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Abstract  

 
Background and Objectives: Diabetes mellitus is a metabolic disorder with profound impact on health 

and economy of the patient, their families and also the nation. Very few patients adhere to proper 

treatment protocols leading to several complications like retinopathy, renal disease, atherosclerosis, 

cardiomyopathy, intestinal paresis, vasculopathy, neuropathy etc., among which diabetic foot is most 

debilitating to the patient (1, 2). India is the diabetes capital of the world with as many as 50 million people 

suffering from type-2 diabetes. The WHO estimates that in India the increase in diabetics would be 58%, 

from 51 million people in 2010 to 87 million in 2030 (3, 4). The lifetime risk of a person with diabetes 

developing foot ulceration is reported to be as high as 25% (5, 6). The risk of lower extremity amputation 

is 15 to 46 times higher in diabetics than in others. The long term outcome for a diabetic patient after a 

major limb amputation is grave, with 50% of these patients deceased at 5 years (7, 8, 9). Diabetic ulcer is 

one of the leading causes of hospitalization in our hospital. These patients occupy the maximum number 

of inpatient beds leading to enormous economic burden. Moreover, these patients have a prolonged stay, 

hence decreasing the number of beds to be occupied by patients with other surgical disorders. Early 

treatment with split thickness skin grafting (STSG) in diabetic ulcers by reducing the healing time and 

hospital stay improves the quality of life for the patient and also reduces the economic burden of the 

patient and family by increasing the work days (9,10). STSG in diabetic ulcers also reduces the morbidity 

and disability resulting from amputations, by decreasing it’s progression to gangrene and other 

complications (12, 13, 14). The objective of the study is to determine the factors affecting the success of 

STSG in diabetic ulcers. 

Methods: In this study, total of 100 patients with diabetic foot ulcers who fulfilled the criteria were 

selected and included in our study. Surgical technique of STSG and prospective care was standardized. 

Factors affecting graft uptake as considered in our study were- age, size of ulcer, haemoglobin level, 

Albumin level, FBS, PPBS, HbA1c, arterial doppler findings. Outcome measures considered were 

percentage of graft uptake on 5th post op day and 15th post op day. 90% or more uptake of skin graft on 

postoperative day 15 was considered as successful grafting. Individual factors were correlated with 

successful grafting and significance of each factor was statistically analysed. 

Results: Total of 100 diabetic patient underwent STSG in our Hospital. The mean age of patient was 

53.13+/-12.83. Male patients contributed to 81%,and females constituted 19% of the study population. It 

was observed that as the age of patient increases, the chances of graft failure also increases. Our study 

demonstrated that as the haemoglobin levels decrease the chances of graft failure increases.57.1% of the 

patients with haemoglobin level < 10g/dl had graft failure with statistical analysis showing suggestive 

significance. 

 Fasting and post prandial blood sugars, if under specified limits had significant positive association with 

successful graft uptake with P value of <0.001 and 0.002 for FBS and PPBS respectively. 

HbA1c levels which reflect the blood sugar levels of 3 months had strong correlation with successful 

graft uptake with p value <0.001. 

Our study also showed serum albumin to be strong significant factor deciding successful grafting. 

Conclusion: Success of split thickness skin grafting in diabetic patients with ulcers depends on age, 

haemoglobin, FBS, PPBS, HbA1c and serum albumin levels. 

Keywords: Diabetes, ulcers, split thickness skin grafting, graft uptake, graft failure 

 

Introduction 

Diabetes Mellitus is a metabolic disorder with profound impact on health and economy of the patient. 

The Diabetic Foot ulcer is a debilitating long-term complication of diabetes mellitus and may be defined 

as an array of foot abnormalities, resulting from peripheral neuropathy, microangiopathy, 
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immunodeficiency and other consequences of metabolic disturbances [15, 16, 17]. These different factors 

may be present alone or occur in combination in patients with diabetes mellitus. Neuropathy, particularly 

symmetrical distal polyneuropathy, is the major causative factor, and is present in 85% of the patients 

with diabetic foot problems [18, 19]. 

Diabetic patients have always suffered from foot ulceration, cellulitis and other associated complications. 

