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Abstract
In the unsutured partial thickness penetrating wounds of the regions. In sutured wounds, effective wound repair may be 
cornea, the epithelium migrates over the wounded stromal established from the anterior to posterior regions, after a 
surface prior to the onset of stromal regeneration. To determine relatively long period of a disorganized state of the scar tissues, 
the possible  affects of the epithelial ingrowth on the organiza
tion o f  the stromal scar tissues, the healing of unsutured 
and sutured wounds was compared immunohistochemically.
Im m unosta in ing  patterns for fibronectin, types III, VI and VII

These observations suggest that the temporary presence of an 
epithelial plug within an unsutured wound and/or wound 
gaping induce a different stromal healing response from that 
in the sutured wounds, that results in an eventual ineffective

co llagen , keratan sulfate proteoglycan (KSPG), and inter- wound repair. Curr. Eye Res. 14: 809-817, 1995.
m ed ia te  filament-associated protein (IFAP 130) in fibroblasts, 
w ere  analyzed in unsutured and adjacent sutured keratotomy 
w o unds  in monkeys, at 2 -9  weeks after surgery. At 2-4  weeks, 
fibronectin, type III and type VI collagen showed a lamellar 
in terw eaving  pattern across unsutured wounds that was absent 
in su tu red  wounds. Type VII collagen was detected along the 
en tire  depth of regenerated stroma in unsutured wounds, but 
not in sutured wounds indicating that the epithelium had

Key words: cornea; wound healing; collagen; glyeosamino- 
glycan; radial keratotomy; immunohistochemistry; monkey

Introduction
Clinical and laboratory studies of corneal wounds (1, 2, 3) 
have shown incomplete healing of unsutured wounds, whereas

fo rm erly  been present in the regenerated stroma in unsutured sutured wounds appear to regain lamellar continuity over time, 
w o u n d s .  Fibroblasts in both types of wounds expressed IFAP This finding suggests that lack of wound apposition and
130, b u t  staining was more pronounced in sutured wounds. At 
5 - 9  w eeks ,  cellular re-activation, as judged from the expression 
for IF A P  130, was concomitant with a loss of lamellar 
in te rw eav ing  with fibronectin, type III and type VI collagen 
a c ro ss  unsutured wounds, and proceeded in a posterior to 
a n te r io r  direction. In contrast, in sutured wounds, lamellar 
in te rw eav ing  was established in anterior to posterior direction. 
A t all postoperative times, unsutured and sutured wounds 
s h o w e d  minimal staining for KSPG in the anterior scar. The 
d is tr ibu tion  patterns of fibronectin, type III and type VI 
c o l la g e n  and IFAP 130 suggested that unsutured wounds obtain 
a  m o re  advanced wound repair compared to sutured wounds 
d u r in g  the early stages of healing which is followed by 
in e ffec t iv e  wound remodeling from the posterior to anterior

C orrespondence : N. SundarRaj, Department o f  Ophthalmology, University of 
P i t t sb u rg h  School of Medicine, 203 Lothrop Street, Eye and Eur Institute, 
P i t t s b u rg h ,  PA 15213, USA

concomitant epithelial ingrowth in the early phases of the 
healing of unsutured wound, modilies the stromal healing 
response (1 ,2 ,  3). To what extent stromal repair is altered by 
the presence of an epithelial plug and/or wound gaping may 
be elucidated by comparing healing of unsutured with that of 
sutured wounds.

After wounding, iibronectin originating from the tear lilm 
(4) binds to the exposed stromal surfaee(s) and cell membranes, 
to provide a temporary scaffolding for epithelial migration and 
adhesion, prior to formation of a basement membrane over 
the wound edges (5, 6, 7, K, 9, 10). In later phases of healing, 
iibronectin may be produced by fibroblasts (7, 10), and the 
iibronectin matrix may modulate scar tissue organization (10,
11, 12, 13). Fibronectin within the wound may therefore re Heel 
the interaction of both epithelial and stromal cells with their 
surrounding matrix.

