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Our experience with ball valve replacement of the mitral valve during the past decade is presented
in terms that allow comparison with other techniques. The use ofsuch prostheses is characterized by
ease of implantation, with an overall operative mortality of II per cent for isolated mitral re-
placement and 13 per cent for multiple valve replacement. The operative mortality for isolated
mitral valve replacement during I969 and thus far in 1970 has been nil. The late mortality was
13 per cent for isolated mitral replacement and 20 per cent for multiple valve replacement.
Forty-three per cent of the total late deaths were clearly unrelated to the prosthetic device itself.

The overall incidence of late infection and leak is less than I per cent and the immediate
haemodynamic benefit is not altered by loss of structural integrity of the prosthesis.

The most serious problem after mitral valve replacement with the ball valve prosthesis is that of
thromboembolic complications. While thrombotic stenosis of the prosthesis is a rarity, embolic
episodes, usually cerebral in type, have been noted in 63 per cent of the patients surviving mitral
valve replacement with the earliest model ball valve from August I960 to February I966.
Improvements in valve design have resulted in a remarkable decrease in this incidence as examined
by actuarial techniques and taking into account the duration offollow-up. The extension of the
cloth sewing margins to the orifice of the valve while maintaining a metallic orifice and metallic
cage (Model 6120) resulted in a drop of the thromboembolic rate to 17 per centfrom April I965
to April 1969.

The development of the totally cloth-covered prosthesis hasfurther improved these results, with
only one thromboembolic complication after isolated mitral valve replacement with the Model
6310 valve in a series of 66 consecutive patients. In clinicalpractice this has resulted in the avoid-
ance of the use ofanticoagulant therapy in patients in whomfor a variety of reasons this carries an
increased hazard. With further follow-up it may be possible to discontinue the routine use of
anticoagulants.

The past decade has seen considerable pro-
gress in the surgical management of mitral
valve disease. The selection of patients for
operation, the application of a replacement or
reparative procedure, and the physiological
basis for sound postoperative care are well
established. However, the method of choice
for replacement of the mitral valve, whether
by prostheses of synthetic material, prostheses
of diverse biological material, or autogenous
tissue, is still under consideration.
Our own experience has been overwhelm-

ingly with the ball valve prostheses (Starr and
Edwards, I96I). The purpose of this report
is to review this experience in terms of early
and late morbidity and mortality in a manner
that allows easy comparison with other tech-
niques. The control of thromboembolic com-
plications by a logical sequence of changes in
design of the ball valve prostheses is clearly

shown. The results obtained with the current
generation of such valves provide a standard
to be met by alternative techniques.

Clinical Material
Our experience with open heart surgery of the
mitral valve is shown in Fig. I. During the decade
from August I960 to June 1970, of 754 such
patients 29 per cent had a reparative procedure,
41 per cent had isolated mitral valve replacement,
and 30 per cent had multiple valve replacement.
In the replacement group the ages ranged from 13
to 74 with a mean of 49. All the patients were New
York Heart Classification III or IV. All patients
requiring multiple valve replacement and most of
the isolated valve patients had chronic rheumatic
valvulitis. Replacement was performed in rare
instances for congenital abnormalities such as
atrioventricular canal or congenital mitral stenosis.
While most patients with ruptured chordae
tendineae had a reparative operation, in some
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48 Albert Starr

FIG. I Open heart surgery of the mitral
valve in 754 patients from August i960 to
June 1970.

instances in which the ruptures were multiple a
replacement was performed.
The importance of correction of associated

valve disease was recognized early in our experi-
ence (Starr et al., i964a, b). The first combined
mitral and aortic replacement was performed in
July I962 and the first triple valve replacement in
February I963. While preoperative haemo-
dynamic and contrast studies were performed in
most patients, the median stemal splitting
approach was adopted to allow a thorough re-
assessment of all the valvular pathology so that
total correction could be performed. The
management of tricuspid valve disease is as previ-
ously reported (Starr, Herr, and Wood, I966a;
Starr, I969). While tricuspid commissurotomy is
applicable to some patients, tricuspid valve re-
placement is performed in most patients with
severe organic tricuspid valve disease. The tri-
cuspid valve is also replaced in patients with far-
advanced and irreversible functional tricuspid
regurgitation. This condition is due to prolonged
right ventricular hypertrophy and dilatation and
results in a relative subvalvular shortening
associated with varying degrees of annular dilata-
tion. In our experience annuloplasty has not been
effective in overcoming this complex dispropor-
tion between valve and ventricle over the long
term.
During the past few years coronary arterio-

graphy has been used with increasing frequency
in patients over 40 years of age. Patients with
associated coronary lesions amenable to saphenous
vein bypass procedures have been accepted for
combined operations. Patients with advanced and
irreparable coronary artery disease are excluded
for operation.

