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OBJECTIVES
BACKGROUND

METHODS

RESULTS

CONCLUSIONS

We studied the longitudinal evolution of hypertrophic cardiomyopathy (HCM) caused by a
founder frameshift mutation in the cardiac myosin-binding protein C (MyBPC) gene.
Mutations in the MyBPC gene have been associated with delayed expression of HCM and
a good prognosis. Few studies, however, demonstrated the phenotype-genotype correlations
in the longitudinal study.

We studied long-term evolution of clinical features of 15 unrelated families who were found
to have an identical frameshift mutation in the MyBPC gene: a one-base deletion of 2
thymidine at nucleotide 11645 (V592fs/8).

Thirty-nine individuals in 15 families were genotype-positive. Thirty of the 39 individuals
with the mutation were phenotype-positive. The disease penetrance was 100% in subjects
=50 years and 65% in those <50 years. “End-stage” HCM (ejection fraction <50%) was
observed in 7 (18%) of the 39 genotype-positive individuals (7 [23%)] of the 30 phenotype-
positive patients); 6 of them were 60 years or older. Seven patients were hospitalized for
treatment of repeated congestive heart failure, and four patients died or had implantable
cardioverter-defibrillator discharge (13%; incidence, 1.4%/year) during a mean follow-up
period of 9.2 + 5.5 years.

Elderly patients with a V592f¢/8 mutation in the MyBPC gene may evolve into the
“end-stage” HCM, characterized by left ventricular systolic dysfunction, cavity dilation, and
irreversible heart failure. The clinical course in patients with this mutation is not benign in
the long run, with progressive left ventricular remodeling with advancing age. (J Am Coll

Cardiol 2005;46:1737-43) © 2005 by the American College of Cardiology Foundation

Hypertrophic cardiomyopathy (HCM) is a primary myo-
cardial disorder with heterogeneous morphologic, func-
tional, and clinical features (1-4). Recent molecular genetic
studies have revealed that HCM is caused by mutations in
10 genes that encode sarcomeric contractile proteins (5-9).

See page 1744

Cardiac myosin-binding protein C (MyBPC) is one of these
sarcomeric proteins, and mutations in the MyBPC gene have
been reported to be associated with delayed expression of
hypertrophy and a relatively good prognosis (10-14). On the
other hand, a recent report showed that patients with muta-
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tions in the MyBPC gene did not differ significantly from
patients with thick-filament HCM or thin-filament HCM
with respect to age at diagnosis or severity of phenotype (15).

Few studies, however, have demonstrated longitudinal
evolution of phenotype in relation to genotype, although the
HCM phenotype itself is recognized to be a slowly progres-
sive disorder that manifests remarkable evolution of clinical
features throughout life (16).

We analyzed the MyBPC gene in probands from families
with HCM and had the opportunity to study 15 unrelated
families living in Kochi prefecture, Japan, who were found
to have an identical frameshift mutation in the MyBPC
gene: a one-base deletion of a thymidine at nucleotide
11645 (V592£s/8) (17). The results of clinical and genetic
investigations in these 15 families during a long period of
time are presented herein.

METHODS

Subjects. The subjects were 94 probands with familial or
sporadic HCM. Twenty-two subjects were familial HCM,
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Abbreviations and Acronyms

AF = atrial fibrillation

ECG = electrocardiogram/clectrocardiographic
EF = cjection fraction

HCM = hypertrophic cardiomyopathy

ICD = implantable cardioverter-defibrillator

LVEDD - = left ventricular end-diastolic diameter

LVH = left ventricular hypertrophy
MLVWT = maximum left ventricular wall thickness
MyBPC = cardiac myosin-binding protein C

whereas the other 72 subjects were not confirmed to have
relatives with HCM. All probands were evaluated at the
Kochi Medical School Hospital for confirmation of diag-
nosis, risk assessment, and symptom management between
1982 and 2004. The diagnosis of HCM was based on
echocardiographic demonstration of an unexplained left
ventricular hypertrophy (LVH) (i.e., maximum left ventric-
ular wall thickness [MLVWT] =15 mm). Relatives of
probands were contacted by probands themselves and vis-
ited our clinic of their own free will. After the identification
of a V592fs/8 mutation, pedigree analysis, including both
clinical evaluation and genotyping, was performed. In-
formed consent was obtained from all subjects or their
parents in accordance with the guidelines of the Ethics
Committee on Medical Research of Kochi Medical School.
Clinical evaluation. The evaluation of probands and rela-
tives included medical history, clinical examination, 12-lead
electrocardiography, M-mode, two-dimensional and Dopp-
ler echocardiography, and ambulatory 24-h Holter electro-
cardiographic (ECG) analysis. The severity and distribution
of LVH were assessed in the parasternal short-axis plane at
mitral valve and papillary muscle levels (18,19). Maximum
left ventricular wall thickness was defined as the greatest
thickness in any single segment. Left ventricular end-diastolic
diameter (LVEDD) and end-systolic diameter were mea-
sured from M-mode and two-dimensional images obtained
from parasternal long-axis views. Ejection fraction (EF) was
determined from apical two- and four-chamber views be-
cause the left ventricle is of heterogencous shape and the
septum itself is usually hypokinetic in HCM. Left ventric-
ular outflow tract gradient was calculated from continuous-
wave Doppler using the simplified Bernoulli equation.
Disease penetrance was determined by the following
criteria for relatives: 1) MLVWT =13 mm; 2) presence of
major abnormalities on the ECG (i.e., Q-wave =0.04 s in
duration or one-fourth of the ensuing R-wave in depth in at
least two leads, significant ST-T changes, and Rombilt-
Estes score >4); or 3) a combination of criteria 1 and 2.
Data regarding survival and clinical status of patients were
collected during serial clinic visits. Evaluation of the phenotype
was completed before determination of the genotype. Three
modes of HCM-related death were defined: 1) sudden and
unexpected death (including resuscitated cardiac arrest), in
which the collapse occurred in the absence or <1 h from the
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onset of symptoms in patients who previously experienced a
relatively stable or uneventful course; 2) heart failure-related
death, which was in the context of progressive cardiac decom-
pensation =1 year before death, particularly if complicated by
pulmonary edema or evolution to the end-stage phase (includ-
ing patients with heart transplantation); and 3) stroke-related
death, which occurred in patients who died as a result of
embolic stroke.

Genetic analysis. Peripheral blood samples were taken at
the time of clinical evaluation, and they were frozen and
stored at —20°C. We extracted DNA using 2 DNA. puri-
fication kit from QIAGEN Inc. (no.51104; Hilden, Ger-
many). In vitro amplification of genomic DNA was per-
formed using polymerase chain reaction. Oligonucleotide
primers were used to amplify exon 18 of the MyBPC gene.
Information on primer sequences and polymerase chain
reaction conditions is available upon request. Sequencing
was performed using a BigDye Terminator Cycle Sequenc-
ing Kit from Applied Biosystems Inc. (no.4336774; Foster
City, California). The sequences were analyzed on an ABI
PRISM 3100-Avant Genetic Analyzer in accordance with
the manual of the manufacturer.

