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Abstract
Background: There is a dynamic and reciprocal interaction among ECM and involving cells, cytokines, growth factors and proteases
(MMP/TIMP). The controlled degradation of ECM by extracellular proteases particularly MMP/TIMP and serene proteases forms the basis of
wound healing. To study clinical factors (BMI, DM) influencing healing of acute abdominal surgical wounds as graded by tissue expression of
MMP 2, MMP 9 and TIMP. Subjects and Methods: The present study was conducted in 46 patients in the Department of General Surgery,
Kamineni Hospitals, L.B. Nagar, Hyderabad. Results: Type II DM was found in 63 % of patients and found to be having significantly affecting
wound healing (p = 0.0017). Wound healing was delayed in uncontrolled DM. Diabetics with healed wound had increased expression of MMP-2
and decreased expression of MMP-9 while Diabetics with non-healed had strong expression of MMP-9 and TIMP as compared to MMP-2.
Obesity was seen in 47.82 % of patients and significantly affected wound healing (p = 0.0022). Obese patients with healed wounds had increased
expression of MMP-2 and MMP – 9 with decreased TIMP levels. Conclusion: The present study strongly supported tissue expression of
MMP-2, MMP-9 and TIMP 2 balance between 7-14 days as a good predictor of wound healing in abdominal laprotomy wounds.
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Introduction

Wound is not just a defect in tissue, it is an insult initiated
dynamic biological process. [1] Wound healing is extremely
complex and dynamic process which involves cell to cell
signaling and cellular and molecular interactions leading to
restoration of tissue integrity and function. [2]Conventionally
wound healing was divided into 3 stages: inflammation,
proliferation, remodeling. [3] Extensive study has been done
chronic diabetic wounds to understand the pathophysiology
of wound healing. [4–9]It is a collaborative process involving
a continuous and reciprocal interaction of variety of cells and
Extracellular matrix (ECM) components.The role of ECM
as critical zone of wound healing has been studied in detail
in recent past. [1,10–13] There is a dynamic and reciprocal
interaction among ECM and involving cells, cytokines,
growth factors and proteases (MMP/TIMP). The controlled
degradation of ECM by extracellular proteases particularly
MMP/TIMP and serene proteases forms the basis of wound

healing.

Various studies have been made in understanding wound
healing at molecular level after discovery of many molecules –
Growth factors, cytokines, MMP/TIMP. The balance between
proteases and anti-proteases (MMP/TIMP) in normal wound
healing has been realized recently and opened new avenues
for intervention in order to improve wound outcome.

There are balancing forces:MMP 2 – increases wound healing,
MMP 9 – Decreases wound healing, TIMPs – Excessive
scarring as per previous studies.

Despite increasing knowledge concerning wound healing, the
process of wound healing has baffled many surgeons because
of its unpredictability. Wound failure might range from
superficial wound dehiscence to complete wound failure. [9]
Extensive attempts have been made to find out various
factors that impede wound healing.Many factors affect wound
healing, like Surgeon factors – experience, type of incision,
suture material, Patient factors – age, nutrition status, sepsis,
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immunological component, Systemic disorders – Type II DM,
Connective tissue disorders, Chronic use of steroids, Local
factors- infection, foreign body, radiation treatment to mention
a few. [1,14,15] A number of other factors contribute to disrupted
wound healing like growth factors and protease-anti-protease
balance (MMP/TIMP).
Within MMP family, MMP 2 and MMP 9 play a muti-
factorial role in wound healing. They are involved in ECM
degradation, cell signaling, Cell migration, proliferation, tissue
remodeling. [4,14,16,17]

Elevated blood glucose in patients with diabetes mellitus leads
to complications including poor wound healing. [18]A number
of studies have been performed characterizing expression of
MMP’s in chronic wounds. Previous studies have shown gen-
eralized increase in MMP activity in chronic wounds. [7,18–20]It
is well known that MMP’s are important in tissue remodeling
but their role in acute wound is poorly studied. Matrix metal-
loproteinases can be studied by various techniques- ELISA,
Western Blot, Immunohistochemistry, Immunofluoresence,
Zymography, Gel electrophoresis. [21] It has been studied in tis-
sue, serum, blood, wound fluids in animals and Human beings.
Hence an attempt is made to study the pattern of tissue expres-
sion of MMP 2, MMP 9 and TIMP by immunohistochemistry
in acute surgical wounds, its correlation to clinical factors and
importance in predicting the wound healing.
Aims and Objectives

1. To study clinical factors (BMI, DM ) influencing healing
of acute abdominal surgical wounds as graded by tissue
expression of MMP 2, MMP 9 and TIMP.