Prostheses
The various models of the mitral ball valve pros-
thesis used in man from August I960 to the present
time are shown in Fig. 2. The first two patients
had implantation of a lucite caged valve with
silicone rubber ball and Teflon sewing ring (Fig.
2A). This was a bulky prosthesis with consider-
able clearance between the ball and cage legs and
a relatively small orifice to ball ratio. Both valves
were recovered at necropsy without evidence of
deterioration or malfunction. In one patient the
valve was well healed without thrombus formation
and death was due to an arrhythmia related to
myocardial fibrosis occurring five years after
implantation. In the other, death was due to
thromboembolic disease ten years after implanta-
tion. Considerable thrombus was found on the
exposed lucite surfaces.

Subsequent patients had implantation of a
metallic caged ball valve, the first few of stainless
steel and the remainder of Stellite 2I. These are
divided into four major models: the 6ooo,
6I20, 6300, and 6310 series. A critical evalua-
tion of our clinical results must be made in
terms of valve design. The Model 6ooo valve
(Fig. 2B) has a broad metallic outflow and in-
flow face, relatively thick struts, a long stroke, a
small ball to orifice ratio, and a silicone rubber
ball. In March I965 this was supplanted by the
Model 6I20 series with changes aimed at im-
proving hydraulic function, reducing cage size,
and reducing the incidence of thromboembolic
complications. In this prosthesis the Teflon cloth
sewing margin was extended to the orifice so that
the broad metallic surfaces, both on the inflow and
outflow face of the base of the prosthesis, were
removed. A flange-shaped sewing ring was intro-

FI G. 2 Starr-Edwards mitral prostheses. (A)
Early prototype. (B) Model 6ooo. (C) Model
6120. (D) Model 6300.

A
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Mitral valve replacement with ball valve prostheses 49

duced which would overlap the mitral annulus on
the atrial side and diminish the incidence of peri-
valvular leak. The struts were thinned, the orifice
to ball ratio increased, the stroke decreased, and
the clearance between the silicone rubber ball and
the struts was decreased to further reduce the bulk
of the cage. This prosthesis provided superior
hydraulic function to the previous model of the
same external dimensions (Fig. 2C).

In April i967, after two years of experience in
the animal laboratory, the first totally cloth-
covered prosthesis was used in man for mitral
replacement in the form of the Model 6300 series
(Fig. 2D). This prototype valve contained a hollow
metallic ball of Stellite with a specific gravity of
ogoo in a cage of Stellite 21 covered by Dacron or
more commonly Teflon cloth, or both. Fig. 3
shows a Model 6300 in place nine months after
implantation in a patient killed in an automobile
accident. There is complete covering of the valve
with a glistening transparent autogenous tissue.

In order to protect the cloth in the orifice from
the shear forces produced by ball closure the
orifice to ball ratio was reduced considerably,
resulting in some decrease in hydraulic perform-
ance as compared with the Model 6I20. This was
confirmed by postoperative cardiac catheterization
and led, in December I968, to the clinical use of
the current cloth-covered 6310 series (Fig. 4).
This prosthesis has a sewing ring of Teflon and
polypropylene, the former for lubricity and the
latter for structural integrity. The struts are
covered with two layers of cloth: an inner Teflon
layer to form a suitable bed for an outer layer of
polypropylene. The orifice to ball ratio was in-
creased to produce hydraulic function comparable
to the Model 6120. Protection of the cloth in the
orifice is provided by small metallic studs spaced
between Teflon or currently polypropylene fibres.
Fig. 5 shows a composite orifice valve (Model
63I0) removed nine months after implantation
because of a large perivalvular leak. Neointima
covers the entire valve except for the small
metallic studs. There is no thrombus material at
the junction of the metallic studs and cloth.
With the introduction of the composite seat,

