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IN a recent report, Phelan [1] showed that 
linear polyethylene sutures were used to 

advantage in small artery anastomoses. He 
was impressed with the handling qualities, 
strength and nontoxic properties of linear poly-
ethylene sutures. Histopathologic evaluation 
was carried out for periods up to thirty days. 
It was noted that cellular proliferation, par-
ticularly of fibrous elements, and acute inflam-
matory reactions due to the use of linear poly-
ethylene were substantially less than reactions 
observed when arterial anastomoses were made 
using surgical silk. 

Usher and Wallace [2] showed that when 
pellets of linear polyethylene were placed into 
the peritoneal cavities of dogs, the ensuing 
foreign body reaction as measured by appear-
ance and degree of adhesion formation was 
slight. Pellets of nylon caused greater adhesion 
formation. These observations were made from 
seven day implantations. 

No information, pertaining to tissue reac-
tivity to linear polyethylene sutures over Icing 
time periods is available in the literature. The 
present report will present the histopathologic 
responses to embedded linear polyethylene for 
periods up to one year and will compare these 
reactions with those observed with surgical 
silk. 

MATERIALS AND METHODS 

Physical Characteristics of Linear Poly-
ethylene.* It must be made clear at the outset, 
that linear polyethylene is a complete and 
separate entity from conventional polyethyI-
ene; wide differences in physical character-
istics exist between the two types of poly-

* Linear polyethylene sutures used in this study were 
manufactured by Surgical Products Division, American 
Cyanamid Company. 
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ethylenes. These differences are incorporated 
into the material at the time of polymerization 
and are reflected by alterations in the molecular 
structure of the compounds [3,4]. 

Conventional polyethylene is polymerized 
with nonspecific organic catalysts at high tem-
perature and pressure, whereas linear poly-
ethylene is formed with specific metal-organic 
catalysts at Iow temperature and pressure. The 
linear polyethylene molecule shows a high 
degree of orientation with respect to side 
branches on the main carbon chain. That is, 
the Iength, number and stereospecificity of the 
side chains and the length of the main carbon 
atom backbone are predetermined so that the 
end product will exhibit prescribed physical 
properties. This is not true of conventional 
polyethylene. Here nonspecific and random dis-
tribution of side chains of varying lengths are 
distributed on the main carbon chains of differ-
ing Iengths. This results in a polymer which 
exhibits physical characteristics which may 
vary from one Iot of material to another. 

By extrusion of linear polyethylene at tem-
peratures below its melting point, specific 
molecular chains are oriented parallel to the 
filament axis. The 'lineation of the molecular 
components, alI of which are the same, increases 
the strength of the polymer by a factor of from 
six to eight times that of conventional poly-
ethylene treated in the same manner [5,6]. The 
addition of crystalline regions in the linear 
polyethylene molecule further enhances the 
strength of the material during the orientation 
process. 

This highly sophisticated type of polymer 
affords a broad pattern of finished end products 
each of which possesses specific characteristics. 
The linear polyethylene filament is strong, 
flexible, inert and has great stability. A corn-
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I 
N a recent report, Phelan [I] showed that 

linear poIyethyIene sutures were used to 
advantage in smal1 artery anastomoses. He 
was impressed with the handhng quaIities, 
strength and nontoxic properties of Iinear poIy- 
ethyIene sutures. Histopathologic evaluation 
was carried out for periods up to thirty days. 
It was noted that ceIIuIar proIiferation, par- 
ticuIarIy of Fibrous eIements, and acute inffam- 
matory reactions due to the use of Iinear poIy- 
ethylene were substantiaIJy Iess than reactions 
observed when arterial anastomoses were made 
using surgical siJk. 

Usher and WaJIace [z] showed that when 
pellets of linear poIyethyIene were pIaced into 
the peritoneal cavities of dogs, the ensuing 
foreign body reaction as measured by appear- 
ance and degree of adhesion formation was 
slight. PeIIets of nyJon caused greater adhesion 
formation. These observations were made from 
seven day implantations. 

No information, pertaining to tissue reac- 
tivity to linear poIyethyIene sutures over Iong 
time periods is avaiIabIe in the literature. The 
present report wiI1 present the histopathoIogic 
responses to embedded Iinear polyethylene for 
periods up to one year and wiI1 compare these 
reactions with those observed with surgical 
silk. 

MATERIALS AND METHODS 

Physical Characteristics of Linear Poly- 
ethylene.” It must be made cIear at the outset, 
that Iinear poIyethyIene is a compIete and 
separate entity from conventiona poIyethyI- 
ene; wide differences in physical character- 
istics exist between the two types of poIy- 

* Linear polyethyIene sutures used in this study were 
manufactured by SurgicaI Products Division, American 
Cyanamid Company. 
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ethyIenes. These differences are incorporated 
into the materia1 at the time of poIymerization 
and are rellected by aIterations in the moIecuIar 
structure of the compounds [3,4]. 

Conventiona poIyethyIene is poIymerized 
with nonspecific organic cataIysts at high tem- 
perature and pressure, whereas linear poly- 
ethyIene is formed with specilic metal-organic 
cataIysts at Iow temperature and pressure. The 
Iinear poIyethyIene moIecuIe shows a high 
degree of orientation with respect to side 
branches on the main carbon chain. That is, 
the Iength, number and stereospecificity of the 
side chains and the Iength of the main carbon 
atom backbone are predetermined so that the 
end product wiI1 exhibit prescribed physica 
properties. This is not true of conventiona 
polyethyIene. Here nonspecific and random dis- 
tribution of side chains of varying Iengths are 
distributed on the main carbon chains of differ- 
ing Iengths. This results in a poIymer which 
exhibits physica characteristics which may 
vary from one Iot of material to another. 