2. To correlate clinical factors (DM, BMI to wound failure
in abdominal incisions.

3. To correlate histological grading of wound with tissue
expression of MMP 2,MMP 9 and TIMP.

Subjects and Methods

This is a prospective study of 46 patients admitted in
the Department of General Surgery, Kamineni Hospitals,
Hyderabad done during the period of 1/8/2009 to 31/8/2011.
The aim of this study is to predict the outcome of abdominal
wound healing using Clinical – diabetes mellitus, BMI,
Histological and Biomolecular markers (MMP2,MMP9 and
TIMP).
Inclusion criteria

• All abdominal surgeries irrespective of age, BMI or
diabetic status

• Indication – elective and emergency abdominal surgeries
• Type of surgery – Laparotomy

Exclusion criteria

• Traumatic wounds

Results

There were males 31 (61.39 %) and females 15 (32.60%) in
the present study.

Wound Status and Duration of Healing

Wounds 34 (73.91 %) healed completely on clinical grounds
within 2 weeks. Remaining patients 12 (26.08 %) took more
than 2 weeks. 2 patients took 5 months.

Body mass index

Out of 46 patients, 8 patients were of normal weight (17.39%)
(BMI - 18.5 – 22.9), 16 patients were overweight(34.78%)
(BMI - 23 – 27.5), 22 patients were obese(47.82%) (BMI -
27.6 – 40). Overall 22 obese and 24 non obese.

Odds ratio – 10.1111

95% CI – 2.3052 - 44.3488

Statistic – 3 067

Significance level – P = 0.0022

Type II diabetes mellitus

There were 29 (63.04%) patients with Type II DM and 17 non
diabetic.

Odds ratio – 14.2500

95% CI – 2.7032 – 75.1181

Statistic – 3 133

Significance level – P = 0.0017

Southampton Clinical Grading

On clinical grounds 73.91% of patients healed completely
while remaining 12(26.08%) of patients did not show signs of
complete healing by 2nd week.

20.58 % of healed wounds showed grade I Southampton
Clinical Scoring. While 73.5 % had Grade 2 and 2.94% had
Grade 3 and 4.

Southampton grading system in healed wounds

Southampton Clinical Grading when applied to non-healed
wounds, 33.3% showed Grade 4 and Grade 5, 25% of non-
healed wounds showed Grade 3, 8.33% of non-healed wounds
showed grade 2.

Chi-square – 32.982

DF – 4

Significance level – P < 0.0001

Contingency coefficient – 0.646

Modified Histological Score
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Wounds were also graded histologically. Modified histologi-
cal score was adapted by our pathologist who was coinvestiga-
tor. The Histology was graded from 1-4 on criteria mentioned
in Materials and methods.

11.76% of healedwounds showedmodifiedHistological score
of 2, 38.23% showed score of 3, 50% showed score of 4 from
0 – 15th POD.

33.3% of non-healed wounds showed modified histological
score of 1,2& 4 while 0% showed a score of 3 from 0 – 15th
POD.

Chi- square – 18.490

DF – 3

Significance level – P = 0.0003

Contingency coefficient – 0.535

MMP 2

MMP – 2 expression was graded from 0 to ++++ , weak (< 2+)
and strong (>2+) and was assessed by two pathologists.

POD

On 0 POD, 61.76% showedweak expression ofMMP 2, 38.23
% showed strong expression in healed wounds.

On 0 POD, 83.33% showedweak expression, 16.66% showed
strong expression in nonhealed wounds.

The pattern of expression of MMP 2 was weak in both healed
(21) as well as non-healed (10) and strong in both healed (13)
as well as non-healed (2) wounds.

Odds ratio – 0.1238

95% CI – 0.02335 to 0.656

Statistic – 2 454

Significance level – P = 0.0141

7th POD

On 7thPOD, 23.52 % showed weak expression of MMP 2,
79.41% showed strong expression in healed wounds.

On 7th POD, 100 % showed weak expression in nonhealed
wounds.

The pattern of expression of MMP 2 was strong in healed (27)
wounds and weak in non-healed (12) wounds on 7thPOD.