tear of the orifice cloth has not been seen. Partial
thickness tear of the strut cloth with the earlier
model totally cloth-covered valve (Model 6300)
has been observed in one specimen in our series
but was of no functional consequence. A strut
cloth tear has not been seen with the current strut
covering of double layer Teflon or inner layer
Teflon and outer layer polypropylene. Much has
been learned about the mechanism and correction
of strut cloth tear from extracorporeal accelerated
fatigue tests. These show that the first step in the
process is a spreading apart of the longitudinal
fibres on the inner aspect of the strut, followed by
wearing down of the transverse fibres due to
contact with the ball. Measures taken to avoid
separation of longitudinal fibres and to lessen
lateral excursion of the ball have greatly
diminished the rate at which cloth tear may occur.
In addition, polypropylene is superior to Teflon
or Dacron in this respect. It is not likely, there-

FI G . 3 Model 6300 mitral prosthesis nine
months after implantation. Note absence of
thrombus material and the glistening neointima
covering the cloth surfaces.

fore, that strut cloth tear will be a significant
problem after mitral valve replacement with
totally cloth-covered valves. Careful and con-
tinued observation, however, will be necessary to
confirm this, since extracorporeal fatigue studies
cannot be used as an accurate projection of in vivo
future performance.

FIG. 4 Model 63I0 with sewing ring of
Teflon and polypropylene.
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50 Albert Starr

FIG. 5 Model 63IO prosthesis removed nine
months after implantation because of peri-
valvular leak. Note the glistening neointima
covering the cloth up to the metallic studs. No
thrombus is present on the valve.

Results
The operative mortality in this series consists
of all deaths occurring during the first month
after implantation, or occurring later but due
to a complication starting in the first month
(Table i). There has been a sharp reduction

TABLE i Total mitral valve replacement:
Operative mortality in 544 patients, August
1960 to June 1970

No. of Operative
patients mortality (%)

Isolated
I960-i968 24I I3
I969-i970 71 0

Multiple
I960-i968 I82 I3
I969-i970 50 I2

in operative risk in patients having isolated
mitral replacement with no mortality in i969
and thus far in I970. All of these patients had
implantation of the Model 63IO prosthesis.
The immediate risk of multiple valve replace-
ment of I2 to I3 per cent has not changed with
increasing experience. The overall operative
and late mortality for isolated and multiple
valve replacement is shown in Fig. 6. While
the operative mortality is comparable in both
groups, the late death rate is higher in the
multiple valve patients. The risk in tricuspid
valve replacement is shown in Table 2 and

FIG. 6 Overall operative and late mortality
for isolated and multiple valve replacement.

TABLE 2 Tricuspid valve replacement.
Mortality, February 1963 to March 1970

Replacement type No. of % Mortality
patients

Operative Late

Mitral and tricuspid 44 14 2
Triple 44 I86Ic8

TABLE 3 Cause of late death

Isolated Multiple

Related to prosthesis
Bacterial endocarditis 2 2
Mechanical (ball variance, leak) o 3
Thromboembolism 10 15
Reoperation 0 2
No necropsy or unknown 4 12

Unrelated to prosthesis
Heart related

Coronary artery disease 4 5
Chronic congestive failure 0 3
Myocardial fibrosis 6 3
Arrhythmias, sudden death 3 3
Residual valve disease I 0

Other disease or trauma 7 2

Total 37 50

does not differ from the remainder of the
series.
The causes of late death are listed in Table

3. These are divided into those possibly
related to the presence of an intracardiac
prosthesis or those clearly unrelated to the
prosthesis. The incidence of fatal thrombo-
embolic complications is greater in the multi-
ple valve patients and this accounts in part for

ISOLATED
312

MULTI PLE
232

OPERATIVE
- DEATH N

- LATE -
DEATH

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.33.S
uppl.47 on 1 January 1971. D

ow
nloaded from

 

http://heart.bmj.com/


Mitral valve replacement with ball valve prostheses Si

the increased late mortality. The reason for
this is the greater possibility of coronary
embolus after aortic valve replacement com-
pared with isolated mitral replacement. The
special referral of patients from distant
centres to Oregon for multiple valve replace-
ment accounts for the larger number of such
patients without necropsy informationcompar-
ed with the isolated valve replacement group.
Coronary artery disease was one of the more
common causes of late death. In addition,
there were many instances of myocardial
fibrosis leading to death from chronic con-
gestive heart failure or from sudden arrhyth-
mia unrelated to coronary artery disease. The
aetiology of myocardial fibrosis in these
patients was not apparent on histological
examination.