The lifetime risk of a person with diabetes developing foot ulceration is reported to be as high as 25%. 

This complication has become more prevalent since advances in the general medical care of diabetes, 

particularly the discovery of insulin, have prolonged the life expectancy of diabetic patients [20, 21, 22]. The 

risk of lower extremity amputation is 15 to 46 times higher in diabetics than in others and the long term 

outcome for a diabetic patient after a major limb amputation is grave, with 50% of these patients 

deceased by 5 years [22, 23, 24]. Hence despite progress in the treatment of ulcers, prevention and achieving 

healing of established ulcers remains a considerable challenge. Diabetic foot ulcers have important 

effects on the quality of life of affected individuals as well as pose important demands on the health care 

system in terms of manpower and costs [24, 25]. Limitation of walking, special footwear, frequent hospital 

visits or admissions, and the eventual consequences of an amputation all pose a major burden to the 

patient. Every year, more than 1 million people with diabetes lose a leg as a consequence of this disease. 

This means that every 30 second, a lower limb is lost to diabetes somewhere in the world [24, 25, 26]. 

Biomechanical off-loading, vascular surgery, aggressive treatment of infection and meticulous wound 

care are presently seen as essential elements in the treatment of diabetic foot disease and a 

multidisciplinary approach is essential. Due to lack of evidence, the treatment is frequently emperic and 

is determined by personal preference, availability of local expertise and resources [23, 27]. 

Diabetic foot ulcer usually takes several months to heal and in this period there is always the risk of foot 

infection or progressive gangrene with amputation as the final outcome [25, 26, 28]. 

Split-thickness skin grafts (STSG) have withstood the test of time as a method for soft tissue coverage in 

open wounds of many etiologies [29]. For diabetic foot and ankle wounds, which are notoriously difficult 

to heal and tend to reopen after initial closure, STSG has become a common option. STSG is a relatively 

simple and minimally invasive procedure for the management of diabetic wounds [30, 31, 32]. Despite its 

popularity, there is little objective information available in the literature regarding the application of an 

STSG as treatment of choice for wounds in diabetic patients [31, 32]. Only a few small studies have been 

published to date regarding STSG in diabetic ulcers: Mahmoud et al. [33] reported on 50 patients, 

Puttirutvong [34] reported on 42 patients, and Younes et al. [35] reported on 16 patients. The purpose of our 

study was to study a large group of diabetic patients treated with STSG, providing information regarding 

outcomes and factors leading to complications. 

 

Aim and Objective of Study 

Aim and Objective: To determine the factors affecting the success of split thickness skin grafting in 

diabetic foot and leg ulcers. 

The variables that are being considered are: 

Age of the patient, Haemoglobin (HB), Fasting blood sugar (FBS), Post prandial blood sugar (PPBS), 

Glycosylated haemoglobin (HBA1C) and Albumin (ALB). 

 

Materials and Methodology 

Source of Data 

The study conducted on patients admitted in ESIC MEDICAL COLLEGE & HOSPITAL. 

 

Methods 

Study Period: 18 months. 

Study Area: ESIC Medical College and Hospital. 

Study Design: Prospective cohort Study. 

Study Population: Admitted patients with diabetic foot ulcer in department of General surgery 

undergoing STSG. 

 

Inclusion Criteria 

All diabetic ulcers fit for STSG. 

 

Exclusion Criteria 

1. Arterial ulcers with Diabetes mellitus. 

2. Varicose venous ulcers with Diabetes mellitus. 

3. Diabetic ulcers that are unfit for STSG such as: 

▪ Active infection. 

▪ Bone exposure. 

▪ Tendon exposure. 

▪ Pressure bearing area. 
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Study Methods 

Data Collection 

a) Clinical history along with patient’s proforma is collected. 

b) Informed written consent from the patient is obtained. 

 

Study Methods 

Patients and relatives were explained about the split skin grafting procedure and study and necessary 

approval was obtained from them prior to intervention. Patients admitted underwent thorough 

debridement and dressing, treated with sensitive antibiotics and supportive measures. After satisfactory 

granulation tissue formation patient was posted for Split Skin Grafting. Patient evaluated for the take of 

graft on 5th and 15th post-operative day. 