Odds ratio – 0.1294

95% CI – 0.006913 to 2.4224

Statistic – 1 368

Significance level – P = 0.1713

15th POD

On 15th POD, 100 % showed weak expression in nonhealed
wounds.

MMP 9

On 0 POD, 91.17% showed weak expression of MMP 9, 11.76
% showed strong expression in healed wounds.

On 0 POD, 58.33 % showed weak expression of MMP 9,
41.66% showed strong expression in nonhealed wounds

The pattern of MMP 9 expression was significantly weak (30)
and strong (4)in healed wounds on 0 POD and non-healed
wounds showed both weak (7) and strong(5) expression.

Odds ratio – 10.5000

95 % CI – 2.2264 to 49.5195

Statistic – 2 971

Significance level – P = 0.00030

7th POD

On 7thPOD, 97.05% showed weak expression and 2.94%
showed weak expression of MMP 9 in healed wounds.

On 7th POD, 83.33 % showed weak expression of MMP 9,
16.66 % showed strong expression in nonhealed wounds.

The pattern of MMP 9 expression was significantly weak(33)
and strong (1) in healed wounds on 7thPOD and non-healed
wounds showed weak(10) and strong (2) tissue expression.

Odds ratio – 165.00

95% CI – 13.50 to 2015.33

Statistic – 3 999

Significance level – P = 0.0001

15th POD

On 15th POD, 75% showed weak expression of MMP 9, 25%
showed strong expression in nonhealed wounds.

TIMP 2

On 0 POD, 76.47% showed weak expression of TIMP 2, 23.52
% showed strong expression in healed wounds.

On 0 POD, 83.33% showed weak expression of TIMP 2,
16.66% showed strong expression in nonhealed wounds

The pattern of TIMP 2 expressionwasweak in both healed (26)
and non-healed(10) wounds on 0 POD and strong in healed (8)
and non-healed (2) wounds. .

Odds ratio – 0.06154

95% CI – 0.0111 to 0.3411

Statistic – 3 191

Significance level – P = 0.0014

7th POD

On 7thPOD, 79.41 % showed weak expression of TIMP 2,
20.58% showed strong expression in healed wounds.
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On 7th POD, 100 % showed weak expression of TIMP 2, in
non-healed wounds.

The pattern of TIMP 2 expression was weak in healed
(27) wounds and non-healed (12)wounds showed 100%
expression, and strong in healed (7) wound on 7thPOD.

Odds ratio – 0.01091

95% CI – 0.0005768 to 0.2063

Statistic – 3 012

Significance level – P = 0.0026

15th POD

On 15th POD, 91.66 % showed weak expression of TIMP 2,
8.33% showed strong expression in nonhealed wounds.

Discussion

This present study was conducted to find out the effects of
parameters on wound healing and this has been correlated
with expression of Matrix Metalloproteinases, an essential
component of acute wound healing. Extracellular matrix
and the role of MMP’s has been validated in the recent
past. [4,7,14,16–20,22–24]The present study conducted in 46 acute
abdominal wounds to evaluate the effect of the following
parameters on healing. Expression of MMP-2, MMP-9 and
TIMP were also correlated with the same parameters.

The parameters studied were

• Type II DM
• Body mass index
• Southampton clinical grading
• Histological grading
• Matrix Metalloproteinases - MMP 2, MMP 9 and TIMP

Type II DM

Lan C et al found that, the mobility of keratinocytes, the
activities were significantly downregulated after hypergly-
caemic treatments It was concluded that under hyperglycemic
conditions Keratinocytes demonstrate reduced migration and
decreased proliferation capacities which can provide explana-
tion for poor wound healing in diabetic patients. [7]

Gabriëlle H. van Ramshorst et al studied the risk factors for
abdominal wound dehiscence in adults. 363 patients among
429,906 operative procedures had abdominal wound failure.
DM was not found to be an independent risk factor in their
study (p= 0.917). [5]

29 (63.04%) out of 46 patients had Type II DM in the
present study. In the diabetic group,19 (65.5%) healed and 10
(34.48%) nonhealed. Out of the 17 non diabetic patients, 15
(82.23%) healed and 2 (11.76%) nonhealed. In this study, Type
II Diabetes Mellitus was a significant risk factor for wound

healing (p = 0.0017) where 35 % of diabetics had nonhealed
wounds and only 11.76 % of nondiabetics had nonhealed
wounds.