Time-related mortality and morbidity
rates
An evaluation of late death and morbidity
must be related to the duration of follow-up
to provide meaningful data. The incidence of
bacterial endocarditis, reoperation, late death,
and thromboembolic complications is shown

Aug. 1960- Feb. 1966 204 Survivors
nfection Free

I -1

24 36 48 60

Postoperative Months

FIG. 8 Total mitral valve replacement.
Model 6ooo.

April 1965 - April 1969

100

90

Aug. 1960 - Feb. 1966

40

20

89 Patients
99% Infection Free

'--A
94% No Reoperation

79% Survival

-O N 37 Embti re
- o_ O~~~~~~~~~-

37% Emboli Free

80~

70

0

71 Survivors

->A *A-AA-A A- A 99% No Infection

- 0o -o. * 92% Living

o-o 83/% Emboli Free

NO REOPERATION

6 12 24 36 48 60

Postoperotive Months

FIG. 9 Isolated mitral valve replacement.
Model 6I20.

1 12 24 36 48 60
Postoperative Months

FIG. 7 Isolated mitral valve replacement.
Model 6ooo.

for the vaious model ball valves in a series of
actrial curves in Fig. 7 tO 14. The number
of patients without these complications as a
.ercentae of the total number surviving at
lhe end of the first postoperative month is
plotted against the months of follow-up. The
curves are not extended beyond an arbitrary
interval, the longest being five years, since the
number of patients becomes very small. For
each model valve two curves have been drawn,
me for isolated mitral replacement and one
for mitral replacement associated with re-
placement of another valve.
These cbarts show that while bacterial
S

April 1965 - Jan. 1969

too r

a so

70

a.

60

-T

122 Patients

99% Infection Free

*_9° O 97% No Reoperotion

86% Survival
* a

80% Thromboembolism
Free

1 12 24 36 48
Postoperative Months

FIG. IO Total mitral valve replacement.
Model 6120.
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52 Albert Starr

Sept. 1967- Dec. 1968 39 Survivors Sept. 1967 - Dec. 1968

100

90

70

100
.0

I* 92% Emboli Free

85% Living

_ NO REOPERATION
NO INFECTION

r
6 12

Postoperative Months

18

FIG . II Isolated mitral valve replacement.
Model 6300.

endocarditis may occur many months or years
after operation, the incidence is between o and
2 per cent for various model valves. The need
for reoperation is I0 per cent at the end of five
years in the multiple valve series and 6 per
cent in the isolated valve series with the old
Model 6000 prosthesis. This reflects the high

incidence of perivalvular leak early in our

experience with mitral replacement, before
the development of the high porosity, com-
pressible flange-shaped sewing ring. The
higher incidence ofreoperation in the multiple
valve group results from the problem of ball
variance with the earlier Model iooo aortic
prosthesis. The reoperation rate at 48 months
for the Model 6I20 mitral prosthesis is much
lower with 3 per cent for the multiple valve
series and o per cent for the isolated valve
series. The improvement in the late death rate
with the Model 6I20 prosthesis compared with
the earlier Model 6ooo prosthesis is related to
the greatly diminished incidence of throm-
boembolic complications with the former.
Thus at 6o months only 37 per cent of the
patients with isolated mitral replacement with
the Model 6000 valve are free of thrombo-
embolic complications, while at 48 months 83
per cent are emboli free with a comparable
series of Model 6120. The difference in the
slope of the curves in Fig. I5 for the two pros-
theses is striking. It is also apparent from this
figure that the current Model 6310 prosthesis
has resulted in further improvements com-
pared with the 6I20 valve with only one em-
bolus occurring at three months in the isolated
valve series and two emboli in the multiple
valve series, the latest at 14 months.
The overall incidence and severity of late

thromboembolic complications in 448 long-
term surviving patients is shown in Fig. I6.
More than one half of the thromboembolic
episodes were transient hemiparesis, or

90

5.

t 80

0..

5-% 70

60

1 6

FIG. I2 Totalm
Model 6300.

