT LTI BT 5 BB
(unicompartmental knee arthroplasty, UKA, 5)

—PAVMETEREET 5.

5 BEEERN(UKA IR OBMXBATR. RBsOREa /e

—(22)—




|

HZE£EE (J. Jpn. Orthop. Assoc.) 83 (12) 2009

6 & ATRREAEERAIT (TKA) B O WIRAK
R RELIKIRE, BE, HEEHAEEY
BRLA 7Ty kBT 5.

ETAD 8= 2 EEERBRESOT~RTCE
BT 2 £EHIT (total knee arthroplasty, TKA,
6, NHH 5% KREEHERSE, BELrEEEH
HEEESFRYZF Vv TBEHZ 250850
M, T Iy IR EDEM BRI TWS. DA
LBREHLZOLORERT 2720, BRESHEEN
3, BRECE > TRBEOASRFHRTHY,
Fold, R ATEH OB A % ¥ OSHERr+5
BEBSBRETH .

D#E S
OAR L ZHEHEORENE L, BEEEHD
FN TR T LEIRIB LN RN EARERT 2. &

EOANKERLERER, ELwERE, w8

ROFAFIZ EWWHLTS, 88584 TY 300
BEiRERO 7oy 2 2 E8RE s w3 BN
B ATEEiOBAMBMEL 2 507T, FHMELE
BERBGPEECRET 2. $-EBROAS 2F 6
THY, 2EWC S T HEMEREO AL T
REECHEC2RET 2. UKA 336 il -
EHMBIZ V8= b R 2 F W TR 2T OZ b
BMOBTICENT 5. ARBESOBERB AU,
OA R ¥ifima v /s— 1 2 ¥ N QT ESERLEE S »
%<, ROBEIGTH 5.

2) WEIF v
JREE, BEMRE» SBHEEBIC X 2 BEEESHED

— 997 —

7T SATEBHELN (TKA) RO S XSRS, &
B, BEBITRTOBHESA 77 v MBS T»w 3.

EEERE PR T 5. Bl X i3 TRAEER (L6
EHE&LEREL, NAUMEERROMIMLORE, BF
NHESHOBRGEE 2T, KRES L UVRE
OBEVIYBERHBLTE . E-ELLERESPE
B ERd 2ERTR, BRIEOFTER vy 7 PEE
RERAT L EEFEICEFELCEELTE L.

3) FHIHE

WY, EEENAEETRTEATS. 2hAThD
ATEEEROBYIY 44 PR shTBY, <
nERCURIICETEL 8D KRS & REREME
DOEYVID 2D 5. BERIERT 25 Lzwh
BB, BERTIEBETIETY 2T, Laxnis
BRRBHROVRELTS. ERELETYMNETL,
BEERON T Y ADENK S, 4 V75V F B BA
T35 AYTIVNOBRERE LAY N EAVLEA
L, VA7 49, TROVEERET 2 HESD
5. %7, B, FES—YarvyRAFALERWVT,
L DIEREBYID 2175 54 (H8) %, KB
BRI A DB S T % 292 0/&  FHPEF 5 8/
REEA TRRBIS B (minimally invasive surgery-
TKA, MIS-TKA, B 9)% »Bas s, BRGEEsR
T3,

Eb Y

ERHREBEE RS T T 2 L BEEECLEBE
2L b KEPHFSEBREDLOTERBTH




— 998 — HI¥4E% (J. Jpn. Orthop. Assoc.) 83 (12) 2009

8 FUYT—v =Rl BRBETE RN (RREERIT (2 AT
TKA). BUID 44 F B LOMOBE L ERMICRTTE 5.

LB 7 v — M REHER— B84 2007, 81:
585-9,

2) Yen YM, Cascio B, O'Brien L, et al. Treatment
of osteoarthritis of the knee with microfracture
and rehabilitation. Med Sci Sports Exerc 2008; 40
200-5,

3) Moriya H, Sasho T, Sano S, et al. Arthroscopic
posteromedial release for ostecarthritic knees
with flexion contracture. Arthroscopy 2004; 20:
1030-9.

4) THEAT, BEFEA. BETAXSLEEEY .
HTO. #7 OS NOW. 24 BBAEisAE —FWHiFERO

= V TAC, EFRFRME. BEE  Medical View #;

9 BU/IMRELA TIBAEE T (MIS-TKA) o & 4] 2004. p.76-82.

B, 7-10 e 2R O K YRR C RO ETRE T 5. 5) HERFH. ¥ —LR. HTO. # OS NOW. 24 e

_ HiSNB —FRFREO T~ SREEMET =
X : Medical View % ; 2004. p.64-8.
6) TAE RMEEATEEEENN. TKA. ¥70S

D, RTEZDTHNE, BRI RETHS. Ly NOW. 24 BEISHE —FHEROT~T, 24

U, FIERRRS 22 22 b5 2D, Fiific SEZLAAR. R Medical View #t; 2004. p.121-7.

k320w hEFRY w hOpEEIBIR L OB R R 7) REFER, MRz, BEER A TREIEE R
Uy ET Ay P RRRIRL Ol — 8 L R —, AU SOER ; 2005,

DB EWKYITH .

8) BHEX, BAFE, KABb. AITHBEGLE
B39 C4 ~y 3 v v 2 FADORH. B

¥ - 2003; 28: 76-9.
9) MAFH, KBHEEE, MIGE—BM KERYESR
1) FUEEEE, tRE=, ek, SRumEgmn:e #ﬁ)\:{:}}ﬁ%ﬁ'ﬁ—%m&%ﬁtﬁnﬁﬁﬁ BERAR
R 5 FHUERE L BE 10 B 3 FHREER 2006; 57: 84-8.

DR —HABRIBIZ W ETHEER e -




The Journal of Arthroplasty Vol, 25 No. 3 2010

Case Report

Double-Concave Deformity
of the Polyethylene Tibial Post in
Posterior Stabilized Total Knee Arthroplasty

Yasuo Niki, MD,* Hideo Matsumoto, MD,* Fumihiro Yoshimine, MD, }
Yoshiaki Toyama, MD, * Yasunori Suda, MD,* and Scott A. Banks, PhD}

Abstract: This report describes a unique case of bilateral total knee arthroplasty necessitating
revision of the polyethylene insert, which showed prominent marks on the tibial post resulting
from repeated seiza-style sitting. The patient presented 7 years postoperatively with knee pain and
flexion disturbance due to continuous joint effusion persisting for more than 4 months.
Proliferating synovia throughout the joint revealed reactive synovitis to polyethylene particles,
The retrieved polyethylene inserts displayed double-concave deformity of the tibial post with
burnishing and creep in tibiofemoral articulation. The damage pattern of retrieved polyethylene
inserts veflected the data from tibiofemoral contact location obtained using a shape-matching
technique in the early postoperative phase. This case provides an example of damage to the
polyethylene tibial post caused by a floor-sitting lifestyle and the potential clinical sequelae.
Keywords: total knee arthroplasty, deep flexion, polyethylene insert, tibial post,. floor-sitting

lifestyle, shape matching.
© 2010 Elsevier Inc. All rights reserved.