Keratan sulfate proteoglycan (KSPG) may have a role in 
corneal transparency and hydration, by its water binding and
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collagen spacing properties (14). In early phases of healing, a Sanory, Maassluis, NL), A double edged diamond blade
reduced level and/or a less sulfated type of KSPG (15), and (Drukker International, Amsterdam, NL) was set to achieve
an increase of highly sulfated chondroitin sulfate, may be 90% of the thinnest ultrasonic central corneal reading, to avoid 
concurrent with opacification and excess hydration of the scar. corneal perforation (Humphrey ultrasonic pachometer, model
In 1 ater phases of healing, near normal levels of KSPG may 850, Humphrey, San Leandro, CA). Blade extension was
be concurrent with restoration of transparency and normal measured monocularly under the operating microscope (Zeiss,
hydration ( 14, 16, 17). The distribution of KSPG may therefore 
reflect the degree of wound restoration, and may add to our

Weesp, NL) at maximum magnification using a coin gauge. 
After marking a 3.0 mm optical clear zone (OCZ) centered

understanding of how the extracellular matrix is organized on the pupil (Moria Instruments, Paris, France), centripetal 
within the scan incisions were made using the perpendicular cut edge, with

Although conflicting reports have described its presence or the eye stabilized with a toothed forceps at the opposite limbus.
absence in the adult corneal stroma (6, 18, 19, 20, 21, 22), All monkeys underwent a bilateral, six incision RK proced-
type III collagen may be present in the fetal and regenerating ure; three semi-radial incisions were placed in each half o f  the
cornea (23, 24, 25), By its interaction with fibronectin and 
type I collagen, type III collagen may have a role in controlling 
early fibrillogenesis (20, 26), The expression of type III 
collagen may therefore suggest recapitulation of fetal develop
mental stages of collagen fibrillogenesis.

Type VI collagen is present as a fine filamentous network

cornea (1). Incisions at 1:30, and 7:30 o ’clock in the right eye, 
at 4:30, and 10:30 o’clock in the left eye were sutured with 
two interrupted 10-0 nylon sutures on a four wire needle 
(Alcon monofilament Nylon, Gorinchem, NL).

Monkeys were terminated using an overdose of intravenous 
pentobarbital-Na (Euthesate 200 mg/ml, Apharma, Arnhem,

in between type I collagen libers where it may provide NL), the eyes were enucleated, and sutures were removed 
mechanical stability by restricting lateral displacement of the from tissue designated for cryostat sectioning. Corneo-scleral
fibers (27, 28, 29, 30, 31). Because proteoglycans are bound rims with a suture identifying the 12 o ’clock meridian of the
to type VI collagen, it may also have a role in corneal scleral flap, were obtained by incising the sclera for 360°

anterior to the equator leaving a 3 mm scleral rim, and gently 
removing the anterior uveal tissue. With a razor blade knife, 
corneas were cut in half perpendicularly to the incisions at 
1:30, and 7:30 o’clock in the right eye, to those at 4:30, and 
10:30 o ’clock in the left eye (Fig. 1).

The inferior-temporal corneal half from the right eye, 
synthesized by epithelial cells (34, 35), the localization of and the superior-nasal half from the left eye intended for

transparency (27, 31). In corneal wounds, type VI collagen 
may be a measure for the regeneration of lamellar continuity 
across the wound (29).

As the main component of anchoring fibrils, the appearance 
of type VII collagen indicates the presence of epithelial- 
substratum adhesion sites (32, 33). Since type VII collagen is

this collagen may indicate where the epithelium previously histochemical analysis (Fig. 1) were stored frozen at -70°C .
interacted with the stroma in unsutured wounds (3, 5, 6). If Cryostat sections (5-6 pm), obtained at six different portions
so, type VII collagen may show where the epithelium was 
formerly present in the regenerated tissue.

Intermediate filaments may be involved in cellular and cell- 
matrix interactions during corneal development and wounding 
(36). Following wounding, fibroblasts express an intermediate 
filament-associated protein (IFAP 130) (36), that is not detected 
in quiescent cells. IFAP 130 may therefore be used to identify 
activated fibroblasts, and to compare the duration of their 
activated condition in healing wounds (5, 6).

To determine how the former presence of an epithelial plug 
affects the stromal healing response, unsutured and sutured 
keratotomy wounds were analyzed by immunolabeling for 
fibronectin, type III, type VI and type VII collagen, KS and 
IFAP 130,

of the incisions, were transferred to glass slides and immunore- 
acted with specific antibodies at appropriate dilutions using an 
indirect fluorescein isothiocyanate (FITC)-conjugated antibody 
technique (6). Tissue sections on the slides were reacted 
successively with 5% heat-inactivated rabbit serum in phos- 
phate-buffered saline for 45 min, the appropriate antibody (10

O D o s

Materials and methods
Radial keratotomy (RK) procedures were performed by one 
o f  us (GM), in seven male monkeys (Macaca mulatta), 5-7 
kg in weight, aged 7 -8  years. All animals were housed and 
treated according to the Association for Research in Vision 
and Ophthalmology resolution for animal care.