By extrusion of Iinear poIyethyIene at tem- 
peratures beIow its meIting point, specific 
molecuIar chains are oriented paraIIe1 to the 
Mament axis. The ‘lineation of the moIecuIar 
components, all of which are the same, increases 
the strength of the poIymer by a factor of from 
six to eight times that of conventiona poIy- 
ethyIene treated in the same manner [f/5]. The 
addition of crystaIIine regions in the linear 
poIyethyIene moIecuIe further enhances the 
strength of the material during the orientation 
process. 

This highIy sophisticated type of poIymer 
affords a broad pattern of linished end products 
each of which possesses specific characteristics. 
The Iinear polyethylene filament is strong, 
flexible, inert and has great stabiIity. A com- 

CR054001
Text Box
                                                         IPR2024-00493
 Honeywell International Inc. v. DSM IP Assets, B.V. 
                                     DSM Ex. 2010, Page 1 of  9
  




Linear Polyethylene Sutures 

TABLE I 
COMPARISON OF THE PHYSICAL PROPERTIES OF LINEAR POLYETHYLENE, CONVENTIONAL 

POLYETHYLENE AND NYLON 

Property 
Conventional 
Polyethylene 

Linear 
Polyethylene Nylon 

Specific gravity 0.92 0.95-0.96 I • 14 
Melting range (°c.) 107-210 130-138 212-252 

Molecular weight 19,000-25,000 60,00o-130,00o 47,00o-361,00o 
Tenacity (gm./denier) 1 .0-2.3 5.5—8.0 4.5- 6.0 
Stiffness modulus (1b./sq. in.)  25,000 - 65,00o 83,000-150,000 400,000--650,000 
Tensile strength (lb./sq. in.)  15,0w-23,mo 80,00o-90,000 8o,000-105,000 

parison of the physical properties among linear 
polyethylene, conventional polyethylene and 
nylon are given in Table I. 

Animal selection: Determination of short 
term tissue effects were carried out in the white 
New Zealand rabbit. In these studies eight-
een rabbits were used. All were female and 
weighed 4.5 to 5 pounds at the time of suture 
implantation. 

Long-term studies were carried out in the 
Swiss albino mouse. In these studies eighty-five 
mice were used; ail were female and weighed 
25 to 3o gm. at the time of suture embedment. 

All animals were maintained on the usual 
laboratory diet. 

Acute studies: Rabbits were anesthetized with 
pentobarbital sodium, 3o mg./kg.; abdomens 
shaved and prepared for aseptic embedment 
of several strands of linear polyethylene, one 
strand of monofilament nylon and two strands 
of serum-proofed surgical silk. 

All sutures were placed into the ventral 
abdominal wall at right angles to the main 
body axis. The sutures were about 8 cm. in 
length and were placed 3 cm. apart. The ani-
mals were maintained for periods of three to 
forty days. At scheduled intervals, the animals 
were sacrificed, the suture embedded tissue 
visualized and removed en bloc and prepared 
for histopathologic examination. 

Chronic studies: One strand of linear poly-
ethylene, approximately 3 cm. in Iength, was 
placed into the ventral abdominal wail of the 
mouse. Conventional surgical silk was placed 
in a similar manner and served as the control. 
The animals were sacrificed at intervals from 
one month to one year. The embedded tissues 
were resected and prepared for histopathologic 
examination. 
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Histopatbology: All tissues were fixed in 
Bouin's fixative for twenty-four hours and the 
usual dehydration and clearing methods were 
employed. Several slides of each bloc were 
made of which half were stained with hema-
toxylin and eosin; the other half were stained 
with MaIlory's connective tissue stain. 

No attempt was made to assign specific grade 
numbers to variations in tissue reactivity [7]. 
Direct comparisons were made between linear 
polyethylene and control sutures. Comparisons 
were based on the following criteria: exudate 
and edema, leukocytes (polymorphonuclear), 
lymphocytes and macrophages, foreign body 
giant cells, fibroblast invasion and fibrosis, 
organization (invasion of the suture, per se, 
by fibroblasts, foreign body giant cells, neo-
vascularity),* vascular reaction (proliferation 
of new vessels in the perisuture tissues). 

Microscopic examination was carried out at 
5o, ioo and 44.0 times. Comparative values were 
made on the basis of assigning (+) values to 
cellular appearance, degree of cellular pro-
Iiferation and the relative density of each 
tissue type. Table II shows details of the evalu-
ation of each criterion. 

All suture materials used in these studies were 
size 2-0. They were sterilized with ethylene 
oxide gas and stored in individual packages. 

RESULTS 

The reactions of tissues to linear poly-
ethylene embedded from three to forty days 
are summarized in Table III. Slight differences 
in cellular reactions were observed when linear 
polyethylene sutures are compared with nylon 

* Organization is limited to those sutures which have 
interstices, i.e., braided silk. Linear polyethylene and 
nylon are solid monofilament materials. 

Linear PolyethyIene Sutures 

TABLE I 

COMPARISON OF THE PHYSICAL PROPERTIES OF LINEAR POLYETHYLENE, CONVENTIONAL 
POLYETHYLENE AND NYLON 

Property 

Specific gravity. 
Melting range (“c.) 
MoIecuIar weight.. 
Tenacity (gm./denier). 
Stiffness modulus (Ib./sq. in.). 
Tensile strength (Ib./sq. ill.). _. _. 

- 

Conventional Linear 
PoIyethyIene PoIyethyIene 

0 92 0.95-0.96 
I 07-2 I 0 130-138 

19,000-25,000 60,000-130,000 
I 0~2.3 5.5-8.0 

2~,000-65,000 83,000-150,000 
rS,ooo-23,000 80,000-90,000 

parison of the physical properties among Iinear 
poIyethylene, conventiona poIyethylene and 
nyIon are given in TabIe I. 

Animal selection: Determination of short 
term tissue effects were carried out in the white 
New Zealand rabbit. In these studies eight- 
een rabbits were used. AI1 were female and 
weighed 4.5 to 5 pounds at the time of suture 
impIantation. 

Long-term studies were carried out in the 
Swiss albino mouse. In these studies eighty-five 
mice were used; a11 were femaIe and weighed 
2~ to 30 gm. at the time of suture embedment. 