Data regarding the name, age, sex, education, occupation, address, chief complaint, history regarding the 

mode of onset of disease, past medical and surgical history, personal history was collected from patient 

and accompanying relatives. Survival of graft in terms of percentage of take noted. 

 

Study variables 

1) Percentage of graft uptake after STSG at 5 days and 15 days. 

2) Factors affecting graft uptake. 

  

Statistical Analysis 

Descriptive and inferential statistical analysis has been carried out in the present study. Results on 

continuous measurements are presented on Mean  SD (Min-Max) and results on categorical 

measurements are presented in Number (%).  

Significance is assessed at 5% level of significance. The following assumptions on data is made, 

Assumptions: 

1. Dependent variables should be normally distributed. 

2. Samples drawn from the population should be random, cases of the samples should be independent. 

Student t test (two tailed, independent) has been used to find the significance of study parameters on 

continuous scale between two groups (Inter group analysis) on metric parameters. Leven`s test for 

homogeneity of variance has been performed to assess the homogeneity of variance.  

Chi-square/Fisher Exact test has been used to find the significance of study parameters on categorical 

scale between two or more groups, Non-parametric setting for Qualitative data analysis. Fisher Exact test 

used when cell samples are very small.  

 

Significant figures  

+Suggestive significance (P value: 0.05 < p<0.10). 

*Moderately significant (P value: 0.01< p<0.05). 

** Strongly significant (P value: p<0.01). 

 

Statistical Software 

The Statistical software namely SPSS 23.0 were used for the analysis of the data and Microsoft word and 

Excel have been used to generate graphs, tables etc. 

 

Ethical Clearance 

Ethical clearance has been obtained from “Ethical clearance committee” of the Institution. 

 

Results 

Study Design: A prospective cohort study consisting of 100 patients with diabetic ulcers undergoing 

STSG. Factors affecting the success of STSG in diabetic patients is studied. More than or equal to 90% 

uptake on POD 15 is considered successful grafting. 

 
Table 1: Age Distribution of Patients Studied 

 

Age in years No. of patients % 

31-40 21 21.0 

41-50 27 27.0 

51-60 24 24.0 

61-70 17 17.0 

71-80 11 11.0 

Total 100 100.0 

Mean ± SD: 53.13±12.83. 
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The highest number of patients were in the age group 41-50, followed by age group 51-60. 

 
Table 2: Gender Distribution of Patients Studied 

 

Gender No. of patients % 

Female 19 19.0 

Male 81 81.0 

Total 100 100.0 

 

Male patients contributed to 81% of study population. 

 
Table 3: Hemoglobin (g/dl) distribution of patients studied 

 

Hemoglobin (g/dl) No. of patients % 

<10 7 7.0 

10-12 53 53.0 

12-14 36 36.0 

>14 4 4.0 

Total 100 100.0 

 

More than half of the patients had Haemoglobin levels between 10-12 g/dl, 36% of the patients had 

levels of 12-14g/dl. 7% of the patients had haemoglobin less than 10g/dl, and only 4% of the patients had 

haemoglobin more than 14g/dl. 

 

 
 

Chart 1 
 

Table 3: Blood sugar distribution of patients studied 
 

Variables No. of patients (n=100) % 

FBS (mg/dl)   

• <100 0 0.0 

• 100-126 25 25.0 

• >126 75 75.0 

PPBS (mg/dl)   

• <140 9 9.0 

• 140-200 79 79.0 

• >200 12 12.0 

 

75% of the patients had FBS >126mg/dl, 25% of the patients had FBS between 100-126 mg/dl. 

79% of the patients had PPBS between 140-200 mg/dl, 12% of them had PPBS >200mg/dl and only 9% 

of them had PPBS <140mg/dl. 
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Chart 2 
 

 
 

Chart 3 

 
Table 4: HbA1c% distribution of patients studied 

 

HbA1c% No. of patients % 

<6 2 2.0 

6-9 81 81.0 

>9 17 17.0 

Total 100 100.0 

 

81% of the patients had HbA1c between 6-9, 17% of them > 9 and 2% of them had HbA1c less than 6. 