Each monkey was anaesthetized with ketamine-HCl [Ketam- 
ine 100 mg/ml, Tesink Veterinary Products, Oudewater, The 
Netherlands (NL)] and acepromazine (Vetaranquil 10 mg/ml,

Figure L  Keratotomy and suture patterns performed in 14 monkey 
corneas. The inferior-temporal corneal half from the right eyes, 
and the superior-nasal half from the left eyes were frozen for 
immunostaining. Astericks indicate the unsutured and sutured wounds 
evaluated by immunostaining; arrowheads show the incisions that 
were reopened and sutured wounds (not included in this study).
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|Ug/mI) in 5% heat-inactivated rabbit serum for 45 min, 
and FITC-conjugated rabbit antimouse IgG (preabsorbed with 
human corneal tissue) at a 1:20 dilution in 5% heat-inactivated 
rabbit serum for 45 min. The sections were washed three times 
with phosphate-buffered saline between each of the above 
treatments. Preabsorption of the FiTC-conjugated second anti
body w as  performed by incubating the antibody with the

preabsorption reduced the non-specilic binding of FITC to the 
tissue. The stained sections were mounted in glycerin-gelatin 
and examined and photographed with a photomicroscope 
(Vanox, Olympus Optical Co Ltd, Tokyo, Japan) with fluores
cence attachments and epifluorescence objectives. Staining 
patterns were evaluated by three of the authors (GM, NS> MW). 

Two unsutured and two sutured wounds in the frozen halves
insoluble fraction of a homogenate of pulverized corneal tissue, from both eyes of the same animal {Fig* 1 ) were evaluated for 
at 4°C  fo r  24 h. After centrifugation at 10,000 g for 30 each postoperative time interval, i.e. one animal was terminated 
min* the  supernatant was used for immunostaining. This at 2, 3, 4, 5, 6, 7 and 9 weeks after the primary surgery. The
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2. Immunofluorescence staining of an unsutured (A~H) and a sutured (I—P) wound, 3 weeks postoperative: ilbroneclin (A and I), 
K S P G  (B and J), type III collagen (C and K), type VI collagen (D and L), type VII collagen (E and M), IFAP 130 (F and N), negative control 
( G  and O ) ,  and phase contrast photomicrographs for histologic orientation (H and P). Note that librillar-like interweaving with iibronectin, 
ty p e  III a n d  type VI collagen in unsutured wounds is associated with apparent tissue continuity in phase contrast images. Compare to Figures
3  and  4 (B a r  -  100 \im).
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following antibodies were used: (1) antifibronectin (polyclonal, Results 
CLB, Amsterdam, NL), (2) antikeratan sulfate monoclonal
antibody JIG (5, 6, 37), (3) antitype III collagen monoclonal A total of 14 unsutured and 14 sutured wounds (Fig. I) was
antibody 715, directed against the bacterial collagenase-resist- evaluated after immunolahcling for iibronectin, KSPG, type
ant region of type III collagen (6, 38), (4) antitype VI collagen III, type VI and type VII collagen, and fibroblast intermediate
(Telios Pharmaceuticals, Inc., San Diego, CA), (5) antitype 
VII collagen (34, 39), (Antitype VII collagen was a gift from 
J. C. R* Jones, PhD, Northwestern University, Chicago, IL), 
and (6) antibody M l 2, directed against intermediate filament- 
associated protein (IFAP130) (5, 6, 36),

filament-associated protein (IFAP 130), at weekly intervals 
from 2 to 9 weeks after surgery (Figs. 2 to 4), Staining patterns 
in sutured and unsutured wounds appeared to be comparable
among mate eyes; no differences in staining were found 
between wounds in the inferior-temporal corneal half of the
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Figure 3. Immunofiuorescence staining of an unsutured (A-H) and a sutured (I-P) wound, 6 weeks postoperative; iibronectin (A and I), 
KSPG (B and J), type III collagen (C and K), type VI collagen (D and L), type VII collagen (E and M), IFAP 130 (F and N), negative control 
(G and O), and phase contrast photomicrographs for histologic orientation (H and P). Note that the posterior, unsutured wound shows less, 
and the anterior, sutured wound more scar tissue organization perpendicular to the wound, as compared to similar types of wounds al 3 weeks. 
The area indicated by the arrowheads in ‘d ’ is shown at a higher magnification in Figure 5 (Bar =  100 (.tm).