In patients in whom the mutation was identified, confir-
mation was obtained by reanalysis with direct sequencing
from a second blood sample. The presence of a V592fs/8
mutation, which abolishes a BsmFl restriction site, was
confirmed by digestion of genomic DNA with this enzyme.

To investigate if families carrying the identical mutation
were related, haplotype analysis was performed using mic-
rosatellite markers defining the MyBPC gene locus. Mark-
ers MyBPC3-CA, D1154109, D1181784, and D1151326,
flanking the MyBPC gene, were used. To describe haplo-
type results, the length (base pair) of allele was put in
parentheses after each marker.

RESULTS

Genetic results. A V592fs/8 mutation, a frameshift muta-
tion that causes truncation of cardiac MyBPC protein, was
identified in 15 of 94 probands. Relatives of 15 probands
were studied further, totaling 64 members, including 15
probands, of the various families (Figs. 1A to 1G). Of the
64 individuals, 39 had a V592fs/8 mutation in the MyBPC
gene. This mutation was thought to be disease-causing
based on presence of the mutation in all affected individuals
and absence of the sequence variation in at least 200
chromosomes from healthy individuals.

Haplotype analysis with highly polymorphic markers
was performed in these families to investigate whether
a V592fs/8 mutation was likely to have arisen from a
common ancestor (founder effect). We found that a
unique haplotype, MyBPC3-CA(282)-D1154109(151)-
D1151784(138)-D1151326(249), was linked to the
V592fs/8 mutation in all 15 families, indicating that a
common founder of the mutation was likely in these
families.
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Figure 1. (A to G) Pedigree of families H007, H008, HO11, HO15, H027, H034, H037, H041, H047, H048, H061, H067, H074, H086, and H090. The

genotypic status and phenotypic status of subjects are indicated.
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Table 1. Clinical Characteristics of 30 Phenotype-Positive
Patients at Presentation

Age at presentation, yrs (range)
Gender: male, n (%)

Age at diagnosis, yrs (range)
Reason for diagnosis, n (%)

48 + 14 (16-83)
17 (57)
47 * 15 (14-76)

Symptoms 16 (53)
Incidental findings 4(13)
Family or gene screening 10 (33)
Presence of symptoms, n (%) - 19 (63)
Dyspnea, n (%) 14 (47)
Palpitation, n (%) 11 (37)
Syncope, n (%) 3 (10)
Chest pain, n (%) 7(23)
NYHA functional class
1 16 (53)
I 10 (33)
III and TV 4(13)
History of AF (chronic or paroxysmal) 4(13)

Data shown as mean value + SD or number (%).
AF = atrial fibrillation; NYHA = New York Heart Association.

Clinical manifestation. Clinical evaluation was performed
in the 64 individuals from the 15 proband families studied.
The mean follow-up period in the all 39 genotype-positive
individuals was 8.0 * 5.4 years (range, 0.2 to 19.3 years).
Thirty patients were phenotype-positive, all with echocar-
diographic evidence of LVH. Two adults developed hyper-

trophy (MLVWT =13 mm) after the age of 40. Nine of the A

39 individuals were not affected phenotypically (average age
at last evaluation: 33 = 11 years; range, 12 to 43 years). The
disease penetrance was 100% in subjects =50 years and 65%
in those <50 years of age.

The clinical characteristics of the 30 phenotype-positive
patients at presentation were summarized in Table 1. The
age at diagnosis was 47 = 15 years. Most patients (86%)
were evaluated because of symptoms or family screening of
HCM. A total of 19 patients (63%) reported cardiac
symptoms. Table 2 shows the echocardiographic character-
istics of the 30 phenotype-positive patients at presentation
and at last follow-up. At presentation, MLVWT was 21 =
5.3 mm. Six (20%) of those 30 patients had systolic anterior
movement of the mitral valve, and three (10%) showed a
significant LV outflow tract gradient (pressure gradient at
rest =30 mm Hg).

Sudden death occurred in six individuals from four
families (Fig. 1; families H015, H047, H086, and H090).
Three individuals were from one family. Five of them were
older than 50 years of age.

Clinical course. During a mean follow-up period of 9.2 %
5.5 years after the first clinical evaluation, paroxysmal or
chronic atrial fibrillation (AF) was detected in 10 (33%;
incidence, 3.6%/year) of the 30 phenotype-positive patients,
eight of whom were 60 years of age or older. Two of those
patients experienced severe embolic stroke, which was the
cause of their death at the ages of 61 and 68 years,
respectively. One patient (H015-11-2) was on oral antico-
agulation with warfarin. In the other patient (H086-1II-1),
AF was detected at the time of the stroke for the first time.

JACC Vol. 48, No. 9, 2005
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Figure 2 shows longitudinal changes in LVEDD,
ejection fraction (EF), and MLVWT in cach of the 39
genotype-positive individuals. Figure 2A shows that
LVEDD gradually became larger with advancing age. On
the other hand, LV systolic function was preserved until
middle age. After middle age, reduction of EF occurred
in some patients (Fig. 2B). “End-stage” HCM (EF
<50%) was observed in seven (18%) of the 39 individuals;
six of them were 60 years or older. Five of them showed
LVEDD =55 mm. Figure 2C shows that MLVWT was
thinner in elderly patients than in young patients with
HCM and that it was within normal limits in the
phenotype-negative individuals.

Table 3 shows the clinical characteristics of seven patients
with “end-stage” HCM. More specifically, the average age
when they were first identified as in the end-stage phase was 60
years (range, 46 to 70 years). Three patients (H011-II-8,
HO015-11-3, and HO086-1TI-1) were already in the end-stage
phase at presentation. The other four patients progressed to
“end-stage” HCM during follow-up. Regarding the cause of
LV systolic dysfunction, none of them was considered to have
atherosclerotic coronary artery disease because three of them
(H007-II-2, H011-II-8 and HO086-III-1) had normal coro-
nary angiography, and the remaining four patients had normal
thallium-201 myocardial scintigraphy. No one suffered from
myocardial infarction. All patients with “end-stage” HCM
showed deterioration of New York Heart Association func-
tional class together with a development of paroxysmal or
chronic AF at last follow-up. All of them were treated for heart
failure and/or arthythmias: diuretics (n = 6), angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers
(n = 5), beta-blockers (n = 3), and amiodarone (n = 2). One
patient (HO007-II-2), who was on amiodarone (maintenance
dose 100 to 200 mg/day) for sustained ventricular tachycardia

for 10 months, received an implantable cardioverter-

Table 2. Echocardiographic Characteristics of 30 Phenotype-
Positive Patients

At Last
At Presentation Follow-Up
Age, yrs 48 = 14 (16-83) 56 %= 15 (28-83)
MLVWT, mm 21 +5.3(13-38) 21 *6.0(13-39)
IVST, mm 19 + 4.7 (11-28) 18 =+ 4.9 (10-32)
PWT, mm 11+ 17(7-14) 11 £2.3(7-19)