AII animals were maintained on the usua1 
Iaboratory diet. 

Acute studies: Rabbits were anesthetized with 
pentobarbital sodium, 30 mg./kg.; abdomens 
shaved and prepared for aseptic embedment 
of severa strands of Iinear poIyethyIene, one 
strand of monofiIament nylon and two strands 
of serum-proofed surgica1 siIk. 

AI1 sutures were pIaced into the ventral 
abdominal wall at right angIes to the main 
body axis. The sutures were about 8 cm. in 
length and were placed 3 cm. apart. The ani- 
mals were maintained for periods of three to 
forty days. At scheduIed intervaIs, the animaIs 
were sacrificed, the suture embedded tissue 
visualized and removed en bloc and prepared 
for histopathoIogic examination. 
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Chronic studies: One strand of linear poly- 
ethyIene, approximately 3 cm. in Iength, was 
placed into the ventra1 abdomina1 \?;a11 of the 
mouse. Conventional surgical silk was pIaced 
in a simiIar manner and served as the contro1. 
The animaIs were sacrificed at intervaIs from 
one month to one year. The embedded tissues 
were resected and prepared for histopathologic 
examination. 

- 

- 

Nylon 

I .I4 
212~_252 

47,000-361,000 
4.5G.o 

400,000~-650,000 
80,000-105,000 

Histopathology: AI1 tissues were fixed in 
Bouin’s fixative for twenty-four hours and the 
usua1 dehydration and cIearing methods were 
empIoyed. SeveraI sIides of each bloc were 
made of which haIf were stained with hema- 
toxyIin and eosin; the other haIf were stained 
with MaIIory’s connective tissue stain. 

No attempt was made to assign specific grade 
numbers to variations in tissue reactivity [7]. 
Direct comparisons were made between linear 
poIyethyIene and contro1 sutures. Comparisons 
were based on the folIowing criteria: exudate 
and edema, Ieukocytes (poIymorphonucIear), 
Iymphocytes and macrophages, foreign body 
giant ceIIs, fibrobIast invasion and fibrosis, 
organization (invasion of the suture, per se, 
by fibrobIasts, foreign body giant cells, neo- 
vascuIarity),* vascuIar reaction (proliferation 
of new vessels in the perisuture tissuesj. 

Microscopic examination was carried out at 
50, I oo and 440 times. Comparative values were 
made on the basis of assigning (+) vaIues to 
celIuIar appearance, degree of ceIIular pro- 
Iiferation and the reIative density of each 
tissue type. TabIe II shows detaiIs of the evalu- 
ation of each criterion. 

AI1 suture materiaIs used in these studies were 
size 2-o. They were steriIized with et.hyIene 
oxide gas and stored in individual packages. 

RESULTS 

The reactions of tissues to linear poly- 
ethyIene embedded from three to forty days 
are summarized in Table III. SIight differences 
in celIular reactions were observed when Iinear 
poIyethylene sutures are compared with nylon 

* Organization is Iimited to those sutures which have 
interstices, i.e., braided siIk. Linear polyethylene and 
nyIon are soIid monofilament materials. 
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Katz and Evans 

HISTOPATHOLOGIC 

TABLE II 

EVALUATION OF TISSUE REACTIONS TO EMBEDDED SUTURE MATERIAL 

Criterion 
Mag nifi-

cation (X) 1 Plus 2 Plus 3 Plus 4 Plus 

Edema and serous 
exudate 

roo Some edema of 
perisuture tis- 
sues (slight) 

Moderate edema, 
some exudate in 
the perisuture 
space 

Marked edema, 
marked exudate in 
perisuture space 

Polymorphonuclear 440 Few PMN Some PMN (slight) Moderate leukocy- Marked leukocyto-
(PMN) (trace) tosis sis (abscess) 

Phage, lymphs and 440 Few lymphs Some lymphs and Moderate lympho- Marked lymphocy-
macrophage and macro- macrophage cytosis; moderate tosis; marked 

phage (trace) (slight) macrophage inva- 
sion 

macrophage inva-
sion 

Foreign body giant 400 None, 1 FBGC r - 2 FBGC (moder- More than 2 FBGC 
cell (FBGC) 
(multinuclear 
cells) 

(slight) ate) (marked) 

Fibroblasts 400 Few (trace) Some fibroblast in- 
vasion (slight) 

Moderate fibro- 
blast invasion; 
suture surrounded 

Marked fibroplasia 
extension of fibro-
blasts beyond I X 
radius of suture 

Fibrotic capsule roo Very thin cap- Thin capsule, 3-4 Moderately heavy Markedly thick fi-
(collagen scar) sule; 1-2 cells cells thick either capsule less than brous capsule 

thick; pro- or procollagen or one-half radius of greater than one-
sclerocollagen sclerocollagen 

(slight) 
suture; sclerocol- 
lagen usually 

half suture radius; 
mixed pro- and 
sclerocollagen 

Intrasuture organi- roo Occasional fibro- Moderate intrasu- Marked intrasuture Complete organiza-
zation blast in suture ma- 

trix, no sclerocol- 
ture fibroplasia, 
some sclerocol- 

fibrosis, sclerocol- 
lagen blood ves- 

tion; all suture fi-
brils individually 

lagen formation lagen sets; suture fairly 
well integrated 
with surrounding 
tissues 

surrounded by 
sclerocollagen, no 
active fibroplasia; 
reduction of blood 
vessels within su-
ture 

Vascular reaction 400 Occasional 
capillary in 
perisuture tis- 
sues (slight) 

Moderate vascular- 
ity around suture; 
invasion of suture 
boundary 

Marked vascularity . . . 

material. The variations between linear poly-
ethylene and regular braided silk are more 
apparent. The acute inflammatory reaction 
with linear polyethylene does not extend much 
beyond three days. Some serous exudate and 
small numbers of leukocytes were observed at 
three days. Braided surgical silk causes slight 
to moderate exudate and leukocytic infiltration 
from three to ten days. A slight difference in 
fibroblastic and fibrotic response was also ob-
served at ten and twenty days. Surgical silk 
shows a more dense proliferation of fibrotic 
elements at these intervals than does linear 
polyethylene. The zones of fibrotic activity 
appear larger and fibroblastic elements are 
more numerous. The suture appears somewhat 
enlarged. At this stage, this is probably due to 
separation of the suture fibrils by water ab-
sorption An occasional foreign body giant cell 
was observed in the perisuture fibrotic capsule 
or within the interstices of the suture at forty 
days. 