With increasing progress in surgical techniques, implant
design, and biomaterials, the ability to achieve greater
than 145° of deep flexion is increasingly requested by
patients. undergoing total knee arthroplasty (TKA),
patticularly in Asian and Middle Eastern countries. In
the late 1990s, several manufacturers developed
implants with a high-flex knee design; however, the
safety -of very deep flexion and the effects of this
activity on implant longevity remain unclear. Herein,
we report the case of a 69-year—old man for whom
Japanese seiza-style sitting was an important activity of
daily living after bilateral TKA. At 7 years postopera-
tively, the patient presented with persistent joint
effusion of both knees, for which revision of the
polyethylene inserts alone resulted in complete recov-
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ery. In fact, knee kinematics of the patient during seiza-
style sitting had been analyzed in the early post-
operative phase using model-based shape-matching
techniques. The damage pattern of retrieved polyethy-
lene inserts reflected these shape-matching data, pro-
viding valuable information on the long-term effects of
seiza-style sitting,

Case Report

A 63-year-old man underwent bilateral primary TKA
with the Stryker Scorpic posterior-stabilized knee
system (Stryker Orthopaedics, Mahwah, NJ) in 2000.
He recovered without any complications and returned
to his original floor-sitting lifestyle, often participating
in the tea ceremony, which requires knee flexion
greater than 145°. At 3 months postoperatively, routine
bilateral radiographs were obtained with the patient in
the seiza {(Japanese-style) sitting posture. Tibiofemoral
orientation and contact/separation of the articular
surfaces were determined using model-based shape-
matching techniques, as previously reported [1]. Briefly,
fluoroscopic images were digitized and corrected for
static optical distortion. The implant surface model was
projected onto the geometry-corrected image, and the
3-dimensional pose was adjusted to match the sithou-
ette of the model to that of the TKA implants in the
subject. The results of shape-matching analysis revealed
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subtle articular surface separation occurring in the
lateral tibiofemoral articulation of both knees, whereas
cam/post and medial tibiofemoral articulation showed
substantial contact in both knees (Fig. 1), Internal
rotation of the tibia during seiza-style sitting was 9.5°
for the right knee and 13.8° for the left knee, indicating
minimum risk of posterior condylar subluxation. Seven
years postoperatively, the patient presented with
bilateral knee joint elfusion, limiting deep flexion of
the knees and disturbing his lifestyle. Laboratory testing
showed negative results for inflammatory markers
suggestive of deep infection, such as C-reactive protein
or erythrocyte sedimentation rate, although aspiration
of clear yellowish joint fluid indicated a paucity of
active inflammatory cells migrating into the joint,
According to radiography, metal components were
well positioned with no signs of osteolysis or loosening;
but joint spaces appeared slightly narrowed, suggesting
polyethylene insert wear or creep (Fig. 2).

Joint effusion persisted for 4 months and was
considered to be caused by reactive synovitis to wear
particles from polyethylene. As metal components were
well positioned, only the polyethylene inserts were
revised to thicker inserts, bilaterally. Intraoperatively,
synovial tissues proliferating throughout the joints were
extensively excised. Pathologic findings revealed poly-
ethylene particles surrounded by foreign body giant
cells in places in synovia with villous phenotype (Fig,
3). Both retrieved inserts displayed burnishing and
dimensional changes (Fig. 4A), which have been
reported in 30% of retrievals of this type [2]. The

Fig. 2. Radiographs at 7 years postopératively, suggesting
polyethylene insert wear or creep.

Left

Cum-Post distance -)* Q)

Disengagement

(med/lat) [mm] (-3/099 (/021

Internal tibial rotation

{degrees] 13.8 9.52

#(-), below the lower detection limit

Fig. 1. Shape-matching data ol seiza-style sitting 3 months after TKA. Left radiographs show 3-dimensional position and orientation
of the implant as measured by model-based shape-matching techniques. Right table shows articular surface separation and rotation

between polycthylene insert and femoral component.
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Fig. 3, Synovial granuloma tissue retrieved from the joint capsule

A). Polyethylene wear particles are present throughout the
g

retrieved synovial tissues. Arrows indicate polyethylene particles encapsulated by foreign body giant cells (B).

area of dimensional change was identical to the contact
position ot femoral condyles defined by earlier shape-
matching investigations' (data not shown). Minor wear
of the top of the post was observed, representing a
finding that is reportedly unique to an open-box design
and resulting from cement extrusion into thé box (Fig.
4B}, Prominent findings were a double-concave defor-
mation of the post, suggestive of gradually accumulated
dimensional changes: resulting from cam/post contact
{Fig. 4Cy. The upper concave surface may have resulted
from seiza-style sitting ‘with the knee in greater than
145° of Hlexion, whereas the lower concave surface may
have occurred with 60° to 145° flexion. At the 6-month
follow-up after insert replacement, joint effusion had
disappeared; and the patient had returned to a floor-

ist
-
coneavel

2nd

+
coneavy

Fig. 4. Polyethylene insert refricved 7 years posioperatively:
Tibiofemoral surfaces display burnishing and dimensional
change (ie, creep) (A). Polyethylene post shows abrasion on
the top (B) and double-concave deformation in the posterior
part suggestive of marking from cam/post contact {C). Sche-
matic representation clearly shows 2 distinct concave surfaces
{C, right panel).

sitting lifestyle. Clinical scoring according to the Hospital
for Special Surgery score had improved from 58 to 95,

Discussion

An earlier study proposed 2 potential risks associated
with very deep Ilexion for the same type of implants used
in the present patient [3]. First, large tibial rotation in
deep flexion might cause the lateral condyle to overleap
the posterior border of the polyethylene insert, leading to
breakage of the posterior rim. Fortunately, this did not
occur in the present patient, as the tibiofemoral contact
position ‘was located anteriorly and internal rotation of
the tibia was small. Second, the tibiofemoral articulating
surface reportedly separates in more than half of knees at
flexion greater than 130°, whereas the cam/post remains
in contact even at flexion greater than 130° in most
patients |3]. Theoretically, cam/post contact during seiza-
style sitting might increase the risk of post breakage
because the site of concave delormation is moving to the
upper part of the post with increasing flexion of the knee.
This might arguably represent a limitation of posterior
cruciate ligament-sacrificing prostheses with a cam/post
design facing the risk of post wear or breakage during
seiza-style sitting.
Deeply flexed postures increase the risk of polyethylene
wear, as tibiofemoral contact occiirs at the superior aspect
of the femoral condyles in very deep flexion, where
contact areas are small. Although histopathology of
proliferative synovia revealed substantial numbers of
polyethylene particles surrounded by foreign body giant
cells, pathologic associations between these particles and
continuous joint effusion remained. unclear because a
7-year=old well-functioning TKA will inevitably present
with certain amounis of wear particles within peripros-
thetic granulation tissue and surrounding synovia, How-
ever, we have previously encountered a case involving a
highly damaged polyethylene insert presenting with
wear particle~induced synovitis and continuous joint
effusion, ultimately developing gigantic popliteal synovial
cyst {4]. I such a case were left untreated, accumulation
of inflammatory cytokines in joint fluid and increased
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intraarticular pressure might resuit in loosening of the
prosthesis via periprosthetic osteolysis. In the present
case, given that polyethylene insert revision alone soon
resulted in the resolution of the joint effusion and
limitation of deep flexion, we believe that joint effusion
was at least partially attributable to wear particle~-induced
synovitis.

The risk of wear or fracture of the post has already been
highlighted in posterior stabilized implants with an open-
box design, Anterior post impingement to the femoral
notch occurs with the knce in extension and occasionally
causes fracture of the post. This type of impingement has
been thoroughbly investigated and implicated in increased
tibial slope and/or flexed position of the femoral
component {5-7}. Conversely, posterior post impinge-
ment to the cam reportedly occurs at knee flexion greater
than 80° [8], theoretically contributing to the generation
of wear particles and/or damage to the post, as a past in
vitrto experiment showed that cam/post contact force
increases with increasing knee flexion |9]. To the best of
our knowledge, no previous studies have suggested that
very deep flexion can cause post fracture; however, the
present case illustrates that repeated very deep flexion,
such as in seiza-style sitting, may potentiate the risk of
post wear and breakage. Future designs for posterior
stabilized mechanisms should be awaited to ensure a sale
floor-sitting lifestyle, particularly for use in Asian and
Middle Eastern countries,

9.
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Abstract

Background, Recent advances in the understanding of blood
coagulation processes favor an inflammatory basis for throm-
botic events. In this study, thrombotic risk after total knee
arthroplasty (TKA) was assessed and compared between
patients with rhenmatoid arthritis (RA) and those with osteo-
arthritis (OA).