Left atrial diameter, mm

LV end-diastolic diameter, mm
LV end-systolic diameter, mm
Ejection fraction, %

40 = 8.3 (27-60)
44 = 7.4 (29-64)
27 * 7.8 (12-48)
66 = 9.9 (36-85)

46 = 9.0 (30-69)
47 = 8.1 (37-67)
31 + 9.2 (21-55)
61 = 13.9 (22-81)

Gradient >30 mm Hg, n (%) 3(10) 2
SAM, n (%) 6 (20) 6 (20)
Pattern of LVH, n
Asymmetric 27 27
Diffuse 2 1
Apical 0 0
QOthers 1 2

Data shown as mean value & SD (range) or number (%).

1VST = interventricular septal wall; LV = left ventricular; LVH = left ventricular
hypertrophy; MLVWT = maximum left ventricular wall thickness; PWT = left
ventricular posterior wall thickness; SAM = systolic anterior movement.
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Table 3. Clinical Characteristics of Seven Patients With “End-Stage” HCM
Echocardiography at Initial Evaluation/
Last Evaluati
ot Last vauation NYHA Functionl ~ Rhythm,  Hospitalization
Age (yrs) at Age (yrs) at Age LVEDD EF MLVWT Class, Initial Initial to for CHF Status
Patient Gender Diagnosis End-Stage (yxs) (mm) (%%) (mm) to Last Last (Age, yrs) (Event Age, yrs)
H007-11-2 M 65 70 65/78 49/58 62/22 17/14 TtoIll SR to AF + (69) ICD discharge (76)
Ho007-111-2 F 14 46 35/47 49/58 74/30 28/17 TtoIll SR and PAF + (46) Alive
HO11-11-8 M 40 58 58/68 64/62 48/25 1517 I to IIT SR to AF + (63) Alive, CRT, MVR
HO015-11-3 M 54 54 54/73 56/67 36/37 20/18 Mo IV AF to AF +(54) CHEF dearh (73)
HO015-11-2 F 45 60 45/60 42/42 66/46 10/20 M to 11T SR to AF + (60) Stroke death (61)
HO034-11-1 F 46 68 52/68 41/46 65/49 18/17 TtoIII SR to AF — Alive
HO086-11I-1 F 64 64 64/67 47/55 43/40 20/18 I 1o IIT SR to AF -+ (64) Stroke death (68)
AF = amial fibrillation; CHF = congestive heart failure; CRT = cardiac resynchronization therapy; EF = cjection fraction; LVEDD = left venmicular end-disstolic diameter; MLVWT = left icular wall thick

MVR = mitral valve replacement; NYHA = New York Heart Association; PAF = paroxysmal AF; SR = sinus rhythm.
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defibrillator (ICD) because of amiodarone-induced pulmonary
fibrosis. One patient (FH011-II-8) underwent mitral valve
replacement and cardiac resynchronization therapy for
medically-refractory heart failure.

During follow-up (9.2 * 5.5 years), seven (23%) of the 30
patients (mean age: 62 * 10 years; range, 46 years to 76
years) were hospitalized for treatment of heart failure, and
four patients died or had ICD discharge (one heart failure-
death, two stroke-deaths, one ICD discharge; 13%; inci-
dence, 1.4%/year) (Table 3).

DISCUSSION

Hypertrophic cardiomyopathy is a heterogeneous myocardial
disorder and the phenotype is not a static manifestation; LVH
can appear at virtually any age and increase or decrease
dynamically throughout life (16,20). However, there have been
few studies on the phenotype-genotype correlation in terms of
longitudinal clinical evaluation. In this study, we examined the
clinical courses of patients with a founder mutation (V592fs/ 8)
in the MyBPC gene from 15 unrelated proband families. We
observed the longitudinal evolution of phenotype caused by
this mutation and concluded that the patients with this
mutation were likely to progress to “end-stage” HCM, char-
acterized by LV systolic dysfunction and cavity dilation, with
advancing age. To the best of our knowledge this is the first
report demonstrating direct longitudinal evolution of pheno-
type in relation to genotype. :
Disease penetrance and clinical manifestation. In the
present study, the mean age of patients at diagnosis was
47 + 15 years. During follow-up, two adults showed
development of LVH in mid-life, appearing for the first
time after 40 years of age. We found that disease penetrance
was 100% in subjects =50 years and 65% in those <50 years
of age. Our data are in accordance with previously reported
data for MyBPC mutations (12,14,21~24). Onset of the
disease seems to be late in life, although two patients are
diagnosed as having the disease at teenagers (HO007-11I-2
and H047-11I-1). These findings indicate that relatives of
the patients, even if they are old, should be screened for this
mutation. If genetic diagnosis is not available, middle-aged
or older relatives of the patients should be evaluated at least
every five years for family-screening strategies (2—4,14,25).
From a morphologic point of view, the degree of MLVWT
varied significantly (13 to 38 mm). None of the subjects
showed apical hypertrophy. Sudden death occurred in six
individuals from four families in the present study. It is
notable that most of sudden deaths occurred in subjects >50
years of age (83%; five of the six individuals) because sudden
death occurs most commonly in children and young adults,
although the risk extends across a wide age range through
mid-life and beyond (3,26,27).

Clinical course and prognosis. It was previously sug-
gested that LV remodeling involving some degree of LV
cavity enlargement and wall thinning could occur slowly
over the course of decades (28-32), although direct
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longitudinal evidence in relation to gene abnormality was
insufficient. In the present study, we were able to dem-
onstrate longitudinal LV remodeling in those with a
V592fs/8 mutation and also evolution to “end-stage”
HCM in the elderly (Fig. 2). HCM generally has been
associated with only mild disability and normal life
expectancy if sudden death can be avoided (27,33-35). In
this study, the clinical manifestation caused by this
mutation was late onset and prognosis was not poor in
terms of survival (4 [13%] of the 30 patients died or had
ICD discharge; incidence, 1.4%/year). However, a sig-
nificant subset of the patients is likely to suffer from
HCM-related cardiovascular events (repeated heart fail-
ure, stroke, and sudden death) later in their lives. The
clinical course in patients with this mutation is therefore
not benign in the long run, and careful management is
needed, particularly in middle-aged and older patients.
Genotype/phenotype relations. A V592fs/8 mutation in
the MyBPC gene is predicted to result in a truncation of the
protein, including loss of C-terminal myosin and titin
binding sites (36). Konno et al. (21) recently reported that a
missense mutation (Arg820Gln) in the MyBPC gene is
responsible for HCM with LV systolic dysfunction and
dilation in elderly patients. The function of MyBPC protein
has been elucidated by two recent studies using knockout
mouse models (37,38). Homozygous-null mice in which
full-length MyBPC protein was absent were viable and had
significant cardiac hypertrophy with decreased fractional
shortening. Furthermore, heterozygous MyBPC-null mice
presented a slight-but-significant decrease in MyBPC
amount and developed asymmetric septal hypertrophy (38).
Thus, we speculate that a collapse of sarcomere stability
compensated by residual MyBPC in heterozygous patients
may occur with advancing age and may lead to impaired
contractile function in the elderly.