2IO 

The reactions to linear polyethylene sutures 
embedded in tissues for one to twelve months 
are summarized in Table iv. The variations in 
tissue reactivity between the two types of 
suture material are apparent. The linear poly-
ethylene sutures are encapsulated by a moder-
ately thin, dense ring of fibrous elements and 
collagen. No foreign body giant cells are ob-
served and proliferation of new blood vessels 
is not apparent. Surgical silk, on the other 
hand, becomes exceedingly well organized, both 
around and within the suture. It is observed 
that by the end of six months, each fibril was 
embedded within a lake of collagen and fibrous 
material. 

Suture organization begins at about thirty 
to forty days as ingrowing cords of fibroblasts, 
isolated indwelling foreign body giant cells and 
small invasive new blood vessel elements. These 
tissues appeared to originate from the inside 
margin of the fibrotic capsule, a finding which, 
to our knowledge, has not previously been 

Katz and Evans 

TABLE II 

HISTOPATHOLOGIC EVALUATION OF TISSUE REACTIONS TO EMBEDDED SUTURE MATERIAL 

Criterion 

Edema and serous 
exudate 

Polymorphonuclear 
(PMN) 

Phage, lymphs and 
macrophage 

Foreign body giant 
cell (FBGC) 
(multinuclear 
CellS) 

Fibroblasts 

Fibrotic capsule 
(collagen scar) 

Intrasuture organi- 
zation 

Vascular reaction 

- 

s 

_ 

- 

Magnili- 
2ation (X) 

100 

440 

440 

400 

400 

I00 

100 

400 

- 

-_ 

- 

Some edema 01 
p&suture tis. 
sues (slight) 

Few PMN 
(trace) 

Few lymphs 
and macro- 
phage (trace) 

None. I FBGC 
(slight) 

Few (trace) 

Very thin cap- 
sule; r--2 cells 
thick; pro- or 
sclerocollagen 

Occasional 
capillary in 
perisuture tis- 
sues (slight) 

I Plus 

Moderate edema, 
some exudate in 
the p&suture 
space 

Some PMN (slight) 

Some lymphs and 
macrophage 
(slight) 

r--2 FBGC (moder- 
ate) 

Some fibroblast in- 
vasion (slight) 

Thin capsule, s-4 
cells thick either 
procollagen or 
sclerocollagen 
(slight) 

Occasional fibro- 
blast in suture ma. 
trix, no sclerocol- 
lagen formation 

Moderate vascular- 
ity around suture; 
invasion of suture 
boundary 

L_ 

materia1. The variations between Iinear poly- 
ethyIene and reguIar braided siIk are more 
apparent. The acute inflammatory reaction 
with Iinear poIyethyIene does not extend much 
beyond three days. Some serous exudate and 
smaI1 numbers of Ieukocytes were observed at 
three days. Braided surgica1 siIk causes sIight 
to moderate exudate and Ieukocytic i&Itration 
from three to ten days. A sIight difference in 
fibroblastic and fibrotic response was aIso ob- 
served at ten and twenty days. SurgicaI silk 
shows a more dense proIiferation of fibrotic 
eIements at these intervaIs than does Iinear 
poIyethyIene. The zones of fibrotic activity 
appear larger and fibroblastic eIements are 
more numerous. The suture appears somewhat 
enIarged. At this stage, this is probably due to 
separation of the suture fibriIs by water ab- 
sorption An occasiona foreign body giant cell 
was observed in the perisuture fibrotic capsuIe 
or within the interstices of the suture at forty 
days. 

2 Plus 

Marked edema, 
marked exudate in 
perisuture space 

Moderate leukocy. 
tosis 

Moderate lympho- 
cytosis; moderotr 
macrophage inva- 
sion 

More than 2 FBGC 
(marked) 

Moderate fibro- 
blast invasion; 
suture surrounded 

Moderately heavy 
capsule less than 
one-half radius 01 
s”t”re; sclerocol- 
lagen usually 

Moderate intrasu- 
ture fibroplasia. 
some sclerocol- 
lagen 

Marked vascularitJ 

- 

r 

r 

r 

I 

r 

[ 

r 

- 

3 Plus 

lrlarked leukocvto- 
sis (abscess) _ 
fluked lymphocy- 
tosis; marked 
macrophage inva- 
sion 

darked fibroplasia 
extension of fibro- 
blasts beyond I X 
radius of suture 
tiarkedly thick fi- 
brous capsule 
greater than one. 
half suture radius; 
mixed pro- ~nc 
sclerocoliagen 
vlarked intrasuturq 
fibrosis, sclerocol- 
lagen blood yes- 
sels; suture fair15 
well integrated 
with surrounding 
tissues 

- 

I 

e c 

- 

4 Plus 

Zomplete organiza- 
tion; all suture li- 
brils individually 
surrounded by 
scIerocollagen, no 
active frbroplasia; 
reduction of blood 
vessels within su- 
ture 

The reactions to Iinear poIyethyIene sutures 
embedded in tissues for one to tweIve months 
are summarized in TabIe IV. The variations in 
tissue reactivity between the two types of 
suture material are apparent. The Iinear poIy- 
ethyIene sutures are encapsulated by a moder- 
ateIy thin, dense ring of fibrous eIements and 
coIIagen. No foreign body giant ceIIs are ob- 
served and proIiferation of new bIood vesseIs 
is not apparent. SurgicaI siIk, on the other 
hand, becomes exceedingIy we11 organized, both 
around and within the suture. It is observed 
that by the end of six months, each fibri1 was 
embedded within a Iake of coIIagen and fibrous 
material. 