The present study correlated with study done by Lan C et al
who found that Diabetes affects wound healing.

DM And MMP 2, MMP 9, TIMP

Lan C et al found that gene expressions of MMP-2 and MMP-
9 were significantly downregulated after hyperglycemic treat-
ments while the mRNA expression of TIMP-1 increased. [7]

The present study showed diabetic patients with healed
wounds had decreased expression of MMP 2 (<2) and
increased expression of MMP 9 (> 2 +) and with nonhealed
wounds had increased expression of MMP 9 i.e.( > 2 +)
while decreased expression of MMP 2 was <2+. Increased
expression of MMP 2 and decreased MMP 9 with healed
wounds was found in nondiabetic patients. TIMP 2 was
increased in healed wounds in diabetics.

There is no other comparable study available in literature to
compare with this study.

L lo,SV Mc lennan studied post wound debridement fluid
samples of neuropathic foot ulcers in Type 2 DM patients they
found a positive correlation (r = 0.57 , p = 0.002).

In the present study, Type 2 DM patients tend to have poorer
wound healing (3 times) (p = 0.0017).

Clinical Scoring System

Wilson AP et al used the ASEPSIS score for postoperative
wound surveillance in 1029 surgical wounds. An ASEPSIS
score over 20 points was more sensitive than and as specific as
the presence of pus as an indicator of changes in management
resulting from infection. Matching 52 infected patients with
uninfected controls, any wound score over 10 points was
associated with a significant delay in wound healing (P <
0.0005). [25]

Z H Krukowski et al assessed 5804 surgical wounds using
different scoring systems.(Purulent discharge alone, Centers
for Disease Control (CDC) definition of wound infection,
on the nosocomial infection national surveillance scheme
(NINSS) version of the CDC definition, and on the ASEPSIS
scoring method). It was found more than twice as many
wounds were classified as infected by only one definition
(n=778) as were classified as infected by both (n=366). These
Surveillance systems were used to monitor rates of wound
infection and form an important component to prevent and
control wound infection. [26]

Frykberg et al conducted a study for evaluation of clinical
wound score to identify lower extremity wounds for compre-
hensive wound management that uses five criteria: appear-
ance, depth, size, infection and perfusion in 83 lower extremity
wounds. Sensitivity, 93, 95, 91; Specificity, 36, 53, 0; Positive
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Pred. Value, 80, 83, 75; Negative Pred. Value, 67, 80, 0; Over-
all accuracy, 78, 87, 70. They concluded that a simple wound
score performed on initial examination of lower extremity
problem wounds would be useful in selecting wounds appro-
priate for comprehensive management that results in wound
healing. [27]

The present study used Southampton clinical scoring system,
73.91 % of patients healed completely while remaining 26.08
% of patients did not show signs of complete healing by 2nd
week. The healed wounds had Southampton Clinical grading
less than II while non-healed wounds had Southampton
Clinical grading more between III and V. Patients with
wound failure showed increased clinical grading. A significant
correlation between Sothampton clinical grading system and
duration of healing (p < 0.0001) was found. Longer the
Duration of healing for acute wounds higher was the Clinical
grading indicating wound failure. Simple clinical grading of
wound on each postoperative day can predict the time required
for healing and thus wound failure.

The results are comparable to previous studies using ASEPSIS
score, Clinical wound score, CDC criteria.

Hitsological Grading

Jacheman sultana et al studied the histological feature in
maxillofacial region. A statistically significant difference was
found between study and control group in terms of pattern and
relative amount of early and late maturation of collagen tissue
(p < 0.005) indicating delayed wound healing among study
patients. [28]

The present study used modified histological grading; healed
wounds were graded 1, 2, 3 and 4. Histological grading
correlated significantly with Wound status (p = 0.0003).
According to this study, Modified Histological grading system
can predict the wound status (healed or nonhealed).