Methods. Subjects comprised 199 patients (238 knees) with
RA and 156 patients (169 knees) with OA. Serum D-dimer
levels were measured before and after the operation, Low-
dose unfractionated heparin was given for 7 days when patients
had a history of previous venous thromboembolism or had a
D-dinier level or 210 pg/ml of D-dimicr on postoperative day
1. Doppler ultrasonography (DUS) was routinely performed
preoperatively and on postoperative day (POD) 7 for diagnos-
ing a deep venous thrombosis (DVT),

Results. D-dimer levels on PODs 0, 1, and 7 were, respec-
tively, 4.6, 37.2, and 11.2 pg/ml for RA and 1.8, 42.3, and
13:6 pg/ml for OA. The incidence of DUS-confirmed DVT
was 20.6% in the RA group and 43.2% in the OA group,
indicating a much higher incidence of postoperative DVT in
OA patients (P < 0.001). Interestingly, when patients taking
nonsteroidal antiinflammatory drugs (NSAIDs) or those >65
years of age were excluded, the incidence of DVT was com-
parable in the RA and OA groups. Symptomatic pulmonary
embolism and DVT occurred in two and one OA patients and
in one and two RA patients, respectively, with one post-
discharge DVT included in each group.

Conclusions. The present study revealed that the incidence
of DVT following TK A was significantly lower in RA patients
than in those with OA. However, when the patients were
matched for age and NSATID use, the incidence of DVT was
equivalent in the two groups. These findings may allow us to
reconsider a prophylactic regimen for venous thromboembo-
lism in paticnts with RA,
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Introduction

Venous thromboembolism (VTE) is a potentially life-
threatening complication in patients undergoing total
hip arthroplasty (THA) or total knee arthroplasty
(TKA). VTE clinically incorporates signs and symp-
toms of two interrelated but distinet clinical conditions:
deep vein thrombosis (DVT) and pulmonary embolism
(PE). The seventh American College of Chest Physi-
cians (ACCP) guidelines for VTE,! which are widely
accepted evidence-based guidelines concerning the use
of VTE prophylaxis, define THA and TKA as having
the highést risk of postoperdtive VTE. The incidence of
VTE has so far been considered lower in Japan than in
Europe or North Anierica, and VTE has been underdi-
agnosed and undertreated over the past three decades.
However, the incidence is currently increasing and has
reached 22.6% for THA and 48.6% for TKA,” resulting

_in increased awareness of the need for VTE prophylaxis

in Asian countries.

To date, various risk factors predisposing to VTE have
been identified and can be applied to the screening of
patients for increased VTE risk prior to surgery.’ These
proven factors comprise heart failure, obesity, age
>75 years, history of VTE, varicose veins in the lower
extremities, and estrogen therapy; they also include
certain inflammatory states, such as certain neoplasms,*
inflammatory bowel disease,*” and septicemia.*’

At present, joint arthroplasty is a promising surgical
intervention applicable to patients with several inflam-
matory arthritides, such as rheumatoid arthritis (RA),
ankylosing spondylitis, and psoriatic arthritis, Indeed,
these inflammatory arthritides account for a substantial
proportion of the primary reasons for performing joint
arthroplasty. However, whether inflammatory arthritis
is a potential candidate predisposing patients to post-
operative VTE reniains controversial,

In fact, confradictory results on the association
between RA and VTE have been reported in the litera-
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ture. The main scenarios supporting accelerated throm-
bosis in RA patients show that active RA exhibits
hypercoagulability with reduced fibrinolysis" and ele-
vated levels of autoantibodies such as anfi-cardiolipin
antibodies and anti-phospholipid antibodies."™" Con-
versely, reports advocating a lower thrombotic risk in
RA patients have noted that frequent administration
of nonsteroidal antiinflammatory drugs (NSAIDs),
younger age distribution, and lower body mass index
(BMI) in RA patients may decrease the incidence of
VTE.*" The present study assessed and compared
thrombotic risk after TKA between patients with RA
and those with noninflammatory arthritis, osteoarthritis
(OA), to clarify whether RA represents a predisposing
factor to VTE following joint arthroplasty.

Materials and methods

Patient characteristics

A consecutive series of 425 knees from 373 patients who
underwent primary TKA between October 2003 and
June 2007 were enrolled. Among them, 18 knees from
18 patients were excluded from the study for the follow-
ing reasons: Anticoagulation prophylaxis was contrain-
dicated in eight patients owing to the presence of high
bleeding risk or renal impairment; three refused routine
anticoagulation therapy; and seven refused postopera-
tive laboratory testing on a routine basis as required by
the study protocol. As a result, the RA group comprised
238 knees from 199 patients, and the OA group com-
prised 169 knees from 156 patients.

Patient demographic characteristics in the two groups
are shown in Table 1, The mean age at the time of TKA
was 59.9 years (range 25-84 years) in the RA group and
74.2 years (range 40-88 years) in the OA group. The
risk of VTE in each patient was individually assessed
based on the presence of proven risk factors, as follows:
heart failure; obesity (BMI 2 30); age >75 years; history
of VTE, varicose veins in the lower extremities; use of
estrogen therapy; use of warfarin; specific disease condi-
tions including diabetes mellitus, neoplasm, and inflam-
matory bowel disease. The mean number of risk factors
per patient was 1.06 for the RA group and 1.79 for the
OA group, indicating a significantly higher VTE risk in
the OA group than in the RA group.

As blood rheological properties are closely related to
venous circulation and potentially affect susceptibility
to VTE, preoperative levels of hemoglobin and hema-
tocrit were measured. The mean values of hemoglobin
and hematocrit were, respectively, 12.3 g/dl and 35.3%
in the OA group and 11.3 g/dl and 32.5% in the RA
group. There was no statistically difference between the
two groups (Table 1).
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Regarding preoperative oral administration of
NSAIDs, in the RA group, 131 patients used NSAIDs
daily, 24 patients used them on demand, and 44 patients
did not use NSAIDs. In contrast, in the OA group, 9
patients used NSAIDs daily, 44 patients used them on
demand, and 103 patients did not use NSAIDs. Anti-
tumor necrosis factor (TNF) inhibitors were adminis-
tered to 16 patients in the RA group (etanercept,
n = 4; infliximab, » = 12) and no patients in the OA
group.

As patient age, BMI, frequency of NSAID use, and
number of risk factors at the time of TKA differed sig-
nificantly between the RA and OA groups {Table 1),
patients taking NSAIDs and those <65 years of age
were excluded from each group, and statistical analyses
were performed again. These exclusions were made
because the use of NSAIDs and patient age reportedly
affect the incidence of VTE." Demographic data for the
two groups after these adjustments were made are
shown in Table 2.

The study was approved by the institutional human
subjective research committee, and informed consent
was obtained from all patients participating in-the
study.

Antithrombotic protocol

Serum D-dimer levels were measured on postoperative
days (PODs) 0, 1, and 7. When patients displayed a4 D-
dimer level of >10 ug/ml on POD 1, low-dose unfrac-
tionated heparin (LDUH) (5000 units) was given
subcutaneously three times a day from POD 2 to POD
8. An equivalent dose of LDUH was given to high=risk
patients with either a history of previous VTE or three
or more risk factors.