Suture organization begins at about thirty 
to forty days as ingrowing cords of CbrobIasts, 
isolated indweIIing foreign body giant ceils and 
smaI1 invasive new blood vesse1 elements. These 
tissues appeared to originate from the inside 
margin of the fibrotic capsuIe, a finding which, 
to our knowledge, has not previousIy been 
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Linear Polyethylene Sutures 

TABLE III 
HISTOPATHOLOGIC EXAMINATION OF TISSUE REACTIONS TO EMBEDDED 

NYLON AND SILK SIZE 2-0 
LINEAR POLYETHYLENE, 

' No. of Days 
Embedment 

Exudate' 
ki n d 

Edema 

: Polymorpho- 
' nuclear 

Phagc 
Fibro- 
blasts 

Fibrotic 
Capsule 

Foreign 
Body 
Giant 
Cell 

Intra-
suture I Vascular 

Organiza- I Reaction 
torn 1 Lymph Macro 

Linear Polyethylene 

3 
7 

I0 

20 

30 

40 

3 
7 

10 

20 

30 
40 

3 
7 
IO 

20 

30 

40 

Nylon 

+ + + + - 
— + + + + + 
— + — + + 

+ + + + -
- + + + + 

— + ± + 

Braided Silk 

++ 

++ 

reported. Suture organization became progres-
sively more complete until each suture fibril 
is encompassed by collagen and fibrocytes. 
Vascularity developed within and around the 
suture concurrent with fibrotic organization 
and is observed throughout the twelve month 
period. The thickness and density of the fibrotic 
capsule around linear polyethylene and surgical 
silk sutures does not appear to be markedly 
different although linear polyethylene showed 
a somewhat thinner capsule up to forty days. 
Inflammatory cells were absent after the first 
month with both suture types. 

The photomicrographs show the progressive 
tissue responses to embedded linear poly-
ethylene and silk. (Figs. 1-6.) In Figure 6A, 
the suture was removed just prior to section-
ing in order to retain the fibrous envelope. It 
can be seen that with the linear polyethylene 
embedded sutures, the inflammatory responses 

2II 

are negligible and fibrotic encapsulation is 
reduced from that which is observed with silk. 
The differences in tissue response to embedded 
linear polyethylene and surgical silk are 
obvious. 

COMMENTS 

An examination of the histopathologic data 
for time intervals up to forty days reveals a 
pattern of cellular response to embedded sur-
gicaI silk and linear polyethylene which is 
strikingly similar to earlier reports [I]. Small 
variations between these two sets of data are 
most probably due to variations in suture 
diameter. Phelan used linear polyethylene and 
silk size 5-o, whereas the data reported herein 
are established on size 2-0. 

Pattern of Reaction to Surgical Silk (the 
"Norm" Reaction). Tissue responses to em-
bedded silk observed through seven days are, 

Linear PoIyethyIene Sutures 

TABLE III 

HISTOPATHOLOGIC EXU~INATION OF TISSUE REACTIONS TO EMBEDDED LINEAR POLYETHYLENE, 

NYLON AND SILK SIZE 2-O 

, I ’ 
Phagc Foreign 

No. of Days Ilsud~Ltc 
and i Poborpho- _________ Fibro- Fibrotic Body 

Intra- ~ 
suture Vascul;kr 

Enlbcdnwnt 
EChXl 

nucIear blasts Capsule Giant Organizn- / Reaction 
Cell tion , 

_ 
Linear Pol_vetb.ylene 
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reported. Suture organization became progres- 
sively more complete unti1 each suture fibril 
is encompassed by coIIagen and fibrocytes. 
Vascularity developed within and around the 
suture concurrent with fibrotic organization 
and is observed throughout the twelve month 
period. The thickness and density of the fibrotic 
capsuIe around Iinear polyethylene and surgica1 
silk sutures does not appear to be markedly 
different aIthough linear poIyethyIene showed 
a somewhat thinner caps& up to forty days. 
Inflammatory ceIIs were absent after the first 
month with both suture types. 

The photomicrographs show the progressive 
tissue responses to embedded Iinear poIy- 
ethylene and siIk. (Figs. r-6.) In Figure 6A, 
the suture was removed just prior to section- 
ing in order to retain the fibrous enveIope. It 
can be seen that with the linear poIyethyIene 
embedded sutures, the inffammatory responses 

are negIigibIe and fibrotic encapsuIation is 
reduced from that which is observed with silk. 
The differences in tissue response to embedded 
linear poIyethyIene and surgica1 siIk are 
obvious. 

COMMENTS 

An examination of the histopathoIogic data 
for time intervaIs up to forty days reveaIs a 
pattern of ceIIuIar response to embedded sur- 
gica1 siIk and Iinear poIyethyIene which is 
strikingIy simiIar to earlier reports [I]. SmaII 
variations between these two sets of data are 
most probabIy due to variations in suture 
diameter. PheIan used linear poIyethyIene and 
siIk size 3-0, whereas the data reported herein 
are established on size 2-o. 

