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Abstract: 
Impaired wound healing after clean surgical procedures remains a significant clinical challenge, increasing morbidity, healthcare 
costs and recovery time. Hence, 150 patients undergoing elective clean surgical procedures were evaluated for wound healing 
outcomes following primary closure (n=75) or secondary intention healing (n=75) over 90 days. Primary closure achieved 
significantly faster healing (10.6 ± 3.2 vs. 24.8 ± 7.4 days; p<0.001), lower surgical site infection rates (5.3% vs. 17.3%; p=0.01) and 
better cosmetic outcomes (85.3% vs. 62.7%; p=0.001). Diabetes, elevated body mass index, hypoalbuminaemia and prolonged 
operative duration were identified as independent predictors of delayed wound healing. Thus, data shows the prospectively 
validated risk profile and providing evidence-based targets for perioperative optimisation to improve wound healing outcomes. 
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Background: 

Wound healing is a critical determinant of post-operative 
recovery, patient safety and surgical outcomes. Although clean 
surgical wounds are created under aseptic conditions without 
entry into contaminated body cavities, complications such as 
surgical site infection (SSI), wound dehiscence, seroma 
formation and delayed healing continue to contribute 
substantially to patient morbidity and healthcare expenditure 
worldwide [1]. SSI rates following clean surgery range from 2–
5% in high-income countries and may be considerably higher in 
resource-limited settings, leading to prolonged hospitalization, 
increased antibiotic use and higher readmission rates [2]. The 
wound healing process consists of four overlapping phases: 
haemostasis, inflammation, proliferation and remodelling. 
Successful progression through these stages depends on 
coordinated cellular and molecular responses involving clot 
formation, inflammatory cell recruitment, angiogenesis, collagen 
synthesis and scar maturation [3]. Disruption of any phase may 
impair tissue repair and increase the risk of post-operative 
complications. Several patient-related factors have been 
associated with delayed wound healing. Obesity contributes to 
impaired tissue perfusion, increased wound tension and greater 
susceptibility to infection [4]. Diabetes mellitus adversely affects 
healing through hyperglycaemia-induced immune dysfunction, 
impaired angiogenesis and reduced collagen synthesis [5]. 
Hypoalbuminemia, a marker of poor nutritional status, has been 
linked to decreased wound tensile strength and increased post-
operative complications [6]. Advanced age and tobacco smoking 
further compromise healing by reducing tissue oxygenation, 
collagen turnover and inflammatory responsiveness [7]. 
Procedure-related factors also influence healing outcomes. 
Prolonged operative duration increases tissue trauma and 
contamination risk, while wound management strategies 
directly affect the rate and quality of tissue repair [8]. Primary 
closure remains the standard approach for clean surgical 
wounds because it facilitates rapid healing with minimal scar 
formation, whereas secondary intention healing relies on 
granulation tissue formation and wound contraction, often 
resulting in longer recovery periods. Despite the availability of 
validated assessment tools such as the ASEPSIS score and 

Modified Hollander Cosmesis Scale, prospective data comparing 
wound healing patterns and predictors of delayed healing in 
Indian tertiary care settings remain limited [9]. Therefore, it is of 
interest to describe the wound healing outcomes following 
primary closure and secondary intention healing in clean 
surgical wounds and to identify factors associated with delayed 
post-operative healing. 
 