Doppler ultrasonography (DUS) was routinely per-
formed in all patients preoperatively and on POD 7 for
diagnosing DVT. Warfarin was administered orally to
paticnts with DUS-confirmed DVT, starting on POD 7
and continuing for 3 months. Patients were followed for
symptomatic VTE until 23 months after TKA,

Bleeding complications were recorded as described
previously."” They were classified as “major” if clinically
overt (clinically apparent bleeding or signs and/or symp-
toms suggestive of bleeding with confirmatory imaging
studies such as ultrasonography or computed tomogra-
phy) and meeting one or more of the following criteria:
involvement of a critical site (intracranial, retropérito-
neal, intraspinal, intraarticular, gastrointestinal, peri-
cardial); bleeding index 22.0 (calculated as the baseline
hemogliobin level, in grams/liter, minus the hemoglobin
level at the end of treatment plus the number of units
of packed red blood cells or whole blood transfused);
need for medical or surgical intervention; fatal
bleeding,
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Table 1. Demographic characteristics of patients with RA and OA

59

Characteristic RA 0A
No. of knees 238 169
No. of paticnts 199 156
Age (years) (rangej* 59.9 (25-84) 74.2 (40-88)
Sex (no. of patients/knecs)

Male 20017 17116

Female 218/182 152/140
BMI (range)* 21.8 (14.0-33.9) 25.0 (16.2-33.3)
No. of knees, by no. of risk factors

0 114 35

1 57 44

2 18 44

3 38 24

4 9 12

5 2 10

Mean* 1.06 179
Medications {(no. of knees/patients)
NSAIDs

None* 47/44 112/103

On demand 32124 48/44

Daily* 159131 919
Oral steroid* 82/70 0/0
Anti-TNF inhibitor* 18/16 0/0
Preoperative levels of blood rheological parameters®

Hemoglobin (g/dl) 113+ 18 123£1.5

Hematocrit (%) 32546 353+ 34
CRP level (mg/dl)"

Preoperative* 1.27+£1.87 0.34 £0.88

Postoperative day 1 483 +273 454+ 284

RA, theumatoid arthritis; OA, osteoarthritis; BMI, body mass index; NSAIDs, nonsteroidal antiinflammatory drugs; TNF, tumor necrosis

factor
#*P < .05 RA vs. OA
*Values are expressed as the mean  SD

Table 2. Demographic characteristics of patients matched for age and NSAIDs

non-use
Characteristic RA OA
No. of knees 42 102
No. of patients 39 95
Age (years), mean (range) 75.0 (65-84) 75.7 (65-88)
Sex (no. of knees/patients)

Male 5/4 12/12

Female 37135 90/83
BMI (range) 23.4 (18.8-29.4) 24.8 (16.8-33.3)
No. of knees, by no. of risk factors

0 7 14

1 15 30

2 4 35

3 15 13

4 1 7

5 g 4

Mean 171 1.82
Medications (no. of knees/patients)

Oral steroid* 8/6 0/0

Anti-TNF inhibitor 212 0/0
CRP level (mg/dl)*

Preoperative 0.39£0.74 028 £0.45

Postoperative day 1 4,99 £2.78 478 £1.83

*P <005 RA vs. OA
*Values are expressed as the mean £ 8D
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Statistical analysis

The RA and OA groups with and without adjustment
for age and NSAID use were compared for the follow-
ing: age; BMI; rate of NSAID use; incidence of DUS-
confirmed asymptomatic DVT;incidence of symptomatic
DVT or PE; incidence of bleeding complications; rate
of LDUH use; and serum D-dimer levels on PODs 0, 1,
and 7. Statistical analyses were performed using Stu-
dent's t-test for continuous variables and a ¢ contin-
gency table for dichotomous values, P < 0.05 was
considered statistically significant.

Results

Time course of changes in serumn D-dimer levels

Serum levels of D-dimer on PODs 0, 1, and 7 were,
respectively, 4.6 £ 0.51,37.2 £ 2.6, and 11.2 4 0.46 pg/ml
for RA and 1.8 £0.41,42.3 £ 55, and 13.6 + 1.2 ug/ml
for OA (Fig. 1). Serum D-dimer levels were thus signifi-
cantly higher in the RA group than in the OA group
preoperatively (P < 0.05), whereas similar time courses
of D-dimer levels were seen for the two groups postop-
eratively, although tending to be slightly higher in the
OA group than in the RA group.

Incidence of VTE

Preoperatively, DUS-confirmed DVT was found in 21
patients (8.8%) in the RA group and 19 patients (11.2%)
in the OA group, with no significant difference between
groups {Table 3). On POD 7, the incidence of DUS-
confirmed DVT was 20.6% in the RA group and 43.2%
in the OA group, indicating more frequent DVT in the
presence of OA than in RA (P < 0.001), Proximal DVT
was identified in eight RA patients (3.3%) and seven
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OA patients (4.1%), showing no significant difference.
All patients were available for follow-up for 23 months
after TKA and were checked for development of symp-
tomatic VIE. During the first 3 months after TKA,
symptomatic PE was found in two patients in the OA
group and one patient in the RA group, and symptom-
atic DVT was found in two patients in the RA group
and one patient in the OA group, including one case of
postdischarge DVT in each group.

According to the existing literature dealing with com-
parative analysis of DVT risk between RA and OA, the
incidence of DVT has been considered low for RA
patients potentially because of the frequent administra-
tion of NSAIDs and younger age distribution among
patients with RA." Patients using NSAIDs or who were

D-dimer (ug/ml)

3 I

preop. 1 2 3 4 5 6 7
Postoperative days

O 1 3

Fig, 1. Time course of plasma D-dimer levels after total knee
arthroplasty. Data are given as the mean + standard deviation.
Preop., preoperative. *P < 0,08, rtheumatoid arthritis (RA) vs.
osteoarthritis (0A4)

Table 3. Incidence of VTE and bleeding complications within first 3 months after TKA

Patients matched for age and

All patients NSAIDs non-use

Parameter RA (n =238) OA (n=169) RA (n=42) OA (n=102)
Asymptomatic DVT (no. of knees)

Preoperative 21 (8.8%) 19(11.7%) 4 (9.5%) 10 (3.8%)

Postoperative day 7 49 (20.6%)* 73 (432%) 16 (38.1%) 43 (42.2%)
Proximal DVT 8(3.3%) 7 (4.1%) 2{4.8%) 4 (3.9%)
Symptomatic DVT (no. of knees)

In-hospital 1 0 0 g

After discharge 1 1 1 1
Symptomatic PE (no. of knees) i 2 0 . 1
LDUH use (%) 677 7.5 78.6 72.5
Major bleeding (no. of knees) 1 2 0 1

VTE, venous thromboembolism; TKA, total knee arthroplasty; DVT. deep vein thrombosis; PE, pulmonary embolism; LDUH, low-dose

unfractionated heparin
*P< D001, RA vs. OA
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<65 yewrs of age were therefore excluded from each
group to adjust the patient demographics between
groups and elucidate the precise effects of the chronic
inflammation of RA on the development of VTE. After
this adjustment, no significant differences were identi-
fied between the RA and OA groups regarding age, sex,
BMI, or number of preexisting risk factors for VTE
(Table 2).

Interestingly, the incidence of DVT was 38.1% for
RA and 42.2% for OA after the adjustments, suggesting
that the incidence of DVT was quite similar in the two
groups; thus, RA itself does not appear to represent a
predisposing factor for DVT. In addition, regarding
symptomatic VTE, the incidences of PE and DVT were
not significantly different (Table 3).

Approximately 70% of patients in our TKA
series received LDUH during the postoperative course
according to our screening protocol of anticoagulation
therapy (Table 3). Major bleeding complications during
LDUH administration were seen in two patients with
OA (gastrointestinal bleeding, n = 1; surgical site bleed-
ing, n = 1) and one patient with RA (gastrointestinal
bleeding).