Kokado et al. (39) reported that a Lys183 deletion mutation

in the troponin I gene in HCM patients was associated with
LV systolic impairment and dilation in those older than 40
years of age. Moolman et al. (22) presented that none of the
subjects with a single-base insertion in exon 25 of the MyBPC
gene showed LV systolic dysfunction and cavity enlargement,
although the subjects included several elderly patients. Thus,
underlying mutations may relate to the progress to the stage of
LV dysfunction and dilation. However, the fact that not all
elderly patients with the identical mutation develop “end-
stage” disease suggests that other genetic and/or environmental
factors are involved and underscores the genetic/phenotypic
heterogeneity of HCM. Further investigations are needed to
clarify these modifying factors.
Study limitations. Whether this particular mutation is more
related to the progression to “end-stage” HCM than the other
mutations in MyBPC gene or abnormal MyBPC itself is more
proneé to this phenotype than the other sarcomeric abnormal-
ities is unknown. Further studies on the phenotype-genotype
correlation in terms of longitudinal evolution are needed.
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Conclusions. A founder V592fs/8 mutation in the
MyBPC gene was identified in 15 of 94 Japanese families
with HCM. Elderly patients in particular may evolve to the
“end-stage” HCM, characterized by LV systolic dysfunc-
tion, cavity dilation, and irreversible heart failure. Although
the manifestation is late in onset, the clinical course in
patients with this mutation is not benign in the long run
with progressive LV remodeling with advancing age.

Reprint requests and correspondence: Dr. Yoshinori L. Do,
Department of Medicine and Geriatrics, Kochi Medical School,
Oko-cho, Nankoku-shi, Kochi 783-8505, Japan. E-mail: ydoi@
med.kochi-u.ac.jp.
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Common carotid intima—media thickness is predictive of all-cause and
cardiovascular mortality in elderly community-dwelling people:
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Abstract

Several cohort studies have examined the association of carotid intima-media thickness (IMT) with the risk of stroke or myocardial inf-
arction in apparently healthy pérsons. We invéstigated the predictive value of IMT of cardiovascular mortality in elderly community-dwelling
people, beyond the prediction provided by age and MMSE, assessed by means of a multivariate Cox model. Carotid IMT and plague were
evaluated bilaterally with ultrasonography in 298 people older than 75 years (120 men and 178 women, average age: 79.6 years) The LILAC
study started on July-25, 2000. Consultations were repeated every year. The follow-up ended on November 30, 2004. During the mean follow-
up span of 1152 days, 30 subjects (21 men arid nine Women) died. Nine deaths were attributable to cardiovascular causes (myocardial infarc-
tion: two men and three women; stroke: two men and two women). The age- and MMSE-adjusted relative risk (RR) and 95% confidence
mterval (95% CI) of developing all-cause mortality was assessed. A 0.3 mm increase in left IMT was associated with a RR of predicted 1.647
(1 075-2.524), and a similar increase in right IMT with a RR of 3.327 (1.429-7.746). For cardiovascular mortality, the corresponding RR
values were 2.351 (1 .029-5.372) and 2.890 (1.059-7. 891), respectively. Carotid IMT assessed by ultrasonography is positively associated
with an incréased risk of all-cause and cardlovasculax death in‘elderly community-dwelling people.
© 2005 Elsevner SAS All nghts reserved. ‘
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1. Introduction

Several prospective population-based studies docu-
mented that carotid intima-media thickness (IMT) was posi-
tively associated with stroke and myocardial infarction in
highly selected patients. Carotid IMT has also been shown
to predict fatal coronary death and fatal stroke in elderly
people [1-5]. It is now considered to constitute a surrogate
marker of cardiovascular morbidity and mortality risk not

only in patients, but also quite generally in young, middle- .

aged and elderly populations. .
In 2000, we began a community-based study to Longitudi-
nally Investigate the Longevity and Aging in Hokkaido County
(LILAC), and to evaluate the population’s neurocardiological
function. Our goal is the prevention of cardiovascular events,
including stroke and myocardial ischemic events, to prevent
the decline in cognitive function of the elderly in a community
dwelling. In this investigation, we estimated the ability of
carotid IMT to predict all-cause and cardiovascular mortality
in an elderly population. We already found that the cognitive
function, estimated by MMSE and HDS-R, and age statisti-
cally significantly predicted cardiovascular death in this popu-

lation. Herein, we examine the predictive value of all-cause -

and cardiovascular mortality offered by the carotid IMT,
beyond the prediction provided by age and MMSE, as assessed
by means of a multivariate Cox model.

2. Metheds
2.1. Subjects and LILAC study design

We examined 298 subjects (120 men and 178 women)
older than 75 years (average age: 79.6 years). BP was mea-
sured at the beginning of the study in a sitting position, and
the brachial-ankle PWV (baPWV) was measured between
the right arm and ankle in a supine position, using an ABY/
Form instrument (Nippon Colin Co., Ltd., Komaki, Japan).

The baPWV was measured using a volume-plethysmo- -

graphic method. baPWV was measured in duplicate after at
least a 5-min rest. Only baPWV measurements from partici-
pants with normal ankle/brachial pressure index (ABI)
values (>0.90) were considered. The maximal value among
the four readings was used for analysis. An echocardiogram
and a conventional ECG record were also obtained as usual.