 

 
 

Chart 4 
 

Table 5: Serum Albumin level (ALB) distribution of patients studied 
 

ALB (g/dl) No. of patients % 

<2 0 0.0 

2-3 22 22.0 

3.1-4 69 69.0 

>4 9 9.0 

Total 100 100.0 

 

69% of the patients had Serum Albumin between 3.1-4g/dl, 22% of the patients between 2-3 g/dl and 9% 

of them more than 4g/dl. 
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Chart 5 
 

Table 6: Arterial Doppler distribution of patients studied 
 

Arterial Doppler No. of patients % 

Atherosclerosis 31 31.0 

Normal 69 69.0 

Total 100 100.0 

 

69% of the patients had normal arterial doppler study, 31% of them had atherosclerosis. 

 

 
 

Chart 6 
 

Table 7: % Uptake 5th POD distribution of patients studied 
 

Uptake 5th POD No. of patients % 

0-10 1 1.0 

10-20 1 1.0 

20-30 3 3.0 

30-40 5 5.0 

40-50 8 8.0 

50-60 16 16.0 

60-70 33 33.0 

70-80 20 20.0 

80-90 4 4.0 

90-100 9 9.0 

Total 100 100.0 

 

33% of the patients had skin graft uptake of 60-70% on POD 5, followed by 20% of them having uptake 

of 70-80% and 9% of the patients had uptake of 90-100%. 
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Chart 7 
 

Table 8: % Uptake 15th POD distribution of patients studied 
 

Uptake 15th POD No. of patients % 

0-10 1 1.0 

10-20 0 0.0 

20-30 0 0.0 

30-40 1 1.0 

40-50 2 2.0 

50-60 6 6.0 

60-70 8 8.0 

70-80 8 8.0 

80-90 3 3.0 

90-100 71 71.0 

Total 100 100.0 

 
 

Chart 8 
 

71% of the patients had 90-100% of graft uptake. 

 
Table 9: Outcome distribution of patients studied 

 

Outcome No. of patients % 

Failure 29 29.0 

Successful 71 71.0 

Total 100 100.0 
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Chart 9 
 

 

Uptake of skin graft more than or equal to 90% on POD 15 is considered successful grafting in our study. 

71% of patients had successful graft uptake. 

 
Table 10: Association of basic demographic variables in relation to outcome of patients studied 

 

Variables 
Outcome 

Total (n=100) P value 
Failure (n=29) Successful (n=71) 

Age in years     

• 31-40 2(6.9%) 19(26.8%) 21(21%) 

0.010** 

• 41-50 5(17.2%) 22(31%) 27(27%) 

• 51-60 8(27.6%) 16(22.5%) 24(24%) 

• 61-70 7(24.1%) 10(14.1%) 17(17%) 

• 71-80 7(24.1%) 4(5.6%) 11(11%) 

Gender     

• Female 5(17.2%) 14(19.7%) 19(19%) 
0.774 

• Male 24(82.8%) 57(80.3%) 81(81%) 

Chi-Square/Fisher Exact Test. 
 

 
 

Chart 10 
 

 
 

Chart 11 
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Table 11: Association of Clinical variables in relation to outcome of patients studied 
 

Variables 

Outcome 
Total 

(n=100) 
P value Failure 

(n=29) 

Successful 

(n=71) 

Hemoglobin (g/dl)     

• <10 4(13.8%) 3(4.2%) 7(7%) 

0.087+ 
• 10-12 18(62.1%) 35(49.3%) 53(53%) 

• 12-14 6(20.7%) 30(42.3%) 36(36%) 

• >14 1(3.4%) 3(4.2%) 4(4%) 

FBS (mg/dl)     

• <100 0(0%) 0(0%) 0(0%) 

<0.001** • 100-126 0(0%) 25(35.2%) 25(25%) 

• >126 29(100%) 46(64.8%) 75(75%) 

PPBS (mg/dl)     

• <140 0(0%) 9(12.7%) 9(9%) 

0.002** • 140-200 21(72.4%) 58(81.7%) 79(79%) 

• >200 8(27.6%) 4(5.6%) 12(12%) 

HbA1c%     

• <6.0 0(0%) 2(2.8%) 2(2%) 

<0.001** 
• 6.0-8.0 10(34.5%) 49(69%) 59(59%) 

• 8.0-10.0 13(44.8%) 18(25.4%) 31(31%) 

• >10.0 6(20.7%) 2(2.8%) 8(8%) 

ALB     

• <2.0 0(0%) 0(0%) 0(0%) 

<0.001** 
• 2.0-3.0 17(58.6%) 5(7%) 22(22%) 

• 3.1-4.0 12(41.4%) 57(80.3%) 69(69%) 

• >4.0 0(0%) 9(12.7%) 9(9%) 

Chi-Square/Fisher Exact Test. 