Jan. 1969 - June 1970
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-A-~-------A 97% No Reoperation
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--~ o O-o79% Living

12 18 24 30
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titral valve replacement.

66 Survivors

loo C A * 100% Living
°___°__ -a 98.5% Emboli Free
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NO LATE OEATHS
NO OPERATIVE DEATHS
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Postoperotive Months

FIG. 13 Isolated mitral valve replacement.
Model 6310.

Dec. 1968 - June 1970
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FIG. I4 Total mitral valve replacement.
Model 6310.
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Aug. 1960 - June 1970

98.5% 6310

\ _*ftft..- 92% 6300
83% 6120

*
0~~~~~~

37% 6000

20 H

FREE OF EMBOLUS

6 2 8 24 30 36 42 48 54 60

Postoperative Months

FIG. I5 Late thromboembolic complications related to valve design in patients with isolated
mitral replacement.

aphasia with complete recovery, and without
an adequate follow-up system would have
gone unrecognized. Thus 72 per cent of the
patients were free of late embolism and an

additional 17 per cent had no significant dis-
ability due to embolus.
Thromboembolic episodes occurring during

the first postoperative month were noted in 8
per cent of the isolated mitral valve patients
and 6 per cent of the multiple valve cases.
Most occurred with the older style valve.
Thus the incidence of early embolic complica-
tions was 4 per cent for the Model 6ooo valve,

FI G. i6 Severity of embolic complications
after mitral valve replacement.
August 1960- June 1970 448 Patients

NO RESIDUAL
EFFECTS

_ 17 %10FREE
ii~i~H~__ SLIGHT RESIDUAL

SEVERE RESIDUAL
2%

q
l_ l | ~~FATAL 5°h

o03 per cent for the 6I20, 2 per cent for the
6300, and i per cent for the 63I0. The
apparent lack of improvement with the com-
pletely cloth-covered valves compared with
the extended cloth valve (Model 6I20) is not
surprising, since thrombus formation would
not necessarily be suppressed until healing
occurred.

While the slopes of the actuarial curves pro-
vide useful information with regard to the risk
of embolism related to time, the number of
patient months of follow-up with each type of
valve is not shown. Table 4 presents this in-
formation in terms of the incidence of throm-
boembolic complications per i,ooo patient
months of follow-up. The improvement pro-
vided by the 6I20 prosthesis is striking. The
excellent results obtained with the 63I0 pros-
thesis are related to an experience only one-

TABLE 4 Incidence of late thromboembolic
complications related to valve design in 312
patients, August z960 to_June 1970

Isolated mitral Follow-up in Incidence/looo
Model No. patient months patient months

6ooo 5855 I4 3
6I20 2837 5.2
6300 969 3.1I
63I0 629 14

100

80 P

60 F
I.

VI
q)

t3

40 F

0
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54 Albert Starr

tenth as large in patients with follow-up as
with the Model 6ooo prosthesis and must be
interpreted with caution at this time. The
63I0 sample in this table contains a larger
percentage of early months of follow-up than
the sample related to the Model 6ooo or 6I20.
Since during the early months the incidence
of thromboembolic complications is greater,
the Model 6310 sample contains a bias in the
direction of increasing the incidence of this
complication. Despite this the incidence of
I14 per i,ooo patient months with the Model
63I0 valve is significantly less than the I4.3
figure for the 6ooo series and 5-2 for the 6120
series.
The earliest cloth-covered prosthesis

(Model 6300), supplanted now by the com-
posite seat valve (Model 63I0), has given
disappointing results in terms of the incidence
of thromboembolic complications compared
with the current non-cloth-covered valve
(Model 6I20). This may be due to the less
optimal flow characteristics of the Model
6300. The actuarial curves for both cloth-
covered prostheses, however, show a dimin-
ishing slope with time, a feature not noted
with the non-cloth-covered valves.