2.2. Carotid artery assessment

To measure the carotid intima-media thickness, ultra-
sonography of the common carotid artery, carotid bifurca-

tion, and internal carotid artery of the left and right carotid -

arteries was performed with a 7.5-MHz linear-array trans-
ducer (SonoSite 180PLUS, Olympus, Tokyo). On a longitu-
dinal, two-dimensional ultrasound image of the carotid
artery, the anterior (near) and posterior (far) walls of the
carotid artery are displayed as two bright white lines sepa-
rated by a hypoechogenic space. The distance between the
leading edge of the first bright line of the far-wall (lumen—

- intima interface) and the leading edge of the second bright

line (media-adventitia interface) indicates the intima-media
thickness. For the near-wall, the distance between the. trai-
ling edge of the first bright line and the trailing edge of the
second bright line at the near-wall provides the best estimate
of the near-wall intima-media thickness. When an optimal
longitudinal image was obtained, it was frozen and the fro-
zen images were digitized. The beginning of the dilatation
of the distal common carotid artery served as a reference
point for the start of measurement. The average of the
intima-media thickness of each of the three frozen images
was calculated. For each individual, the common carotid
intima-media thickness was determined as the average of
near- and far-wall measurements of both the left and right
arteries. Usual lumen parameters including the common
carotid artery (CCA), systolic peak velocity (VPS) and end-
diastolic velocity (VED), measured by Doppler ultrasono-
gram, and the resistive index (RI) were also measured.

2.3. Heart rate variability

The first 1-h record of an ambulatory ECG obtained dur-
ing routine medical examination conducted each year in
July was processed for HRV, using a Fukuda-Denshi Holter
analysis system (SCM-280-3). Time-domain (SDNN) and
frequency-domain (spectral power in the “very low fre-
quency” - VLF: 0.003-0.04 Hz, “low frequency” - LF:
0.04-0.15 Hz, and “high frequency” — HF: 0.15-0.40 Hz
regions, and the LF/HF ratio) measures were determined.
SDNN was calculated over the whole 1-h record, whereas
the frequency-domain endpoints were computed as averages
from estimates obtained over consecutive 5-min intervals.
Spectral indices were obtained by the maximum entropy
method (MEM) with the MemCalc/CHIRAM program
{Suwa Trust Co., Ltd., Tokyo, Japan).

The Japanese version of the Mini-Mental State Examina-
tion (MMSE) and the Hasegawa Dementia Scale Revised
(HDSR) were used to assess the overall cognitive function,
including verbal orientation, memory, and constructional
ability (Kohs block test). The Up & Go test measured, in
seconds, the time it took the subject to stand up from a chair,
walk a distance of 3 m, turn, walk back to the chair, and sit
down again. This test is a simple measure of physical mobi-
lity and demonstrates the subject’s balance, gait speed, and
functional ability (Up & Go). A lower time score indicates
better physical mobility. Functional Reach (FR), used to
evaluate balance, represents the maximal distance a subject
can reach forward beyond arm’s length while maintaining a
fixed base of support in the standing position. A higher
score indicates better balance. Manual dexterity was
assessed using a panel with combinations of 10 hooks, 10
big buttons, and five small buttons, There were three dis-
crete measurements of time recorded for each participant
(10 “hook-on”s, 10 big “button-on-and-off”’s, and five small
“button-on-and-off”’s). The total manual dexterity time in
seconds, defined as the button score (Button-S), was calcu-
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lated by adding the average times for one hook-on and one
big or small button-on-and-off. A lower button score indi-
cates better manual dexterity.

2.4. All-cause and cardiovascular mortality

The follow-up span herein ended on November 30, 2004.
The follow-up time was defined as the time elapsed between
the date of the first (reference) examination and the date of
death.

2.5. Statistical analysis

All data were analyzed with the Statistical Software for
Windows (StatFlex Ver.5.0, Artec, Osaka, http://www.stat-
flex.net). We used Cox regression analysis to calculate the
unadjusted or adjusted relative risk (RR) and corresponding
95% confidence interval (CI) for all-cause and cardiovascu-
lar mortality. To identify independent predictors of morta-
lity, we used multivariate Cox regression analyses with
stepwise selection. Variables included in the multivariate
models were age, gender, BMI and HR variability indices.
Significance was considered at a value of P < 0.05.

3. Results

During the mean follow-up time of 1152 days, 30 subjects
(21 men and nine women) died. Nine deaths were attributable
to cardiovascular causes (myocardial infarction: two men and
three women; stroke: two men and two women).

3.1. All-cause mortality

Among the variables considered herein, Cox propor-
tional hazard models adjusted for age and MMSE found a
statistically significant association with all-cause mortality
only for gender, baPWV and carotid IMT, Table 1 (left).
Being 2 man had a relative risk of 3.570 (95% CI: 1.619-
7.874). A 200 or 500 cm/s increase in baPWV was associ-
ated with a relative risk of 1.122 (95% CI: 1.001-1.258) or
1.333 (95% CI: 1.002~1.774), respectively. A 0.2 or 0.3 mm
increase in left carotid. IMT was associated with a relative
risk of 1.395 (95% CI: 1.049-1.854) or 1.647 (95% CL
1.075<2.524), respectively. For the right carotid IMT, the
relative risk was 2.228 (95% CI: 1.268-3.915) or 3.327
(95% CI: 1.429-7.746), respectively.

3.2. Cardiovascular mortality

Age- and MMSE-adjusted predictors of cardiovascular
mortality were found to be baPWV and the carotid IMT,
Table 1 (right). A 200 or 500 cm/s increase in baPWV was
associated with a relative risk of 1.321 (95% CL 1.120-
1.558) or 2.005 (95% CI: 1.327-3.031), respectively. A 0.2
or 0.3 mm increase in left carotid IMT was associated with a
relative risk of 1.768 (95% CI: 1.019-3.067) or 2.351 (95%
CL: 1.029-5.372), respectively. For the right carotid IMT,
the relative risk was 2.029 (95% CL: 1.039-3.963) or 2.890
(95% CIL: 1.059-7. 891), respectively.

4. Discussion

The findings herein indicate that in elderly community-
dwelling people, independently of cognitive function, an
increased common carotid IMT is associated with an ele-
vated risk of both all-cause and cardiovascular mortality.
Among the many variables considered in this study, inclu-
ding lumen parameters of the carotid artery, various kinds of
parameters of echocardiography, heart rate variability, QT
interval, behavioral activities (Up and Go, functional reach
and button test), time perception and depressive mood, it is

noteworthy that only carotid IMT and baPW'V predicted the

occurrence of all-cause mortality and cardiovascular death.
It is important to realize that arterial blood flow in the com-
mon carotid artery, estimated by systolic peak velocity, end-
diastolic velocity and the resistive index is virtually normal
in these subjects. Kuller et al. [6] showed a considerably
increased risk of cardiovascular morbidity and mortality for
subjects with subclinical disease compared with subjects
with no signs of subclinical disease. These results are in
accordance with our finding that among subjects free from
symptomatic cerebrovascular and cardiovascular disease, an
increased IMT is associated with an increased risk of car-
diovascular mortality.