Pattern of Reaction to Surgical Silk (the 
“Norm” Reaction). Tissue responses to em- 
bedded silk observed through seven days are, 
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HISTOPATHOLOGIC 
TABLE IV 

EXAMINATION OF TISSUE REACTIONS TO EMBEDDED LINEAR POLYETHYLENE 
AND BRAIDED SURGICAL SILK SIZE 2-0 

No. of Exudate 
Phage Foreign Intra-

Mo. of 
Embedment 

and 
Edema 

Polymorpho- 
nuclear 

Fibro- 
blasts 

Fibrotic 
Capsule 

Body 
Giant 
Cell 

suture 
Organiza- 

tion 

Vascular 
Reaction 

Lymph Macro 

Linear Polyethylene 

I — — — ± + + — —
3 — — — + + ++ — . . . —
6 — — — — ± + — —
9 — — — — ± + — —

I2 - - - - ± + - . . . - 

Braided Silk 

I - - - - -1-± + -F. + ±± ± 
3 - - - - + ++ + +++ + 
6 - - - - ± + + ++++ + 
9 - - - - ++ + + ++++ -

I2 - - - - + + + ++++ + 

in the main, those produced by the nonfixed 
tissues (fluid tissues). Exudate containing 
predominantly leukocytes, Iymphocytes, some 
macrophages (wandering ceIIs), tissue debris 
and red cells are observed in this time interval. 
Exudative reactions of nonfixed tissues are 
accompanied by edema of the tissue and vascu-
lar dilatation. These early changes are very 
similar, although much less extensive, to the 
characteristic responses to injury [8—r r]. 

Starting at about seven to ten days, fixed 
tissue responses (nonfluid tissues) become 
manifest, while exudative reactions are greatly 
reduced. At this time, the first moderate pro-
Iiferations of fibroblasts are observed. Later, 
fibroplasia becomes more pronounced as fibro-
blasts deposit a collagen capsule around the 
suture. The numbers of acute exudative in-
flammatory cells becomes much reduced. In the 
typical response, edema and exudate are absent 
after twenty days. 

Foreign body giant cells are observed at 
about forty days and persist for long periods 
of time in the perisuture capsule and in the 
organized granulation tissue within the suture. 
The appearance and degree of foreign body 
giant cell proliferation observed in this study 
coincides with earlier reports [12]. 

The formation of granulation tissue con-
2I2 

tinues and becomes intimately associated with 
the suture. Invasion and penetration of the 
suture is apparent from one to two months 
onward. 

Between three and six months the numbers 
of fibroblasts becomes greatly reduced and 
other cellular proliferations cease. After six 
months active tissue responses to embedded 
silk halt, although even at one year some fibro-
blasts are observed within the suture or in the 
suture capsule. 

Pattern of Reaction to Linear Polyethylene. 
Within the first year after embedment, the 
pattern of reaction to linear polyethylene is 
similar to that observed with silk with regard 
to most of the cell types observed. The major 
difference in response is seen in the degree of 
reaction. With linear polyethylene, the amount 
of cells and new formed tissues are well reduced 
in comparison with surgical silk. Linear poly-
ethylene, unlike silk, does not change shape 
or increase in volume. Further, the smooth 
contiguum tends to minimize cellular reactiv-
ity. This is an important point, especially in 
the early phases of healing. Compared with the 
surface of linear polyethylene, silk presents a 
roughened exterior which causes more cell 
trauma as it is being drawn through the tissues. 
Because of the small amount of cellular damage 

Katz and Evans 

TABLE IV 
HISTOPATHOLOGIC EXAMINATION OF TISSUE REACTIONS TO EMBEDDED LINEAR POLYETHYLENE 

AND BRAIDED SURGICAL SILK SIZE 2-Q 

No. of Exudate 
Phage Foreign Intra- 

MO. of and Polymorpho- Fibro- Fibrotic Body suture VascuIar 

Embedment Edema nucIear blasts CapsuIe Giant Organiza- Reaction 
Lymph Macro Cell tion 

Linear Polyethylene 

I I I I I 1 I 
- 

: t-1 - ::: f - 
+ : - ::: f + - . . 

I - - 

z - - - - 
9 - - 

I2 - - 

I - 

Braided Silk 

in the main, those produced by the nonfixed 
tissues (ff uid tissues). Exudate containing 
predominantIy Ieukocytes, Iymphocytes, some 
macrophages (wandering ceIIs), tissue debris 
and red ceIIs are observed in this time interva1. 
Exudative reactions of nontixed tissues are 
accompanied by edema of the tissue and vascu- 
lar diIatation. These earIy changes are very 
simiIar, aIthough much Iess extensive, to the 
characteristic responses to injury [S-rr]. 

Starting at about seven to ten days, fixed 
tissue responses (nonfluid tissues) become 
manifest, whiIe exudative reactions are greatIy 
reduced. At this time, the first moderate pro- 
Iiferations of GbrobIasts are observed. Later, 
fibropIasia becomes more pronounced as fibro- 
bIasts deposit a coIIagen capsuIe around the 
suture. The numbers of acute exudative in- 
ff ammatory ceIIs becomes much reduced. In the 
typica response, edema and exudate are absent 
after twenty days. 

Foreign body giant ceIIs are observed at 
about forty days and persist for Iong periods 
of time in the perisuture capsuIe and in the 
organized granuIation tissue within the suture. 
The appearance and degree of foreign body 
giant ceI1 proIiferation observed in this study 
coincides with earIier reports [12]. 

The formation of granuIation tissue con- 

tinues and becomes intimateIy associated with 
the suture. Invasion and penetration of the 
suture is apparent from one to two months 
onward. 

Between three and six months the numbers 
of fibrobIasts becomes greatIy reduced and 
other ceIIuIar proIiferations cease. After six 
months active tissue responses to embedded 
silk haIt, aIthough even at one year some fibro- 
bIasts are observed within the suture or in the 
suture capsuIe. 

Pattern of Reaction to Linear Polyethylene. 
Within the first year after embedment, the 
pattern of reaction to Iinear poIyethyIene is 
similar to that observed with siIk with regard 
to most of the ceI1 types observed. The major 
difference in response is seen in the degree of 
reaction. With Iinear poIyethyIene, the amount 
of ceIIs and new formed tissues are we11 reduced 
in comparison with surgica1 siIk. Linear poIy- 
ethyIene, unIike siIk, does not change shape 
or increase in voIume. Further, the smooth 
contiguum tends to minimize ceIIuIar reactiv- 
ity. This is an important point, especiaIIy in 
the earIy phases of heaIing. Compared with the 
surface of Iinear poIyethyIene, siIk presents a 
roughened exterior which causes more ceI1 
trauma as it is being drawn through the tissues. 
Because of the smaI1 amount of ceIIuIar damage 
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FIG. I. Three day embedment in rabbits. A, linear polyethylene. Over-all acute inflammatory reaction is slight. 
Little exudate, few inflammatory cells and Iittle tissue debris are present. B, surgical silk. Moderate exudate con-
taining leukocytes and cellular debris is observed. Apparent edematous response is artifact. I-Iemotoxylin and 
eosin stain, 7µ., original magnification X I00. 