 
 

Chart 12 
 

 
 

Chart 13 
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Chart 14 
 

 
 

Chart 15 
 

 
 

Chart 16 
 

Table 12: Arterial Doppler in relation to outcome of patients studied 
 

Arterial Doppler 
Outcome 

Total 
Failure Successful 

Atherosclerosis 18(62.1%) 13(18.3%) 31(31%) 

Normal 11(37.9%) 58(81.7%) 69(69%) 

Total 29(100%) 71(100%) 100(100%) 

P<0.001**, Significant, Chi-Square Test. 
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Chart 17 
 

Table 13: % Uptake at 5th POD and 15th POD in relation to outcome of patients studied 
 

% Uptake 

Outcome 
Total 

(n=100) 
P value Failure 

(n=29) 

Successful 

(n=71) 

%Uptake 5th POD     

• 0-10 1(3.4%) 0(0%) 1(1%) 

<0.001** 

• 11-20 4(13.8%) 0(0%) 4(4%) 

• 21-50 22(75.9%) 7(9.9%) 29(29%) 

• 51-80 2(6.9%) 54(76.1%) 56(56%) 

• 81-100 0(0%) 10(14.1%) 10(10%) 

%Uptake 15th POD     

• 0-10 1(3.4%) 0(0%) 1(1%) 

<0.001** 

• 11-20 0(0%) 0(0%) 0(0%) 

• 21-50 9(31%) 0(0%) 9(9%) 

• 51-80 18(62.1%) 0(0%) 18(18%) 

• 81-100 1(3.4%) 71(100%) 72(72%) 

Chi-Square/Fisher Exact Test 
 

 
 

Chart 18 
 

 
 

Chart 19 
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Table 14: A Comparison of clinical variables in relation to outcome of patients studied 
 

Variables 
Outcome 

P value 
Failure Successful 

Age in years 60.55±12.72 50.10±11.67 <0.001** 

Hemoglobin (g/dl) 11.36±1.33 12.07±1.25 0.012* 

FBS (mg/dl) 151.00±17.86 134.86±18.03 <0.001** 

PPBS (mg/dl) 187.59±27.45 161.82±20.92 <0.001** 

HbA1c% 8.98±1.44 7.73±1.16 <0.001** 

ALB 3.06±0.37 3.66±0.45 <0.001** 

Uptake 5th POD 38.62±14.57 67.61±13.78 <0.001** 

Uptake 15th POD 58.1±16.61 93.94±4.30 <0.001** 

 

Discussion 

There is abundant information in the literature regarding the successful use of STSG for wound coverage, 

yet most previous studies have focused on wounds in non-diabetic populations and included wounds 

throughout the body. Prior studies for STSG on diabetic foot and ankle wounds are limited. 

Of note, although the literature in this area is sparse, McCartan and Dinh [33] performed a meta-analysis 

of the few available publications on STSG placement for diabetic wounds. They computed a graft take 

rate of more than 90% in 78% of patients by 8 weeks, and therefore recommended it as a viable option in 

wound care. 

Mahmoud et al. [34] prospectively studied patients treated with STSG versus conservative wound 

dressings for diabetic foot wounds. They reported a significant reduction in healing time and duration of 

hospital stay for those patients treated with STSG compared with using paraffin gauze and diluted 

povidone-iodine soaked gauze, yet they did not elaborate on possible indicators for complications 

encountered. 

Puttirutvong [35] compared the use of meshed skin grafts to normal STSG in a randomized study for 

diabetic foot wounds and found no statistically significant difference between the techniques for healing 

time. 