MMP 2, MMP 9 & TIMP

Gillard JA et al found that Immunohistochemistry scores
for matrix metalloproteinase-9 expression were significantly
elevated when compared to controls in wounds from 2
to 20 weeks, respectively. They concluded that Matrix
metalloproteinases are present at elevated levels during early
wound healing suggests that matrix metalloproteinase-9 may
play a significant role. [22]

Salo T, Mäkelä M et al studied the expression of MMP-
2 and MMP -9 during early human wound healing by in
situ hybridization. They found MMP-2 was localized in the
connective tissue fibroblasts and endothelial cells during all
phases of wound healing.MMP 9 was found in granulation
tissue 1 week after wounding. They concluded that MMP-9
is involved in later phases of wound healing. Expression of
MMP-2 remains stable during wound healing. [23]

Ursula Mirastschijski et al compared MMP-9 and MMP-
2 in wound margin biopsies of standardized acute partial-
thickness wounds.They found neither MMP-9 (P = 0.814)
nor MMP-2 (P = 0 .742) differed significantly between
acute and chronic wound tissues. Acute wound healing was
characterized increase inMMP-9 andMMP-2 They concluded
that Chronic nonhealing wounds can be distinguished from
acute healing wounds by an unfavorable distribution and
persistance of MMP-9. [19]

Manuel jessica et al studied the expression of MMP 2 and
MMP 9 in wound healing in athymic nude mice. Their results
showed that MMP-2 protein was high but similarly expressed
in all post-injured animals on Day 7 after injury. Late phase
(Day 24) of wound repair was characterized by decrease in
MMP-2 in all post-injured samples. On the contrary, high
(p<0.001) levels MMP-9 were present exclusively in the post-
injured tissues from nude mice on Day 24 after wounding.
They concluded that matrix metalloproteinase 9 (MMP-9)
expression is upregulated during remodeling phase wound
healing in athymic nude mice. [24]

In the present study, MMP 2 expression was strong in healed
wounds throughout, MMP 9 expression was weak in healed
wounds, TIMP expression was strong in non-healed wounds
(p = 0.0141 day 0, p = 0.1713 day 7).
MMP – 2
Decreased expression (<2+) of MMP 2 and MMP 9 was found
on 0 POD of all patients.
MMP 2 expression was strong (>2+) in healed wounds while
weak (<2+) in nonhealed wounds on 7- 14 postoperative day.
MMP -2 correlated significantly withWound status (p=0.0141
for day 0,0.1713 for day 7). These results were comparable
with previous studies of Urusula et al and Gillard et al.
Petra linen jhonsan, Raphael rosh et al studied the role of
MMP2 expression and its proteolytic activity in healingwound
by quantitative analysis they detected significantly enhanced
MMP2 protien expression in macrophages fibroblasts and
also in scar tissue on day 7 , 21 and 90 whereas in normal
skin the MMP expression was at basal level which is well
correlatedwith our present study (p=0.0014)
MMP – 9
Decreased expression (<2+) of MMP 2 and MMP 9 was found
on 0 POD of all patients.
MMP 9 expression was ≤2 + in healed wounds while it was
strongly increased >2+ in nonhealed wounds.
MMP-9 correlated significantly with Wound status (p<.0001)
in the present study. These results were comparable with
studies of Gillard et al, Ursula et al, Urlich et al, Salo et al
and Manuel Jessica et al.
TIMP – 2
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Decreased expression (<2+) of TIMP was found on 0 POD of
all patients.
TIMP-2 expressionwas≤2+ in healed compared to non healed
wounds where it was strongly increased >2 +.
TIMP - 2 correlated significantly with Wound status
(p<0.0026) in the present study. These results were com-
parable with studies of Helen cook, Phil stephens, K june
davies, Keith G harding.
L lo, SV Mc lennan studied post wound debridement fluid
samples of neuropathic foot ulcers in Type 2 DM patients
they found a positive correlation (r = 0.57, p = 0.002)
between wound healing and connective tissue growth factor
they also analysed that total MMP levels tend to decrease
as connective tissue growth factor increases (r=0.28, p=0.06)
however individual MMPs ie, MMP 2 and MMP 9 did not
correlate with connective tissue growth factor and wound
healing. [4]

In the present study, Type 2 DM patients tend to have poorer
wound healing (3 times) (p = 0.0017), MMP 2 expression was
strong in healed wounds throughout , MMP 9 expression was
weak in healed wounds, TIMP expression was strong in non
healed wounds (p = 0.014 day 0, p = 0.0026 day 7, p=0.014
day 15).

Conclusion

The present study strongly supported tissue expression of
MMP-2, MMP-9 and TIMP 2 balance between 7-14 days as
a good predictor of wound healing in abdominal laprotomy
wounds.
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