Healing o f  unsutured and sutured corneal incisions 813

right eye ,  and the superior-nasal half of the left eye (Fig. 1). 
Possible pulling effects the sutures may cause on the adjacent 
unsutured wounds were taken into account while drawing the 
conclusions on the healing of unsutured wounds.

Two, three and four weeks

Brilliant staining for fibronectin was present over the full depth

lining the opposing stromal wound edges and the scar was 
seen as a discontinuous stromal lamellae (Fig. 21).

A diffuse staining for KSPG was seen throughout the 
unwounded stroma. Unsutured and sutured wounds were seen 
as dark areas with minimal staining in between the anterior 
wound edges; no differences in staining patterns were found 
between both types of wounds (Figs. 2B and 2J).

Staining for type III collagen showed a sparse fluorescence
of both types of wounds, in a ‘V ’-shaped pattern (Figs. 2A  across unsutured wounds (Fig. 2C). In contrast, sutured wounds 
and 21). In unsutured wounds, a dense, fibrillar-like fluores- had a distinct, mottled fluorescence along the wound edges in 
cence w as  seen across the entire wound; lamellae of opposing the anterior and mid regions (Fig. 2K). A band of non
wound edges appeared to interweave (Fig. 2A). In sutured fluorescent stroma directly adjacent to the wound, contrasted
wounds, lamellar interweaving was absent; fibronectin was with diffuse staining in the unwounded stroma.

. .  I ••

'" » • M W
■ 7 ^ ^

•a • <*. .— r / ,  . ,  .

v 1 '  1 ■

i t :
► f . - . -  1 J

y

*

. . .  : 

■■ 4 : : b  :

. . .  ' c ’<r

a ¡si1

w

. ■■ . .

M

> •

; : V :  = -■■■■■:

1 ■■':■]v . v ' i i - . V f V - ' - - ; : rv!:
v '7 :  -  ■ V / /

: :V'  ** ■ /.• •. ' «?•.’; ‘V . : .■ .7'.':

» o'."

o

^  =*■

S ;r ^

< *  1 .

f ig u r e  4* Immunofluorescence staining of an unsutured (A-H) and a sutured (I-P) wound, 9 weeks postoperative: libroneciin (A and I). 
K S P G  (B and J), type III collagen (C and K)t type VI collagen (D and L), type VII collagen (E and M), IFAP 130 (F and N), negative control 
CG and O ),  and phase contrast photomicrographs for histologic orientation (H and P ), (Bar = 100 |itm).
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Type VI collagen showed a very fine, packed, fibrillar-like 
staining throughout the unwounded stroma. Unsutured wounds 
could hardly be identified, since the (ihriIlar-like staining 
pattern for type VI collagen was continuous across the wounds 
(Fig. 2D). In contrast, sutured wounds exhibited a discontinuity 
of staining; no fluorescence for type VI collagen was present 
between the wound edges (Fig. 2L).

A band of fine punctate staining for type VII collagen was 
seen over the entire scar of unsutured wounds (Fig. 2E). This 
band gradually decreased in width and density toward the 
posterior wound. In sutured wounds, punctate fluorescence 
was restricted to the wound top region (Fig. 2M).

Fibroblasts reacted with IFAP 130 over the entire depth of 
both types of wounds in a ‘V ’-shaped pattern (Figs. 2F and 
2N). Staining was more intense in sutured wounds; fluorescence 
in unsutured wounds diminished to negligible levels three to 
four weeks after surgery.

Five and six weeks
In unsutured wounds, a fibrillar-like staining pattern for 
fibronectin was seen in the anterior and mid regions, whereas 
a loss of lamellar interweaving with fibronectin was seen in 
the posterior wound region (Fig. 3A). In sutured wounds, 
fibrillar-like staining was present across the anterior wound, 
but the mid and posterior wound regions still displayed lamellar 
discontinuity with fibronectin lining the wound edges (Fig, 31).

Staining patterns for KSPG appeared to be similar to those 
at two to four weeks (Figs. 3B and 3J). Unsutured wounds 
showed a sparse fluorescence for type III collagen that was 
more intense in the mid and posterior regions (Fig. 3C). 
Sutured wounds had a sparse, lamellar fluorescence across the 
wound top region, but showed a linear staining along the mid 
and posterior wound edges (Fig. 3K)>

Unsutured wounds showed a fibrillar-like fluorescence for 
type VI collagen across the anterior and mid regions, that was 
absent in between the posterior wound edges (Fig, 3D). Sutured 
wounds showed a fibrillar-like staining pattern across the 
anterior region, but absence of staining in the mid and posterior 
regions (Fig. 3L).