Discussion

As total joint arthroplasties, such as TKA and THA,
are becoming promising surgical interventions for treat-
ing joint destruction associated with RA and related
inflammatory arthropathies, important issues facing the
patients undergoing total joint arthroplasty are increas-
ingly highlighted, including postoperative VTE. TKA
and THA have been defined as carrying the highest
thromboembolic risks according to accumulated evi-
dence, such as the finding that the incidence of DVT
after joint arthroplasty can reach 50%, and fatal PE
occurs in 1%-6% without thromboprophylaxis.'® These
data have been derived predominantly from patients
with OA, however, and the precise thromboembolic
risk in patients with RA remains poorly understood.
To date, certain studies dealing with postoperative
VTE risk in patients with RA have documented that the
incidence of DVT is 3-10 times lower in patients with
RA than'in patients with OA."" Another retrospective
study of the incidence of postdischarge VTE after joint
arthroplasty reported that only 1 of 103 patients with
RA developed symptomatic DVT during a 1-year
follow-up.'® These studies reached the identical conclu-
sion that the decreased incidence of symptomatic VTE
in patients with RA was attributable to frequent use
of NSAIDs with the resulting antiplatelet activity.
However, those studies appear to include the following
drawbacks: (1) the studies were not prospective inves-
tigations; (2) the studies focused only on symptomatic
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VTE and did not include asymptomatic VTE; and (3)
the precise effects of the chronic inflammation in RA
on developing VTE were not clarified, as most RA
patients used NSAIDs preoperatively. The present
study therefore prospectively investigated the incidence
of both symptomatic and asymptomatic DVT in patients
with RA undergoing TKA, with particular emphasis on
comparison between patients with RA and OA, none
of whom were using NSAIDs.

According to the results from all patients enrolled,
patients with RA displayed significantly higher D-dimer
fevels preoperatively, reflecting accelerated fibrin for-
mation and fibrinolysis in the preoperative phase due to
constitutive inflammation, Conversely, postoperative
D-dimer levels were niot significantly different between
patients with RA and OA. As expected, the incidence
of DUS-confirmed DVT on POD 7 in patients with OA
was double that in'patients with RA, potentially because
in our RA series approximately 78% of patients were
orally administered NSAIDs both pre- to postopera-
tively. Interestingly, when patients taking NSAIDs
or <65-years-old were excluded, the incidence of
DUS-confirmed DVT was comparable between the
RA and OA groups. Whether chronic inflammatory
diseases such as RA are associated with the develop-
ment of VTE after joint arthroplasty thus remains
controversial,

Historically, inflammation has had little to do with
the coagulation response; and a traditional view was
that the blood coagulation pathway is simply triggered
when tissue factor derived from the cell'surface of leu-
kocytes, particularly monocytes, comes in contact with
factor VII/VIla in the blood.™™ During the 1990s,
however, the picture changed in light of new observa-
tions that inflammatory mediators such as endotoxin,
tumor necrosis factor-o (TNF-ot), and CDA40 ligand play
crucial roles in the activation of tissue factor?™ Recent
studies support an inflammatory basis for the blood
coagulation process,” and chronic inflammatory condi-
tions may shift the hemostatic balance to favor the acti-
vation of coagulation, as has been documented clinically
in inflammatory bowel diseases including ulcerative
colitis and Crohn's disease.*” Although the best known
scenario of inflammation-induced hypercoagulation is
the induction of tissue factor, other possible mecha-
nisms can be considered, including impairment of the
protein C anticoagulant pathway by down-regulating
the expression of thrombomodulin and endothelial cell
protein C receptor on endothelial cells,”” and up-regu-
lating levels of plasminogen activator inhibitor (PAI)-1
and subsequent impaired ability to remove thrombus
(i.e., fibrinolysis).”” Mounting evidence has proven ele-
vated levels of TNF-o, and PAI-1 in patients with RA %
and these patients are prone to thrombotic complica-
tions after joint arthroplasty. However, according to the
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present study, the incidence of VTE after TKA is basi-
cally equivalent between RA and OA patients despite
the standardization of risk factors for VTE in the two
groups. At present, we believe that these unexpected
results can be explained by the fact that (1) the inflam-
mation of RA can be tightly controlled using anti-TNF
inhibitors and (2) the pre- and postoperative C-reactive
protein (CRP) levels of the RA patients were regulated
to levels similar to those in OA patients (Tables 1,2).

As hemoglobin and hematocrit levels tend to be low
in patients with RA, blood rheology should not be over-
looked in regard to DVT pathogenesis when consider-
ing DVT risk in RA patients. However, whether blood
rheology affects a patient’s susceptibility to postopera-
tive DVT remains unclear despite the close relation
between blood rhieological properties and venous circu-
lation. Hemoglobin and hematocrit levels do not appear
to have been defined as risk factors for DVT in previous
studies.”™" The present study, however, could not dis-
regard the influence of these two parameters, as values
tended to be lower in RA patients than in OA patients
and could not be matched during comparisons of RA
and OA. Whether blood rheology represents an alter-
native etiology for DVT is a potential subject for future
studies.

In our TKA series, the overall incidence of DUS-
confirmed DVT was 20.6% in the RA group and 43.2%
in the OA group, indicating a much lower incidence
of postoperative DVT in RA patients. A recent study
showed that the incidence of symptomatic VIE in
patients with RA undergoing joint arthroplasty was low
owing to daily administration of NSAIDs,' supporting
the present findings. Even though lower DVT risk in
RA was attributable to younger age and higher tre-
quency of NSAID usage at the time of TKA — rather
than to the disease itself — surgeons should pay close
attention to the prophylactic use of anticoagulant thera-
pies for thromboembolic events after TKA in patients
with RA.

Finally, our findings must take into consideration
three major limitations of this study. First, a multiple
regression analysis should have been used to analyze
the effects of all independent variables as potential risk
factors for VTE, However, in our cohort, LDUH was
administered only to the patients with increased risk of
VTE based on assessments of their preoperative risk
score or their D-dimer level, which created a bias
regarding the indication for anticoagulant therapy after
TKA in our cohort. As use of anticoagulant therapy is
considered to be the most critical factor influencing the
incidence of VTE, it is worthless to analyze risk factors
of VTE in this cohort. In fact, when a stepwise multiple
linear regression analysis was performed in this cohort,
use of LDUH was paradoxically defined as a significant
risk factor of VTE with the largest odds ratio because

Y. Niki et al: Comparative study of DVT in RA and OA

LDUH was used in the patients with a high VTE
score.

Second, the precise effects of NSAIDs on the inci-
dence of VTE following TKA remain unclear as: the
present study did not directly confirm whether the
reduced incidence of VTE in RA patients was attrib-
uted to frequent administration of NSAIDs or the
disease itself. The patients should be randomized touse
of NSAIDs preoperatively in both RA and OA cohorts,
which is a potential subject for future study.

Third, because one investigative group reported that
oral steroid use is onie of the risk factors for postopera-
tive VTE,” we should have elucidated whether steroid
use affected the incidence of VTE. in our cohort,
However, the type, dosage, and duration of steroid use
varied considerably from case to case; and the net
steroid usage could not be explained by daily steroid
dosage at the time of examination. Further studies,
including a randomized controlled trial; on the use of
NSAIDs or steroid in larger cohorts of RA patients are
needed so we can better understand the trué magnitude
of VTE risk following TKA in patients with RA.