To our knowledge, this is the first prospective study for a
community-dwelling population to demonstrate statistically
significant associations with cardiovascular mortality of
carotid atherosclerosis, in a multivariate Cox model
adjusted for cognitive function. It is also noteworthy that
carotid IMT predicted not only cardiovascular mortality but
also all-cause mortality. Since an impaired cognitive func-
tion was associated with all-cause mortality in several popu-
lations, our observation after adjustment for age and MMSE
may have applications in clinical practice.

Several cross-sectional studies [7] have shown that
increased comimon carotid IMT may be useful as a marker
of atherosclerosis elsewhere in the arterial system, in keep-
ing with our finding that not only carotid IMT but also
baPWYV conferred an increased risk of cerebro- and cardio-
vascular mortality. It should be noted that the relative risk of
an increased IMT was higher than that of an increased
baPWYV, suggesting that IMT may be a better predictor than
baPWV. baPWYV is a novel noninvasive technique assessing
pulse wave transmission between the brachial and tibial
arteries [8]. It is considered to be an indicator of arterial
stiffness and a marker of vascular damage [9].

Our data suggest that measurement of IMT in subclinical
subjects may be useful to obtain an estimate of mortality
risk that is more precise than that based on the measurement

" of conventional risk factors alone, and may thus have addi-

tional predictive value. In addition, using IMT as a primary
outcome measure in intervention trials on the efficacy of
blood pressure or lipid lowering regimens, especially from
the viewpoint of chronodiagnosis and chronotherapy, may
lead to major applications in clinical practice to reduce the
progression of atherosclerosis.
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Table 1 :
Age- and MMSE-adjusted relative risk of all-cause and cardiovascular mortality in elderly population
Variables All-cause mortality Cardiovascular mortality
n RR - 95% C1 P-valie n RR 95% CI P-value
Gender 291 3.570 1.619-7.874 0.0016 271 N.S.
BMI 279 N.S. 260 N.S.
SBP 279 N.S. - 259 N.S.
DBFP 278 0.0733 259 NS.
PP 218 N.S. 259 N.S.
Postural BP change 276 0.0818 256 0.0818
Pulse rate 279 N.S. 259 N.S.
Up and Go 288 N.S. 269 N.S.
FR 287 NS. 268 N.S.
Button 289 N.S. 269 NS.
HDSR 291 N.S. 271 0.0762
Kohs 272 NS, 253 N.S.
GDS 273 NS. 254 N.S.
Time estimation (60A) 258 N.S. 244 N.S.
Time estimation (60B) 252 N.S. 240 N.S.
HR 243 NS. 229 N.S.
VLF 191 NS. 182 NS.
LF 189 NS. 180 N.S.
HF 192 NS. 183 NS.
LF/HP 192 0.0936 183 0.0936
SDNN 191 N.S. 182 N.S.
Lown 273 N.S. 253 N.S.
PWV (200) 242 1.122 1.001-1.258 0.0487 223 1.321 1.120-1.558 0.0010
PWV (500) 242 1.333 1.002-1.774 0.0487 223 2.005 1.327-3.031 0.0010
ABI 260 N.S. 241 NS.
IMT Lt (0.1) 130 1.181 1.024-1.362 0.0220 128 1.330 1.010-1.751 0.0426
IMT Lt (0.2) 130 1.395 1.049-1.854 0.0220 128 1.768 1.019-3.067 0.0426
IMT Lt (0.3) 130 1.647 1.075-2.524 0.0220 128 2.351 1.029-5.372 0.0426
IMT Rt (0.1) 129 1.493 1.126-1.979 0.0053 126 1424 1.019-1.991 0.0383
IMT Rt (0.2) 129 . 2.228 1.268-3.915 0.0053 126 2.029 1.039-3.963 0.0383
IMT Rt (0.3) 129 3.327 1.429-7.746 0.0053 126 2.890 1.059-7.891 0.0383
Lt CCA 131 0.0682 128 N.S.
Rt CCA 127 0.0699 124 NS.
Lt VPS 130 N.S. 127 N.S.
Rt VPS 129 N.S. 126 N.S.
Lt VED 130 N.S. 127 N.S.
Rt VED 128 N.S. 125 N.S.
LtRI 123 N.S. 120 N.S.
Rt RI 114 0.1069 111 N.S.
LvMI 135 N.S. 126 N.S.
Calcification of M-valve 151 N.S. 141 N.S.
Calcification of A-valve 150 N.S. 140 N.S.
LVDd 135 N.S. 126 N.S.
%FS 135 N.S: 126 N.S.
EF 135 N.S. 126 NS.
E 146 N.S. 137 N.S.
A 146 NS. 137 NS
E/A 146 0.0624 137 N.S.
DT 143 N.S. 134 N.S.
QTd 134 N.S. 125 N.S.
QT 177 NS. 167 0.0505
QTc 175 N.S. N.S.

165.

Gender: male versus female; Lt = left; Rt = right.
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We conclude that carotid IMT assessed by ultrasonogra-

phy is positively associated with an increased risk of all-
cause mortality and cardiovascular death in particular. This
study provides supportive evidence for the use of IMT mea-
surements as an intermediate endpoint in intervention trials.
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VERTICAL GROUND REACTION FORCE SHAPE IS ASSOCIATED WITH GAIT
PARAMETERS, TIMED UP AND GO, AND FUNCTIONAL REACH IN
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Objective: The aim of this study was to evaluate the
relationship between knee pain and various indicators of
the combined performance of the lower extremity (including
gait parameters, functional performance such as timed up
and go, and functional reach test) and to determine whether
the classification of vertical ground reaction forces correlates
with gait parameters and functional performance.

Subjects and Methods: Simultaneous analysis of gait, time-
distance parameters and vertical ground reaction force.
Timed up and go, and functional reach test were examined in
130 elderly women. The vertical component of the ground
reaction force was grouped into 2 categories: M-shaped and
non-M-shaped.

Results: No significant association was found between knee
pain and timed up and go, functional reach test, or gait
parameters in elderly female participants. There were
significant differences between subjects with M- and non-
M-shaped vertical ground reaction forces with regard to
timed up and go, functional reach test and Japan Ortho-
paedic Association score. There were also significant
differences between the 2 groups (M shaped and non-M-
shaped) in gait parameters.

Conclusion: Evaluation of the vertical ground reaction force
to determine its shape may be a useful and simple tool in the
analysis of gait and functional performance,

Key words: knee pain, gait analysis, elderly females, ground
reaction force, osteoarthritis.
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INTRODUCTION

Osteoarthritis of the knee is one of the most common diseases in
elderly females. There are several ways of testing locomotor
function of the lower extremity, including measures of muscle
strength, gait analysis and some types of knee evaluation scales
(1-3). However, there is limited evidence that these parameters

© 2004 Taylor & Francis. ISSN 1650-1977
DOI 10.1080/16501970310018297

are highly correlated with the functional state of the knee. Gait
analysis is becoming recognized as an important clinical tool in
orthopaedics, in pre-surgery planning, post-surgery monitoring
and in a posterior evaluation of various corrective interventions
(4, 5). However, it is sometimes difficult for clinicians to analyse
the large amounts of data gathered in the assessment of gait time
and distance parameters (5).