Figure 5. Immunofluorescence staining of the mid-posterior region 
of an unsuturecl wound, 6 weeks postoperative. Posterior fibroblasts, 
that appear to reorient (R) from a perpendicular (PER) to a parallel 
(PAR) orientation to the wound, show positive staining for IFAP 130. 
This may suggest re-activation of these fibroblasts, since the cells 
were found to be quiescent at 3 to 4 weeks after surgery (Bar ~ 10 |im).

Staining patterns for KSPG were similar to those found at
Staining patterns for type VII collagen in both types of earlier time intervals (Figs. 4B and 4J), Both types of wounds

wounds appeared to be similar to those at two weeks, although 
the punctate staining in unsutured wounds had a more scattered 
appearance at later postoperative times (Figs, 3E and 3M).

Expression of IFAP 130, that had gradually diminished in 
fibroblasts with an orientation perpendicular to the wound 
edges in unsutured wounds, re-appeared in posterior fibroblasts 
that showed an apparent re-orientation parallel to these wounds 
(Figs. 3F and 5). Fibroblasts in sutured wounds still showed

showed a pronounced staining for type III collagen lining the 
wound edges, with a feathered appearance (Figs. 4C and 4K). 
Unsutured wounds showed discontinuity of staining for type
VI collagen over the entire wound depth (Fig. 4D), whereas a 
continuous fibrillar-like staining pattern was seen across 
anterior regions of the sutured wounds (Fig. 4L),

After nine weeks, only a dispersed punctate pattern for type
VII collagen was present in the anterior and mid regions of

intense staining tor IFAP 130 in the mid and posterior regions unsutured wounds (Fig. 4E). In both types of wounds IFAP
130 was detectable in the mid and posterior regions (Figs. 4F 
and 4N).

(Fig. 3N).

Seven and nine weeks

Staining for fibronectin had diminished in both types of wounds 
(Figs. 4A and 41). In unsutured wounds, fibrillar-like staining 
for fibronectin across the wound was restricted to anterior 
region (Fig. 4A). Sutured wounds showed fibrillar staining in in rabbits using immunohistochemical markers, has described 
the anterior and mid regions (Fig. 41). the process of epithelial plug elimination, with repetitive

Discussion
A previous study (5), examining keratotomy wound healing
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formation of a basement membrane onto newly deposited scar higher toward the anterior wound region. This agrees with a
progression in healing from the bottom to the lop of  thetissue. A return of fibroblasts to a quiescent state coincided 

with the formation o f  a continuous basement membrane and 
reduced extracellular matrix (ECM) synthesis. In perforating 
wounds, synthesis of type III collagen was restricted to the 
posterior wound (23), and that of type VI collagen to the 
anterior and mid wound (27). In keratotomy wounds in cats, 
the orientation of  fibrillar fibronectin correlated with that of 
myofibroblasts, and therefore with the hypothetical direction 
of wound contraction (10, 12, 13, 40),

In the current study, immunostaining of unsutured wounds 
was compared with that of sutured wounds, to reveal how the 
former presence of ectopic epithelium within the stroma 
contributes to unsutured wound healing. Fibronectin was used 
to identify the presence of a protein matrix that may mediate 
binding of epithelial cells and fibroblasts to the ECM  (6, 7, 8,
9, 10, 11, 12, 13). KSPG and type III collagen were used to 
determine the maturity of the scar (23). Type VI collagen was 
used to determine the recovery of lamellar continuity across 
the wound (27, 29). Type VII collagen was chosen to localize 
epithelial attachment sites (6, 32, 34, 35). Fibroblast inter
mediate filament-associated protein (IFAP 130) was used to 
monitor fibroblast activation during healing (5, 6, 36).

In unsutured and sutured wounds, staining for KSPG was 
less intense than in the surrounding, unwounded stroma. This 
may agree with the lower than normal concentration of KSPG

incision with concurrent elimination of the epithelial plug, and 
more scar tissue deposition in the anterior than in the posterior 
wound (1). However, this hypothesis does not explain a similar 
‘V ’-shaped distribution for IFAP 130 over the depth of 
sutured wounds, in which healing may be expected to start 
simultaneously at all stromal regions. These findings suggest 
that fibroblast activation differs among healing stromal regions, 
irrespective of the former presence of an epithelial plug.