The authors did not receive and will not receive any benefits
or funidinig from any commercial party related directly or indi-
rectly to the subject of this article.
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Extension Limitation in Standing Affects Weight-
Bearing Asymmetry After Unilateral
Total Knee Arthroplasty

Kengo Harato, MD, Takeo Nagura, MD, PhD, Hideo Matsumoto, MD, PhD,
Toshiro Otani, MD, PhD, Yoshiaki Toyama, MD, PhD, and
Yasunori Suda, MD, PhD

Abstract: The aim of this study was to cvaluate weight-bearing condition after wunilateral total
knee arthroplasty (TKA) during standing and to examine whether the condition affects knee
kinetics during gait in both limbs. Twenty-five patients, who underwent unilateral TRA for
symptomatic bilateral osteoarthritis and who were on average 74 years old, participated. As a
result, operated limbs became dominant in 80% of the patients. The other 20%, who had lack
of knee extension during standing, showed more weight bearing in nonoperated knees.
Furthermore, extension limitation in the operated knee in standing led to mechanical overload
in the contralateral imb during gait. Therefore, to avoid progression of the osteoarthritis in the
contralateral knee, it is importani to acquire full extension in the operated knees during
standing after unilateral TKA. Keywords: unilateral total knee arthroplasty, weight-bearing

asymmelry, standing, gail analysis, extension limitation, quadriceps muscle strength.

© 2010 Elsevier Inc. All rights reserved.

Severe knee osteoarthritis (OA) often limits the elderly
people to perform normal activities of daily living.
Symptomalic knee OA is found in approximately 144%
of men and 28.4% of women older than 45 years, and
87% of knee OA occurs bilaterally [1,2]. Total knee
arthroplasty {TKA) has traditionally been performed as
an effective treatment for these patients, by relieving
pain, restoring function, and correcting deformity [3,4].
Gait analysis is widely used fo evaluate dynamic
funciion of both osteoarthritic and replaced knee joint
[5-7}. As described in the previous gait analysis studies,
abnormal joint loading. is indicated  in patients with
knee OA [8-10]. The patients: with medial Knee. OA
have increased knee adduction moment during walk-
ing. According to previous studies, pain relief was
accompanied by knee adduction moment after use of
nonsteroidal anti-inflatmmatory drug in patients with
knee OA [11-13]. In addition, Hurwitz et al [11]
showed that decreases in pain were associated with
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an increase in knee joint loading during level walking
and indicated that the change in pain levels was
inversely correlated. with. the change. in. knee joint
loading. Therefore, pain could be a pretective mechan-
ismi against. increased joint loads; and. subjective. pain
may result in reduced loading of the affected joint.
Thus, increased joint loads should be observed alter
TKA comparing. witl: those of contralateral OA because
pain level is reduced. On the other-hiand,. it is possible
that subjective pain in contralateral OA knee can be
frequently reduced after unilateral TKA. Although we
often experienced this phenomenon, little attention-has
been paid to evaluate weight-bearing condition. in both
limbs after the surgery.

We hypothesize that the knee joint after TKA would
act as a dominant limb and have more weight bearing
than contralateral nonoperated OA knee in relaxed
standing . becatise compensatory mechanics against
painful OA knee i basically observed. The aim of
this study was to evaluate weight-bearing condition in
botht limbs after unilateral TKA during standing and to
examine whether the surgery aflects the loading rate
and other gail parameters in contralateral OA knee
using gait analysis.

Materials and Methods
Participants and Gait Analysis System
Twenty-five patients (22 women and 3 men), who
underwent unilateral TKA for bilateral symptomatic
knee osteoarthritis and who were 67 to 84 years old
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Table 1. Demographic Data of 25 Patients Undergoing
Unilateral TKA {Mean + Standard Deviation)

Patients (n = 25)

Age 741 £ 5.3
BMI (kg/m?) 26.0 £ 3.0
Sex {female/imale) 2273
Implant (CR Flex/LPS Flex) 6/19
Follow-up period {mo) 147 £ 9.4

(mean, 74 years), participated in the current study.
Cruciate-retaining or posterior-stabilized component
design {NexGen CR FBlex or LPS Flex, Zimmer,
Warsaw, IN) were used by a single surgeon (TO).
We confirmed that replaced knee acquired full exten-
sion after the procedure in the operation room.
Patients underwent a standard rehabilitation program
that consisted of early range of motion and weight-
bearing exercises as tolerated. Radiographic grades of
knee OA in nonoperated knees were at least grade 3
severities according to the Kellgren-Lawrence grade
{14], including 7 knees of grade 3 and 18 knees of
grade 4, Patients who had any symptoms in either the
hip or ankle joint were excluded. Demographic data of
25 patients are presented in Table 1.

After an informed consent, all subjects were tested at
our gait laboratory using 6 retroreflective markers, a 5-
camera system (120 frames per second; Pro-reflex,
Qualisys, Gothenburg, Sweden), and a force plate (sample
frequency, 120 Hz; Type 4060-10, Bertec, Columbus; OH)
at an average of 15 (4<36) months after surgery. Six
markers were placed at the lateral aspect of the iliac crest,
greater trochanter, lateral joint line of the knee, lateral
mallcolus, lateral aspect of the calcaneus, and head of the
tifth metatarsal [15]. Clinical assessment was done using
Hospital for Special Surgery (HSS) score, and passive
range of motion was examined. All methods and
procedures were also approved by our institittion's ethics
committee.

Motion Analysis
The patients performed relaxed standing, placing 1 foot
on a force plate for 5 seconds until'subjects became stable
120
100
80
60
40

20

axial knee force [%BW]

and relaxed (Fig. 1 A); and thereafter, they were asked to
walk on a level floor for about 10 m at their preferred
speed. Relaxed standings were measured in each patient
twice. Walking trials included warm-ups, and the trials
were measured several times until clear contact with the
force plate was achieved in each trial. Because there is a
single force plate in the laboratory, the measurements for
each leg were undertaken independently, The knee
kinetics was calculated using an inverse dynamics
approach [16].

Evaluation of Loading Asymmetry

During relaxed standing, knee resultant force (percen-
tage of body weight [%BW]) was calculated on bilateral
knees ol all patients, Definition of dominant side limb was
based on the evaluation of loading asymmetry according
1o these forces: TKA dominant, knee resulfant force was
greater on TKA side than OA side; or OA dominant, knee
resultant force was greater on OA side than TKA side,

Analysis of Factors Affecting the
Loading Asymmetry

To analyze the factors that affect the weight-bearing
condition in both limbs, patients' backgrounds were
compared between TKA-dominant group (group A) and
OA-dominant group (group B). Because side-to-side
differences of weight distribution in standing would
lead to the gait asymmetry as previously described in
the literature [17,18], the following parameters were also
evaluated inveach group: knee flexion angles (degrees) in
standing and at heel strike on-each knee, peak values of
net knee adduction and extension moment (%BW
Height) on each knee, and maximum axial knee loading
rate (%BW per second)-on OA knees during gait, Maxi-
mum axial loading rate was delined as maximum slope of
the axial force at the knee during first 10% of stance
phase. The- axial foree -at the knee was deflined as the
intersegmental resultant force at the knee resolved along
the long axis of the shank, taking into-account the ground
reaction foree, the weight of the shank; and theé mexrtial
forces (Fig. 1B) [19}%

At loading rate = AR /At

A

w

.t

stance phase r‘r.O.

Fig. 1. (A) Subjects performed relaxed standing, placing 1 foot on a force plate, and level walking thereafter. (B) Maxinunt axial
loading rate {%BW per second) was defined as maximiun slope of the axial force during first 10% of stance phase.
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Statistical Analysis

An average value of 2 trials was calculated. Statistical
difference between TKA and OA knees in each group was
evaluated using Wilcoxon ¢ test. In addition, Mann-
Whitney U test was used to determine the differences
between groups in TKA or OA knees. Categorical
valuables were analyzed by ¥* test or Fisher exact test, P
values less than .05 were considercd as significant. All
statistical analyses were done with the use of SPSS
Version 11 for Microsolt Windows (SPSS, Chicago, IL).