A small study by Younes et [36] reported only on the outcomes for the use of phenytoin for wound 

preparation on large STSG treated diabetic foot wounds.  

All patients in our study had type 2 diabetes mellitus and percentage of graft uptake on post op day 15 

was looked into. 

A study by Mahmoud et al. [34] showed 62% of 50 skin-grafted foot wounds in diabetic patients healed 

by postoperative week 8. This outcome was also found in a study by Younes et al. on 16 patients treated 

with STSG for diabetic foot wounds. Most studies on STSG in nondiabetic populations demonstrate 

healing times of 2 to 4 weeks. Longer healing times in diabetic patients can be attributed to several 

factors, including impaired microcirculation, infection and endothelial dysfunction.  

A study by Marston found a direct relationship between hyperglycemia and wound healing. Further 

modification of the way the patients were divided into groups for analysis based on glycosylated 

hemoglobin levels-particularly if we classified them into 2 groups (those with a HbA1c greater than 7.0 

and those less than or equal to 7.0)-could have affected the statistical significance.  

Previous studies have shown prolonged wound healing and decreased graft uptake with increasing age, 

our study re-emphasizes this. Aging produces intrinsic physiologic changes that results in delayed or 

impaired wound healing. Likewise, we did not find correlation between graft uptake and gender.  

In our study, we found that as the haemoglobin levels decrease the chances of graft failure also 

increases.57.1% of the patients with haemoglobin level < 10g/dl had graft failure, however statistical 

analysis noted suggestive significance only. 

Well controlled fasting and post prandial blood sugars had significant positive association with 

successful graft uptake with P value of <0.001 and 0.002 for FBS and PPBS respectively. 

HbA1c levels which reflect the blood sugar control levels of 3 months had strong correlation with 

successful graft uptake with p value <0.001. 

Nutritional status is an important factor in wound healing. Serum albumin is an important nutritional 

marker. In our study we noticed that patients with lower serum albumin levels had higher failure rates. 

The statistical analysis showed it to be a strongly significant factor for successful grafting. It is 

imperative to maintain serum albumin levels more than 3.5g/dl for successful grafting.  

In a retrospective review of 200 patients undergoing STSG placement for foot wounds, Ramanujam et al. 

found that comorbidities associated with diabetes, such as peripheral vascular disease, retinopathy, 

nephropathy, and cardiovascular disease, conferred more risk of graft failure than the diabetes itself. In 

the present study, we did not thoroughly evaluate patient comorbidities; however, the graft failures we 

observed were more in patients with peripheral vascular disease. We found that peripheral vascular 

disease significantly affected the graft uptake with P value <0.001. Therefore, we also believe that, when 

choosing a closure method for diabetic foot wounds, it may be prudent to consider other important 

comorbidities and not just the presence or absence of diabetes. 

Although mechanical barriers, such as seroma formation, between the STSG and the recipient wound bed 
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are common causes of graft failure in other studies, none of the grafts in our patients experienced this 

complication. Contrary to other studies, there were no donor site complications in our patients. Mahmoud 

et al found donor site morbidity in 4% of their grafted patients, which responded to conservative care.  

.Furthermore, duration of the initial wound, peripheral neuropathy, duration of diabetes were not 

addressed in our study. These factors have been shown to affect wound healing, and their inclusion in the 

analysis may have provided additional important findings. 

 

Conclusion 

The findings of our study confirm that success of split thickness grafting in diabetic wounds depends on 

various factors. Age, haemoglobin, FBS,PPBS, HbA1C, serum albumin and presence of peripheral 

vascular disease having significant association. We also observed that split thickness grafting reduced the 

length of hospital stay thereby reducing the morbidity, mortality and also expenses spent on treating 

these ulcers.  

It is important to maintain haemoglobin levels >10g/dl, FBS <126mg/dl, PPBS <140mg/dl HbA1c <9, 

serum albumin > 3.5g/dl, and to optimse vascular supply for successful grafting. 

 We conclude that split thickness skin grafting is an effective way to promote wound healing in diabetic 

patients with success rate of 71% as observed in our study and above mentioned factors significantly 

affects the uptake.Hence these factors have to be optimized prior to surgery for successful uptake of skin 

graft. 
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