The distribution patterns of fibronectin, type 111 and type 
VI collagen suggested a different scar tissue organization in 
unsiUured compared to sutured wounds, and a change in 
organization in each type of wound over lime. In early phases 
of healing, unsutured wounds showed a fibrillar interweaving 
with fibronectin, type III and type VI collagen across the entire 
wound. In contrast, the discontinuous staining pattern across 
the sutured wounds were seen as a stromal disruption. Fihronec- 
tin and type III collagen were deposited along the wound 
edges and type VI collagen was absent from the wounds. The 
distribution patterns of these ECM molecules may therefore 
indicate that unsutured wounds approximate anatomical repair 
at early postoperative time intervals, compared to incomplete 
repair in sutured wounds. Although the unsutured wounds may 
have been subjected to some additional wound gape due to 
retraction from sutures in adjacent wounds, Lhis may not

in nonperforating (17) and perforating (16, 41) unsutured explain the better early repair of the unsutured wounds.
wounds in rabbits. In the latter wounds, KSPG synthesis was In later phases o f  healing, a loss of fibrillar interweaving
restricted to the anterior wound at two weeks, and to the with fibronectin, type III and type VI collagen was seen in (he
anterior and mid wound at eight weeks after surgery. In our posterior regions of unsutured wounds. In contrast, sutured
study, minimal KSPG deposition appeared to be restricted to wounds showed the establishment of fibrillar interweaving
the anterior regions of unsutured and sutured wounds, at all with iibroneelin, type III and type VI collagen across (he
postoperative time intervals. The reduced levels o f  KSPG have anterior wound regions. Therefore, the change in ECM distribu*
been suggested to result from different oxygenation levels in tion over time suggests a loss of the initial near normal
sear compared to normal tissue (15, 42) or from inability to anatomical organization of the ECM in unsutured wounds,
detect the altered, less sulfated KSPG molecule (15). Hence, from the posterior to anterior regions; and an approximation
the weak staining for KSGP in both unsutured and sutured toward normal ECM distribution in sutured wounds progressing
wounds suggests that KSPG synthesis is incomplete in the from the anterior to posterior regions.
first months after surgery, in both types of wounds. These changes in ECM distribution appeared It) be closely

Unsutured wounds showed type VII collagen deposition related to the patterns of fibroblasL orientation observed in the
over the full depth o f  the wound, whereas it was present only complementary corneal halves, that were evaluated with light
in the top region of sutured wounds. Assuming that type VII and transmission electron microscopy (43). In unsutured
collagen is of epithelial origin and synthesized at the epithelial- wounds, an initial fibroblast orientation perpendicular to the
stromal interface (5, 6, 32, 34, 35), its presence within the wound (edges) was followed by a re-orientation of posterior
scar not only suggests the former presence of epithelium within fibroblasts parallel to the wound. During cell re-orien union,
these wounds (5, 6) but points to the fact that the epithelium the cells appeared to become re-activated (Pig. 5), after they
was actively laying down type VII collagen during continuous had obtained a quiescent appearance as early as three weeks
remodeling of the tissues, Since type VII collagen is synthesized after surgery. In sutured wounds, fibroblasts with an overall
during (35) or after (34) formation of hemidesmosomes and a orientation parallel to the wound, showed a highly activated
basement m em brane , our observations suggest that an epithelial condition up to nine weeks after surgery. In late phases of
adhesion complex is laid down after epithelial ingrowth in healing, the cells in the anterior and mid regions showed less
unsutured wounds, and that anchoring fibrils or their remnants activation and an orientation perpendicular to the wound. Since
remain temporarily within the scar after elimination o f  the fibroblast orientation reflected ullrastrucUiral collagen fiber
epithelial plug. orientation (44), the re-orientation of the cells resulted in a

Since expression o f  IFAP 130 by fibroblasts reflects cellular progressive loss o f  collagen fiber continuity across unsutured
activation (36), a gradual decrease in IFAP 130 over the depth wounds, and the establishment of liber continuity in sutured
of unsutured wounds indicates that fibroblastic activity was wounds (unpublished data).
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Therefore, the distribution patterns of fibronectin, type III 
and type VI collagen and IFAP 130, as well as the biphasie 
patterns of fibroblast orientation, suggest that healing in 
unsutured and sutured wounds varies over wound depth, and 
that it is established in opposite directions. Sutured wounds 
may initially heal more slowly, but obtain lamellar continuity 
over time, In contrast, early near normal anatomical repair and 
subsequent ineffective remodeling characterized the healing of 
unsutured wounds, which may, in part, have resulted from 
early epithelial ingrowth.
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