Results
Weight-Bearing Asymmetry
Weight-bearing asymmetry was seen among the
patients, as 20 patients were allocated to. TKA dominant
{group A) and 5 patients were OA dominant (group B). In
group A, the averages ol knee resultant forces {%BW)
were 53.4 + 9.8 on TKA side and 34.8 £ 6.7 on QA side.
On the contrary, those were 39.1 £ 6.7 on TKA side and
50.0 = 6.3 on OA side in group B. Each patient in both
groups had relatively large side-to-side difference that
was more than 5%BW (Table 2).

Factors Affecting Asymmetrical Loading

Concerning the demographic data, there were no
statistical differences between the groups, including age,
body mass index (BMI), total HSS score, passive range of
motion, and other categorical valuables (Table 2). When
coimparing painscores of HSS on TKA side inboth groups,
there was no-difference, as the scores were 28,7 = 2.3 in
group A and 27.0 + 4.4 in group B. Rurthermore, pain
scores on OA side were 21.8+ 3.8 in group A and 23.0-%
5.7 in group B; and those were not significantly different
between the groups.

Results of knee flexion angles during relaxed standing
are presented in Fig. 2. In group A, operated knees
were significantly more extended than QA knees during
relaxed  standing, although operated knees were sig-
nificantly more flexed than OA knpees in group B.

e Harato etal 227

Knee Flexion Angle during standing
{Degrees)
S

TKA OA
Group A

Fig. 2. Knee flexion angle {degrees) during relaxed standing in
cach group {*P <035},

TKA 0A
Group B

Particularly, operated knees had less knee externsion in
group B than in group A.

Knee flexion angles at heel strike wetre not sig-
nificantly different between the knees in each group
{Table 3), although the angle on TKA side in group B
was relatively larger than that in group A. Net knee
adduction and extension moment are also presented in
Table 3. The TKA side had less net knee adduction
moment than the OA side, but the moments were not
significantly dilferent between TKA knees or OA knees
in both groups. Net kiiee extension moments in group
B were significantly smaller than those in group A,
when comparing the moments between the TKA
knees or OA knees. Maximum axial knee loading
rate (%BW per seccond) on QA side during, gait is
found in Fig. 3. Those on QA knees in group B were
significantly larger than those in. group A, We
confirmed that all the data obtained from gait analysis
in the current study were reproducible,

Discussion
Qur hypothesis that TKA side has dominant:loading in
relaxed standing was confirmed:-in 20 ol 25-patients
(80%). Although many studies have- concentrated on
the: role of high flexion in-TKA [20-22}, few have

Table 2. Patient Data in Each Group {Mean + Standard Deviation)

Group A {n = 20)

Group B {1 = 3) Statistical
TKA Side OA Side TKA Side OA Side Significance

Knee resultant force fn standing (%BW) 534 £9.8 34.8 £ 6.7 39.1 £ 6.7 50+ 6.3 NS
Age 743 £ 5.2 72863 NS
BMI {kg/m?) 26134 259+ 1.3 NS
Sex (female/male) 1971 312 NS
implant (CR Flex/LPS Flex) 4116 213 NS
Follow-up period (mo) 14594 15797 NS
Radiographic OA grade (grade 3/grade 4) 5115 2/3 NS
Total }ISS score 91 +4.2 81 x121 90,3 x 6.7 825+ 83+¢

HSS painscore 287 %23 21.8 2 3.8% 27 4.4 23 & 5.7+

Passive range of motion {extension) 13237 52+85 33%69 4.0 6.1 NS
Passive range of motion {flexion) 1181 £ 133 1206 £ 17.3 1167+ 4.8 1237+ 133 NS

NS indicates not significant.

*P less than 05 between TKA and OA side in group A using Wilcoxon 71 test.
1P less than .05 between TKA and OA side in group B using Wilcoxon 1 test.
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Table 3. Knee Kinematics and Kinetics During Level Walking (Mean x Standard Deviation)

Group A {n = 20) Group B {(n = 5) Statistical
TKA Side OA Side TKA Side OA Side Significance
Knee flexion angle (°) al heel strike 3.2+18 5.6 424 70%1.5 57 %35 NS
Knee adduction moment {%BW Height) 2.8+22 4.0+ 08% 24+ 1.4 3.9£05¢+
Knee extension moment {(%BW Height) 1.5x1.1 1.9x1.2 0.8x05% 0.7+£0.68§

*P less than 05 between TKA and OA side in group A using Wilcoxon f test.

+ P less than .05 between TKA and QA side in group B using Wilcoxon f test.

1P less than .05 between TKA side in group A and TKA side in group B using Mann-Whithey U test,
§pless than .05 between OA side in group A and OA side in group B using Mann-Whitney U test.

concentrated on the importance of knee extension
[23,24]. From our results, ability to extend the knee
joint during standing was considered to be a key factor
to decide loading condition in both limbs. Previous
studies have shown that knee extension limitation of
greater than 15° in standing would cause balance
impairment and lcad to mechanical overload to
contralateral knee during gait [17,18,25]. Tn our
study, asymmetrical loading in both limbs may result
from less extension and quadriceps muscle weakness in
the operated knees during relaxed standing. Tn parti-
cular, replaced knees in group B could not extend fully
during standing; and knee extension limitation greater
than 15% in standing was observed, even il knee flexion
contracture was not detected by physical examination.
On the other hand, static alignment (e, knee adduction
moment) and subjective pain were not factors to affect
the loading condition. These results indicate that, if the
operated knee has enough extension in standing, the
operated limb becomes dominant. On the contrary, if
extension Hmitation is seen in the operated knee in
standing, the lmb would not have dominant loading.
Because postoperative passive range of motion was not
significantly different between the groups, the cause of
the extension limitation: in: standing should not be
{lexion contracture; and it:might be other factors such
as. quadriceps strength. In fact, significantly smaller
extension moments in operated knees were detected in
OA-dominant group than in TKA-dominant group
(Table 3).

260 ¢
200 + T

180

100 |

o
f=
T

Knee Loading Rate on OA side (3:BW/s)
o

Group B

Group A

Fig. 3. Maximum knee loading rate {%BW per second) on OA
side during level walking in each group (*P < .05).

Quadriceps muscle strength is an important considera-
tion in gait characteristics after TKA. Yoshida et al [26]
indicated that, when the operateéd limb had a very weak
quadriceps, patients would depend on theé nonoperated
side to compensate by placing greater forces on the
nonoperated leg during gait. Thus, retraining program
that encourages the patients to usc improvemenis in
quadriceps strength with greater knee extension during
standing can be effective.

The patients with medial knee OA have increased
knee adduction moment during walking, and a
primary strategy of the treatment is to reduce the
moment {27]. Alter unilateral TKA in patients with
bilateral knee QA, net knee adduction moments: in
TKA are signilicantly smaller. than those in- nonoper-
ated knees [28]. This fact is related to static alignment
(varus deformity) [29]. On the  other hand, the
adduction moment in patients with medial knee OA
can be reduced by walking: more slowly [27}.. These
gait changes basically. appear to. be. associated. with
increased loading rates, defined as increased:slopes of the
ground reaction force curve immediately after heel
strike during - walking [30.31]. Although the. knee
forces reported in the present study were: measured
indirectly, the axial loading rate was considered to be
good estimates of the actual loading rates at the knee.
According to previous studies, higher loading  rates
have been shown to generate more surface fissuring of
cartilage than lower loading rates. [321; -and surface
fissures in the cartilage can propagate mechanically if
the joint surface is subjected to rigorous repetitive
Ioading [33]. Mechanical overload in the contralateral
osteoarthritic knee can be a factor to progress the
disease severity. Therefore, it is important to examine
the ability to extend the replaced knee in standing as
a postoperative evaluation after unilateral TKA.