Functional results
The functional results of mitral replacement
with the ball valve prosthesis have been des-
cribed in multiple publications from this
clinic during the past decade (Bristow et al.,
I965, I966; Starr, Herr, and Wood, I967).
Late cardiac catheterization demonstrates
satisfactory hydraulic function of all the
various model mitral prostheses with the
exception of the smaller sized earlier cloth-
covered valve (Model 6300). The mean dias-
tolic rate in a group of such patients was
9.4 mm. Hg with the Model 6300 valve com-
pared with 4.9 mm. Hg with the composite
seat valve of Model 6310 (Kloster et al., I969;
Hodam et al., 1970). Restriction of cardiac
performance due to the presence of a rigid
ring in the mitral annulus has not been docu-
mented in the experimental animal (Tsakiris
et al., I967; Rastelli and Kirklin, I966;
Rastelli et al., I966, 1967). The restriction of
function after mitral valve replacement in the
absence of leak or thrombotic stenosis is
almost always due to myofibrosis, coronary
artery disease, residual disease of other valves,
or chronic pulmonary disease (Peterson et al.,
I967). Subjectively 71 per cent of the patients
are greatly improved after operation, with
normal exercise tolerance. Salt or fluid restric-
tion is not usually necessary and digitalis is
used only for chronic atrial fibrillation. While
8o per cent of the patients in chronic atrial

fibrillation before mitral valve replacement
maintain this arrhythmia after surgery, 20 per
cent of such patients are eventually converted
to sinus rhythm within one or two years of
operation. The remaining patients have a less
than optimal result after operation. Ap-
proximately 17 per cent remain limited in
activity tolerance with persistent cardio-
megaly, and require digitalis and salt restric-
tion, but are slightly improved from their pre-
operative status. Five per cent of the patients
are essentially unchanged by operation, and
such patients usually have had many years of
severe disability with massive cardiomegaly
and chronic congestive heart failure. Three
per cent are worse, and in four per cent of the
patients the results are undetermined.

Discussion
The selection of the method of choice for re-
placement of the mitral valve depends on
features already reviewed, such as ease of
implantation with a low operative mortality,
satisfactory hydraulic function, and the inci-
dence of late complications. In addition, con-
sideration must be given to the need for com-
plicated or dangerous long-term drug therapy
and the durability of the prosthesis, whether
of synthetic or biological origin. Long-term
anticoagulant therapy has been employed in
the overwhelming majority of patients having
ball valve replacement in this clinic. However,
with the development of the cloth-covered
valves a double-blind study has been under
way with half of the patients receiving a
placebo rather than coumadin. The results of
this study are not yet significant. In addition to
the study patients, I0 other patients have
not received anticoagulant treatment for a
variety of reasons either medical or socio-
economic. Despite this the incidence of
thromboembolic complications with the
Model 6310 mitral prosthesis is extremely
low. The incidence of thromboembolic
complications with the composite seat aortic
prosthesis (Model 2310) is zero up to July
I970. Whether it will be possible to dis-
continue the routine use of anticoagulant
therapy after valve replacement with the
current generation of cloth-covered valves
remains to be seen. This is a distinct possi-
bility, however, and it is our present practice
to avoid anticoagulant treatment in patients
undergoing valve replacement in whom, for
one reason or another, the use of antico-
agulants poses a special hazard.
The effect of mitral valve disease and mitral

valve replacement on red blood cell survival
has been previously reported (Brodeur et al.,
I966). Chronic traumatic haemolytic anaemia
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Mitral valve replacement with ball valve prostheses 55

is unknown after mitral valve replacement
with the various model ball valve prostheses
except in the presence of perivalvular leak. In
these circumstances the anaemia responds
immediately to surgical correction.
There has not been a significant durability

problem with the mitral ball valve prosthesis
though clinical experience now approaches
ten years. In one patient in our series with
double replacement, fatty infiltration of the
silicone rubber ball of the mitral prosthesis
occurred in conjunction with severe ball
variance of the aortic prosthesis (Starr et al.,
I966b; Hylen et al., I968, i969a, b, I970;
Herr et al., I968). In this patient the mitral
prosthesis was tilted into the aortic outflow
tract so that the ball was exposed to the same

magnitude of high velocity flow as the ball in
the aortic position. Four additional cases of
fatty infiltration of the silicone rubber ball in
the old Model 6ooo valves have been reported
to the manufacturer. This is in conspicuous
contrast to the problem of aortic ball variance,
of which there are more than I97 cases known
to the manufacturer, Ball variance has not been
seen with the Model 6I20 mitral valve intro-
duced in March I965. With the development
of the cloth-covered valves this problem has
been circumvented by the use of a hollow
metallic ball.
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