FIG. 2. Thirty day embedment in mouse. A, linear polyethylene. A thin fibrotic capsule is observed. Moderate num-
bers of fibroblasts are invading the suture tract from the right and Ieft. B, surgical silk. Acute inflammatory cells are 
absent. The suture is surrounded by a capsule of frbrocytes and fibroblasts. At this stage little collagen is present. 
No alteration of the shape of the suture or its volume is present. HemotoxyIin and eosin stain, 7µ., original magnifi-
cation X 100. 

213 

2A 

Linear PoIyethyIene Sutures 

2B 

FIG. I. Three day embedment in rabbits. A, Iinear poIyethylene. Over-al1 acute inflammatory reaction is slight. 
Little exudate, few inflammatory celIs and IittIe tissue debris are present. B, surgica1 silk. Moderate exudate con- 
taining leukocytes and ceIIuIar debris is observed. Apparent edematous response is artifact. HemotoxyIin and 
eosin stain, 7~., original magnification X 100. 

FIG. 2. Thirty day embedment in mouse. A, Iinear poIyethyIene. A thin fibrotic capsuIe is observed. Moderate num- 
bers of fibroblasts are invading the suture tract from the right and left. B, surgica1 siIk. Acute infIammatory ~11s are 
absent. The suture is surrounded by a cap&e of iibrocytes and fibroblasts. At this stage IittIe collagen is present. 
No alteration of the shape of the suture or its voIume is present. HemotoxyIin and eosin stain, 7~., original magnifi- 
cation X 100. 
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FIG. 3. Three month embedment in mouse. A, linear polyethylene. Deposits of collagen are seen surrounding the 
suture. No vascular reaction is observed and the numbers of fibroblasts are reduced. B, surgical silk. Cellular ele-
ments consist of fibrocytes and moderate numbers of fibroblasts. Invasion by organization tissue has begun. An 
occasional foreign body giant cell is observed as the small darkly stained areas at the right and lower center of the 
suture. A thin collagen capsule is present. The suture is moderately flattened and elongated. It is about twice its 
original diameter. Compare the size with Figures III and 2B. HematoxyIin and eosin stain, 7µ., original magnifica-
tion X Too. 

FIG. 4. Six month embedment in the mouse. A, linear polyethylene. A thin, dense collagen capsule is present. No 
fibroblasts are observed. B, surgical silk. The suture is completely organized. Moderate numbers of foreign body 
giant cells are observed within the suture. The numbers of fibroblasts are reduced. The suture has increased in 
volume by about four times that observed at three and thirty days. Hemotoxylin and eosin stain, 7µ., original mag-
nification X loo. 
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FIG. 3. Three month embedment in mouse. A, Iinear poIyethyIene. Deposits of coIIagen are seen surrounding the 
suture. No vascuIar reaction is observed and the numbers of fibrobIasts are reduced. B, surgical siIk. CeIIuIar eIe- 
ments consist of tibrocytes and moderate numbers of fibrobIasts. Invasion by organization tissue has begun. An 
occasiona foreign body giant ceI1 is observed as the smal1 darkIy stained areas at the right and Iower center of the 
suture. A thin coIIagen capsule is present. The suture is moderateIy flattened and eIongated. It is about twice its 
origina diameter. Compare the size with Figures IB and zB. HematoxyIin and eosin stain, 7p., origina magnifica- 
tion X 100. 

FIG. 4. Six month embedment in the mouse. A, Iinear poIyethyIene. A thin, dense coIIagen capsuIe is present. No 
fibrobIasts are observed. B, surgica1 siIk. The suture is compIeteIy organized. Moderate numbers of foreign body 
giant ceIIs are observed within the suture. The numbers of fibrob1ast.s are reduced. The suture has increased in 
voIume by about four times that observed at three and thirty days. HemotoxyIin and eosin stain, 7,.~, origina mag- 
nification X 100. 
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Linear Polyethylene Sutures 
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FIG. 5. Nine month embedment in the mouse. A, linear polyethylene. Some fibroblasts are present in the upper one 
third of the suture tract. B, surgical silk. No apparent alterations arc observed when compared with Figure 4B. 
Hematoxylin and eosin stain, 7µ., original magnification. X too. 

FIG. 6. Twelve month embedment in the mouse. A, linear polyethylene. Concentric rings of dense collagen are 
observed. The suture was removed prior to sectioning in order to preserve the suture tract. This accounts for the 
flattened appearance of the tract. B, surgical silk. Cords of fibrous tissue are observed invading the inner core of the 
suture. The suture volume has increased about six times over that seen in Figures TB and 2B. Hematoxylin and 
eosin stain, 7µ., original magnification X too. 
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FIG. 5. Nine month embedment in the mouse. A, linear poIyeth,yIene. Some fibroblasts are present 
third of the suture tract. B, surgica1 siIk. No apparent alterations arc observed when compared 
MematoxyIin and eosin stain, 7~., origina magnification. X 100. 

FIG. 6. TweIve month embedment in the mouse. A, linear poIyethyIene. Concentric rings of dl 
observed. The suture was removed prior to sectioning in order to preserve the suture tract. This 
Aattened appearance of the tract. B, surgical silk. Cords of fibrous tissue are observed invading the 
suture. The suture voIume has increased about six times over that seen in Figures IB and 2B. 1 . . wsm stam, 7~., original magnification X 100. 
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occurring with linear polyethylene, the exuda-
tive inflammatory response is reduced. This 
is demonstrated by the degree of leukocytosis, 
tissue debris and exudate in Figure IA with 
Figure 1B. Figure IA shows slight exudate and 
little cell damage whereas Figure 1B shows 
2-plus exudate with moderate numbers of 
leukocytes and moderate amounts of cellular 
debris. 