Objective quantitative assessment of mobility and balance is
important for older people because problems with gait and
balance can result in a restriction of activity. The Timed Up and
Go (TUG) test correlates with gait speed, balance and movement
of the lower extremities (6). The Functional Reach (FR) test is a
simple measurement of standing balance that can predict falls in
elderly people (7, 8).

There have been several reports concerning gait analysis in
osteoarthritis of the knee (1,9). The vertical ground reaction
force (VGRF) has been shown to be a reliable and repeatable
feature of gait (10-11). There have been numerous studies
regarding ground reaction forces during walking (12-14). Gait
speed significantly affects VGRF (12, 13, 16). The VGRF varies
continually from the instant of initial contact until the foot leaves
the supporting surface (17). Body mass, proportions, walking
style and balance all affect VGRF (17).

There have been only a few reports regarding the relationship
between VGRF and various gait parameters in elderly females
with osteoarthritic knees. Analyses that include a classification
of VGREF have also been limited. Thus, in this study, we focused
on the vertical ground force component, classified into 2 groups:
M-shaped, also known as a “dual-hump” shape (18) and non-M-
shaped. The purpose of this study was to evaluate the relation-
ship between knee pain and various indicators of the combined
performance of the leg, including gait parameters, functional
performance, TUG and FR and to determine whether the
classification of VGRF is correlated with gait parameters and
functional performance.

MATERIAL AND METHODS

Subjects

We defined the subjects with osteoarthritic knee as having knee pain and
less than 100 points of Japan Orthopaedic Association (JOA) score. We
have been performing annual medical checks of adults aged 65 years and
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Table 1. Japan Orthopaedic Association scores based on the
osteoarthritic knee evaluation form

Pain on walking (maximum 30 points) Score
No pain, walking unlimited 30
Pain, walking unlimited 25
Pain, walking distance of 0.5-1 km 20
Pain, walking less than 0.5 km 15
Pain, walking only indoors 10
Cannot walk 5
Cannot stand 0

Pain on ascending or descending stairs (maximum

25 points)

No pain 25

Pain, relieved by using handrails 20

Pain, with handrails, but no pain with each step 15

Pain, with each step, pain relieved by using 10
handrails

Pain, with each step even with handrail use 5

Cannot ascend or descend 0

Range of motion (maximum 35 points)

Kneeling 35
Sideways or cross-legged sitting 30
More than 110° 25
75°-109° 20
35°-74° 10
Less than 35° 0
Joint effusion (maximum 10 points)
No effusion 10
Occasional puncture required 5
Frequent puncture required 0
Maximum total points 100

over who live in the community in Kahoku of Kochi prefecture since
1994, We then examined the locomotor ability of the subjects.

The mean age of the 130 participants was 80 years (tange 65-94
years), with a mean height of 143.0 cm. Knee pain while walking was
classified into 3 groups: no pain (45%)), unilateral pain (28%) or bilateral
pain (26%).

Average maximum flexion for all subjects was 140.9 & 13.4 degrees.
Average maximum extension was 52 6.1 degrees. JOA scores
determined from the osteoarthritic knee evaluation form (Table I)
were used for the evaluation of knee function (19). JOA (0-100 points)
scores averaged 90.1  12.9 points. The distance between the medial
chondyles was evaluated, and averaged 2.5 + 1.4 fingers breadth.

Co-morbidities of the subjects included hypertension (31.6%), cardiac
arrhythmia (6.1%), coronary artery disease (3.2%) and diabetes mellitus
(5.7%). Eighteen subjects with the following conditions were excluded
from this study: knee disorders after total knee arthroplasty (5 patients),
high tibial osteotomy (2 patients), miscellaneous knee operations (2
patients), osteosynthesis (1 patient), multiple cerebral infarctions (7
patients) and Parkinson’s disease (1 patient).

M shaped : - <0.85 and - <0.85

Amplitude

Time

Fig. 1. Calculation of M-wave shape of vertical ground reaction
force. M-shaped was defined as Y/X and Y/Z less than 0.85. All
others were defined as non-M-shaped.

Gait analysis

The interviewer asked to record the gait parameters of subjects who were
able to walk a distance of 10 metres. Subjects were allowed to wear their
usual clothes and use their preferred (normal) speed while walking a 7-
metre-long course. The first and last 2—3 metres on the walkway were not
considered for measurement.

A Gait Scan® 8000 (Nitta Co. Ltd, Osaka, Japan) of gait-pattern
measurement system consisting of a thin-film sensor walkway, a
computer for automatic recording of the data was used in this study.
This gait analysis device consists of a sensor seat (264 x 52cm), a
connector unit which fixes the sensor seat, and an interface board with a
personal computer and software for data analysis.

Gait parameters, temporal distance and time factors, and ground
reaction forces were measured simultaneously. Ground reaction force
data for both legs was collected at a self-selected walking speed. The
peak force was measured as the highest VGRF that occurred anytime
during the stance phase, while the lowest VGRF occurred during the
mid-stance phase.

Patients were classified into 2 groups based on the VGRF: M-shaped
and non-M-shaped (Fig. 1). We defined M-shaped as lowest/highest
x 100 (%) of less than 85. We assessed the shape of the VGRF for every
step and classified individuals based on the result that was obtained for
the greater number of steps. The mean gait variables measured in this
study were walking speed (metres/sec), stride length, step width (cm),
time of stride, time of single stance and time of double stance (sec). The
distance parameters of stride length and step width were normalized for
the height of the subject (15).