‘Conclusion

After unilateral TKA in patients with bilateral sympto-
matic OA, TKA knees had dominant weight bearing in
80% of patients, although the other 20% who had
extension limitation in standing put more weight on OA
side with greater loading rate during walking. Extension
limitation in the operated knee in standing may lead to
mechanical overload in the contralateral osteoarthritic
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knee, which can be a factor to progress the discase
severity. Therefore, the ability to extend the replaced
knee in standing is important as postoperative function
after unilateral TKA.

Acknowledgment

The authors gratefully acknowledge the valuable
contribution of Yuji Kuroyanagi, MD, and Yoshimori
Kiriyama, PhD,

10.

1L,

12,

13,

14.

15,

References

. Davis MA, Ettinger WH, Neuhaus JM, et al. Knee

osteoarthritis and physical functioning: evidence from the
NHANES. I. Epidemiological followup study. J Rheumatal
1991;18:591.

. Gunither KP, Sturmer T, Sauerland S, et al. Prevalence of

generalised osteoartbritis in patients with advanced hip and
knee osteoarthritis: the Ulm Osteoarthritis Study. Ann
Rheum Dis 1998;57:717.

. ‘Bourne RB, Laskin RS, Guerin JS. Ten-year results of the

first 100 Genesis II total knee replacement procedures,
Orthopedics 2007;30:83.

. Harato X, Bourne RB, Victor J, et al. Midterm comparison of

posterior crucate-retaining versus -substituting total knee
arthroplasty using the Genesis II prosthesis. a multicenter
prospective randomized clinical trial. Knee 2008;15:217,

. McClelland JA, Webster KE, Feller JA. Gait analysis of

patients following fotal knee replacement: a systernatic
review. Knee 2007;14:253,

. Mandeville D, Osternig LR, Chou LS. The effect of total

knee replacement on dynamic support of the bedy during
walking and stair ascent. Clin Biomech 2007;22:787.

. Levinger P, Webster KE, Feller J. Asymmetric knee loading

at heel contact during walking in patients with unilateral
knee replacement. Knee 2008;15:456.

, Sharma L, Song J, Felson DT, et al. The role of knee

alignment in disease progression and functional decline in
knee osteoarthritis, JAMA 2001:286:188.

.- Kerrigan DC, Jenniler LL, Goggins J, et al. Effectiveness of a

lateral-wedged insole on knee varus torque in patients with
knee osteparthritis. Arch Phys Mcd Rehabil 2002;83:889.
SharmaL, Hurwitz DE; Andriacchi TP, ctal. Knee adduction
moment, serum hyaluronan level, and disease severity in
medial tibiofemoral osteoarthritis. Arthritds Rheum 1998;
41:1233,

Hurwitz DE, Ryals AR, Andriacchi TP, et al. Knee pain and
joint loading inn subjects with ostecarthritis of the knee.
J Orthop Res.2000;18:572,

Schuitzer TJ, Popovich JM, Andriacchi TP, et al. Elfect of
piroxicain on gait in patients with ostéoarthritis of the knee.
Arthritis Rheum 1993;36:1207.

Blin O, Paillious J, Lafforbue P, et al. Quantitative analysis
of walking in patients with knee osteoarthritis: a method
assessing the effectiveness of non-steroidal anti-inflamma-
tory treatment, Ann Rheum Dis 1993;49:990.

Kellgren LH, Lawrence JS. Radiological assessment of
osteoarthritis. Ann Rheum Dis 1957;16:494.

Nagura T, Dyrby CO, Andriacchi TP, ct al. Mechanical loads
at the knee joint during deep flexion. J Orthop Res 2002;20:
881,

16.

19.

20,

21.

28]
9

23,

24,

25.

28,

29,

30.

31.

32.

33.

- 413 -

229

Andriacchi TP, Galante JO, Fermier RW, The influence of
total knee-replacement design on walking and stair-
climbing. J Bone Joint Surg [Am] 1982;64A:1328,

. Harato K, Nagura T, Suda Y, et al. A gait analysis of

simulated knee flexion contracture to clucidate knee-spine
syndrome. Gait Posture 2008;28:687.

. Harato K, Nagura T, Suda Y, et al. Knee flexion contracture

will lead (o mechanical overload in both limbs—a simula-
tion study using gait analysis. Knee 2008;15:467.
Andriacchi TP, Johnson TD, Hurwitz DE, et al, Musculos-
keletal dynamics, locomotion, and dlinical applications. In:
Mow VC, Huiskes R, editors, Basic orthopacdic biomecha-
nics and mechano-biology. 3rd ed. Philadelphia: Lippincott
Williams & Wilkins; 2005, p. 91,

:Bellemans J, Banks §, Victor J, et al, Fluoroscopic analysis of

the kincematics of deep Hexion in total knee arthroplasty.
Influence of posterior condylar offset. J Bone Joint Surg
{Br] 2002;84B:50.

Dennis DA, Komistek RD, Stiehl JB, et al. Range of motion
after total knee arthroplasty: the effect of implant design and
weight-bearing conditions. J Arthroplasty 1998;13:748.

. Karosaka M, Yoshiya S, Mizuno K, et al. Maximizing

flexion after total knee arthroplasty. the need and pitfalls.
J Arthroplasty 2002;17:59.

Ritter MA, Lutgring JD; Davis KE, et al. The role of flexion
contracture on outcomes in primary total knee arthroplasty.
J Arthroplasty 2007;22:1092.

Meneghini RM, Pierson JL, Bagsby D, et al. Is there a
functional benefit to obtaining high flexion after total knee
arthroplasty? J Arthroplasty 2007;22:43.

Potter PJ, Kitby RL, MacLeod DA, The effects of simulated
knee-flexion contractures on standing balance, Am J Phys
Med Rehabil 1990;69:144.

. Yoshida Y, Mizner RL, Ramsey DK, et al. Examining

outcomes from total knee arthroplasty and the relationship
between quadriceps strength and knee function over time,
Clin Biomech 2008;23:320,

. Mundermann A, Dyrby CO, Andriacchi TP, et al. Potential

strategies toreduce medial compartment loadingin patients
with knee osteoarthritis of varying severity: reduced
walking speed. Arthritis Rheum 2004;50:1172,

Nagura T, Otani T, Suda Y. Is high flexion following rotal knee
arthroplasty safe? Bvaluation.of knee jointloads in the patients
during maximal flexion. J Ariliroplasty 2005;20:647.
Hurwitz DE, Ryals AB; Anddacchi TP, ct al. The knee
adduction. moment during gait in subjects with knee
osteoarthritis is more closely correlated with statie align-
merit than radiographic disease severity, toe out angle and
pain. J Orthop Res 2002;20:101.

Radin BL, Yang KH, Riegger C, et al. Relationship between
lower limb dynamics and knee joint pain. J Orthop Res
1991;9:398.

Messier SP, Locser RE, Hoover JL, et al. Osteoarthritis of the
knee: effects on gait, strength, and llexibility. Arch Phys
Med Rehabil 1992;73:29.

Ewers BJ, Jayaraman VM, Banghnaicr RE, et al. Rate of blunt
impact loading atfects changes in retropatellar cartilage and
underlying bone in the rabbit patella. J Biomech 2002;35:747.
Kerin A, Coleman A, Wisnom MR, ct al. Propagation of
surface fissures in articular cartilage in response to cyclic
loading in vitro. Clin Biomech 2003;18:960.