In the later phases of healing, linear poly-
ethylene embedment causes limited cellular 
activity because its shape and volume are not 
altered. A simple, thin, dense encapsulation by 
fibrous tissue completes the reaction to em-
bedded linear polyethylene. 

It is believed that a single, solid strand of 
silk would show the same pattern of reaction 
as does linear polyethylene. The increased 
tissue reaction to silk is caused by the mor-
phology of the silk not by its chemistry. Be-
cause of the nature of the multistrand braid, 
the tissue reaction is magnified by the reaction 
around each of the fibrils; first by the reaction 
around the fibrils making up the outer coat of 
the suture and later by the reaction around the 
individual fibrils of the entire strand. In effect, 
the suture presents an environment of a tightly 
wound cable of many sutures each of which 
contributes to the over-aII tissue response. The 
integrity of the braid is attacked first by the 
invasion of water at three to seven days, and 
then by the invasion of fibroblasts from seven 
days onward. An examination of the figures 
shows these progressive changes. 

The reduced tissue responses to small size 
silk sutures as compared with responses to 
large sizes, is well known [I31. This follows 
expectation since small sizes cause an over-all 
effect of less tissue damage as the suture is 
drawn through the tissue and less water swell 
after the embedment. 

Linear polyethylene as a suture material thus 
produces minimal cellular trauma. Absence of 
alteration of suture shape or volume con-
tributes largely to this effect. These factors 
coupled with the physical qualities of great 
tensile strength and pliability indicate linear 
polyethylene to have many of the properties 
of a superior suture material. 

SUMMARY AND CONCLUSIONS 

Histopathologic data are presented. Tissue 
reactions are examined at time intervals from 
three days to twelve months and evaluation of 
the tissue reactivity to linear polyethylene is 
made on the basis of a comparison with the 
norm reaction established with surgical silk. 
A discussion of tissue and cellular alterations 
as a result of suture embedment is presented. 
The role of suture size and texture is discussed. 

The data presented in this report leads to the 
following conclusions: 

The norm reactive pattern established with 
surgical silk indicates responses similar to those 
observed in normal wound healing. 

Linear polyethylene sutures embedded in 
animals for twelve months show tissue reactive 
patterns which are much less extensive than 
those observed with surgical silk. 

Linear polyethylene provides superior char-
acteristics as a surgical suture material. 

Acknowledgment: We wish to acknowledge 
the able technical assistance of Mrs. Edith Cher. 
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occurring with Iinear poIyethyIene, the exuda- 
tive inffammatory response is reduced. This 
is demonstrated by the degree of Ieukocytosis, 
tissue debris and exudate in Figure IA with 
Figure IB. Figure IA shows sIight exudate and 
little ceI1 damage whereas Figure IB shows 
Z-PIUS exudate with moderate numbers of 
leukocytes and moderate amounts of cellular 
debris. 

In the later phases of healing, linear poly- 
ethyIene embedment causes Iimited ceIIuIar 
activity because its shape and volume are not 
aItered. A simpIe, thin, dense encapsuIation by 
fibrous tissue completes the reaction to em- 
bedded Iinear poIyethyIene. 

It is beIieved that a singIe, soIid strand of 
siIk wouId show the same pattern of reaction 
as does Iinear poIyethyIene. The increased 
tissue reaction to siIk is caused by the mor- 
phoIogy of the silk not by its chemistry. Be- 
cause of the nature of the multistrand braid, 
the tissue reaction is magnified by the reaction 
around each of the fIbriIs; first by the reaction 
around the fibriIs making up the outer coat of 
the suture and Iater by the reaction around the 
individua1 fibriIs of the entire strand. In effect, 
the suture presents an environment of a tightIy 
wound cabIe of many sutures each of which 
contributes to the over-a11 tissue response. The 
integrity of the braid is attacked first by the 
invasion of water at three to seven days, and 
then by the invasion of fibrobIasts from seven 
days onward. An examination of the figures 
shows these progressive changes. 

The reduced tissue responses to smaI1 size 
siIk sutures as compared with responses to 
Iarge sizes, is we11 known [r3]. This foIIows 
expectation since smaI1 sizes cause an over-al1 
effect of Iess tissue damage as the suture is 
drawn through the tissue and Iess water sweI1 
after the embedment. 

Linear poIyethyIene as a suture materia1 thus 
produces minimal ceIIular trauma. Absence of 
aIteration of suture shape or voIume con- 
tributes IargeIy to this effect. These factors 
coupIed with the physica qualities of great 
tensiIe strength and pIiabiIity indicate Iinear 
poIyethyIene to have many of the properties 
of a superior suture materia1. 

SUMMARY AND CONCLUSIONS 

HistopathoIogic data are presented. Tissue 
reactions are examined at time intervals from 
three days to tweIve months and evaIuation of 
the tissue reactivity to Iinear poIyethyIene is 
made on the basis of a comparison with the 
norm reaction estabIished with surgica1 siIk. 
A discussion of tissue and ceIIuIar aIterations 
as a resuIt of suture embedment is presented. 
The roIe of suture size and texture is discussed. 

The data presented in this report Ieads to the 
foIIowing concIusions : 

The norm reactive pattern estabIished with 
surgicaI siIk indicates responses similar to those 
observed in norma wound healing. 

Linear poIyethyIene sutures embedded in 
animaIs for tweIve months show tissue reactive 
patterns which are much Iess extensive than 
those observed with surgica1 siIk. 

Linear poIyethyIene provides superior cha.r- 
acteristics as a surgica1 suture materia1. 

Acknowledgment: We wish to acknowledge 
the abIe technical assistance of Mrs. Edith Cher. 
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