Functional performance
Timed up and go
To measure TUG, subjects were given oral instructions to stand up from

Table II. Data (mean (SD)) for patients without pain, with unilateral and bilateral pain in elderly females

No pain (n=159)

Unilateral pain (n=37) Bilateral pain (n=34)

Body weight (kg) 45.2 (7.53)
Timed up and go (sec) 13.0 (3.0)
Functional reach (cm) 20.6 (7.2)
Stride length (cm) 63.2 (9.21)
Stride width (cm) 5.4 (2.20)
Time of stride (sec) 1.1 (0.117)
Time of single stance (sec) 0.58 (0.059)
Time of double stance (sec) 0.16 (0.037)
Gait speed (m/s) 0.6 (0.115)

472 (7.49) 52.2 (8.94)
13.8 (4.51) 15.1 (7.28)
21.0 (7.07) 23.1 (6.89)
61.1 (11.7) 61.7 (10.9)
5.7 (2.14) 5.6 (1.92)
1.1 (0.179) 12 (0.167)
0.59 (0.073) 0.60 (0.082)
0.17 (0.052) 0.18 (0.069)
0.56 (0.147) 0.54 (0.135)
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Table III. Participant characteristics given as mean (SD)

Height (cm) Weight (kg) JOA (point) TUG (sec) FR (cm)
Right side
M-shaped (rn=32) 143.8 (7.2) 46.1 (8.6) 95.2 (10.3) 11.6 (2.3) 22.5(6.9)
Non-M-shaped (n=47) 1424 (5.2) 45.9 (7.4) 86.6 (13.5) 14.6 (4.5) 18.4 (8.2)
p=0.187 p=0.96 p=0.0013 p <0.0001 p=0.026
Left side
M-shaped (n=29) 143.1 (8.1) 45.8 (8.1) 96.9 (6.25) 11.35 (2.25) 22.9 (7.56)
Non-M-shaped (n= 50) 1429 (4.7) 46.2 (7.8) 86.1 (14.1) 14.5 (4.44) 18.45 (7.74)
p=041 p=092 p=0.0002 p < 0.0001 p=0.026

JOA: Japan Orthopaedic Association; TUG: timed up and go; FR: functional reach

a chair, walk 3 metres as quickly and as safely as possible, cross a line
marked on the floor, tumn around, walk back and sit down (6).

Functional reach. FR represents the maximal distance a subject can
reach forward beyond arm’s length while maintaining a fixed base of
support in the standing position (7, 20).

Statistics

Data were expressed as a mean and standard deviation (SD). Differences
between groups were evaluated using a Kruskal Wallis test for the
analysis of knee pain (Table II) and a Mann-Whitney U test for the
analysis of VGRF (Tables Il and IV). Statistical significance was set at p
<0.05.

RESULTS

Occurrence of knee pain showed a significant association with
body weight; however, there was no significant difference
between patients with or without pain and TUG, FR, or any gait
parameters (Table II).

The shape of the VGRF was associated with certain measures
of functional performance, as well as the JOA score (Table III).
Patients exhibiting an M-shaped VGRF on the right and left
sides had shorter TUGs and longer FRs than patients with a non-
M-shaped VGRF. The total JOA score was greater for the M-
shaped group than for the non-M-shaped group. Within both
groups, the ground reaction forces were similar on left and right
sides.

Several gait parameters varied according to the shape of the
VGRF (Table IV). Stride length was longer for the M-shaped
VGFR group than for the non-M-shaped VGRF group. The
times of stride and single and double stance were shorter in the
M-shaped VGRF group than in the non-M-shaped group. The

walking speed of the M-shaped group was faster than that of the
non-M-shaped group. There was no significant difference
between the 2 groups in the step width on both sides.

DISCUSSION

Osteoarthritis of the knee is common in elderly females and it is
well-known that it is associated with gait disturbances. There
have been numerous reports regarding the relationship between
osteoarthritis and gait parameters. An evaluation of the relation-
ship between gait parameters and knee pain in elderly females
found no significant association between knee pain and gait
parameters or functional performance. Findings such as these
have suggested that numerous factors, such as the posture of the
trunk, lumbar lesions, the condition of other joints (such as the
hip and ankle) and mental status, all contribute to gait
parameters in elderly females. Therefore, it is important to
consider these factors in the analysis of people with knee pain.
An advantage of gait analysis as a diagnostic or research tool
is that many factors can be assessed at one time; however, proper
evaluation of the resulting data can be complex. Quantitative
data of time and distance parameters of gait analysis is difficult
to understand and interpret whether it is within normal or not.
One study showed no overall abnormality in the shape or
amplitude of the ground reaction force measured for the natural
gait of knee-pain subjects (21). The present study, which
involved the evaluation of one simple aspect of the VGRF
(classified as M-shaped and non-M-shaped), showed that the
shape of the ground reaction force was correlated with the pain

Table 1V. Gait parameters (mean (SD)) for subjects with M-shape and non-M-shape of vertical ground reaction Jorce

Stride Step Time of
length width Time of Time of single double stance Gait speed
(cm) (cm) stride (sec) stance (sec) (sec) (m/s)
Right side
M-shaped (n=32) 70.1 (8.7) 5521 1.03 (0.09) 0.5 (0.04) 0.1 (0.02) 0.7 (0.11)
Non-M-shaped (n=47) 55.8 (89.9) 5.8 (2.3) 1.2 (0.15) 0.6 (0.07) 0.2 (0.047) 0.5(0.1)
» <0.0001 p=0712 »<0.0001 p < 0.0001 p <0.0001 p < 0.0001
Left side
M-shaped (n=29) 70.6 (9.2) 5.5 (2.08) 1.0 (0.087) 0.54 (0.042) 0.1 (0.02) 0.69 (0.12)
Non-M-shaped (n=50) 56.5 (9.9) 6.0 2.47) 1.8 (0.15) 0.61 (0.075) 0.2 (0.046) 0.5(0.11)
p < 0.0001 p=0.146 P <0.0001 p <0.0001 p <0.0001 p <0.0001
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component of the JOA score. In another study, increased gait
speed was associated with shorter force periods and larger peak
forces (16).

In the present study we found that there were no differences
between the right and left legs with respect to gait parameters,
functional performance or the shape of the ground reaction
force. Consistent with our findings, another study showed no
significant differences between the right and left foot with
respect to ground reaction force during walking (22).

In our study we found that both gait parameters and functional
performance were significantly correlated with the shape of the
VGRF. Several previous studies have examined VGRFs in
normal subjects and patients with osteoarthritis; however, prior
to the present study, there was little known concerning the
relationship between the VGRF and gait parameters or
functional performance in elderly females with knee osteoar-
thritis. In one study it was found that the 2 peaks in the vertical
component measured for the affected side in knee-osteoarthritis
patients became less apparent, with significantly lower magni-
tudes than in normal subjects (18). In addition, patterns of
VGRFs were nearly identical during overground and treadmill
walking (23) and the general waveform and its characteristic
features did not seem to be affected by the sex of normal subjects
(18). In the present study, we could not find a correlation
between pain and the mechanism of the shape of VGRF. Further
study is needed to clarify the changing mechanism of VGRF in
osteoarthritic knee.

In the present study, we did not examine inter-rater reliability:
future study is needed to investigate this and the validity with
respect to M-shape and gait analysis.

In conclusion, our classification of VGRF is a simple and
useful tool for assessment of gait function. It was correlated with
many parameters of gait and functional performance, such as
TUG and functional reach. Our study indicated that a change in
the VGRF, from non-M-shaped to M-shaped, is crucial to the
improvement of gait parameters and gait performance. Further
studies are needed to seck methods for altering the shape of the
ground reaction force.
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