Methodology: 

This was a prospective observational comparative study 
conducted over 18 months in the Department of General Surgery 
at a tertiary care hospital. Institutional Ethics Committee 
approval was obtained prior to commencement and written 
informed consent was obtained from all participants. The study 
adhered to STROBE reporting guidelines. Patients aged 18–70 
years undergoing elective clean surgical procedures (wound 
Class I per CDC classification) under general or regional 
anaesthesia were eligible for inclusion. Exclusion criteria 
comprised emergency surgery, clean-contaminated or 
contaminated wound classification, immunosuppressive 
therapy, active systemic infection, prior radiation at the 
operative site, pregnancy and refusal of informed consent. Using 
an estimated SSI prevalence of 6% in clean procedures, with a 
precision of 5% at 95% confidence, a minimum sample size of 
135 was calculated; 150 patients were enrolled to account for 
attrition and randomised in a 1:1 ratio to Group A (primary 
closure, n=75) or Group B (secondary intention healing, n=75) 
using computer-generated block randomization with sealed 
opaque envelopes. Group A patients underwent standard 
primary closure of clean surgical wounds using 2-0 non-
absorbable monofilament sutures for skin approximation under 
aseptic conditions. Group B patients had wound edges left open 
for secondary intention healing, managed with saline-soaked 
gauze dressings changed twice daily under sterile technique. All 
patients received standardised perioperative care including 
prophylactic intravenous cefazolin 1 g within 60 minutes of skin 
incision, operative field preparation with chlorhexidine-based 
antiseptic, normothermia maintenance and glycaemic control 
targeting blood glucose below 180 mg/dL intraoperatively. 
Wound assessment was performed at post-operative days 3, 7, 
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14, 30 and 90 by two calibrated assessors (inter-rater reliability 
kappa = 0.84). The primary outcome was time to complete 
wound healing, defined as full epithelialisation without 
discharge or dehiscence. Secondary outcomes included SSI rate 
(assessed using CDC 2017 criteria), wound ASEPSIS score at day 
7, wound dehiscence, haematoma or seroma formation, 
Modified Hollander Cosmesis Scale score at 3 months, patient 
pain score using the Visual Analogue Scale (VAS) at day 30, time 
to return to normal activity and re-attendance for wound care. 
Preoperative serum albumin, haemoglobin, fasting blood 
glucose and HbA1c were recorded for all participants. 
Independent predictors of delayed healing (defined as complete 
healing beyond 21 days) were identified by binary logistic 
regression, with results expressed as odds ratios with 95% 
confidence intervals. Statistical analysis was performed using 
SPSS version 26.0. Continuous variables were expressed as mean 
± standard deviation and compared using independent samples 
t-tests; categorical variables were compared using chi-square 
tests. A p-value <0.05 was considered statistically significant. 
 
Results: 

A total of 150 patients were enrolled with a 100% completion 
rate at 90 days. Both groups were comparable at baseline for age 
and gender distribution, though Group B patients had 
significantly higher mean BMI (27.3 ± 4.2 vs. 24.6 ± 3.8 kg/m²; 
p<0.001), higher prevalence of diabetes mellitus (24.0% vs. 
14.7%; p=0.02) and longer mean operative duration (74.8 vs. 62.3 

min; p<0.001). Mean serum albumin was significantly lower in 
Group B (3.5 ± 0.5 vs. 3.9 ± 0.4 g/dL; p<0.001). Full baseline 
characteristics are presented in Table 1. Primary closure (Group 
A) demonstrated significantly superior wound healing outcomes 
across all primary and secondary wound parameters compared 
to secondary intention healing (Group B). Complete healing by 
day 14 was achieved in 89.3% of Group A versus 54.7% of Group 
B patients (OR=6.81; p<0.001) and mean time to complete 
healing was markedly shorter in Group A (10.6 ± 3.2 vs. 24.8 ± 
7.4 days; p<0.001). SSI rates were significantly lower in Group A 
(5.3% vs. 17.3%; p=0.01) as were wound dehiscence rates (4.0% 
vs. 13.3%; p=0.02) and mean ASEPSIS scores (4.6 ± 2.8 vs. 11.3 ± 
5.6; p<0.001). These findings are detailed in Table 2. Binary 
logistic regression identified BMI ≥30 kg/m² (OR=3.81; p=0.001), 
serum albumin <3.5 g/dL (OR=4.52; p<0.001), diabetes mellitus 
(OR=3.46; p=0.006), operative time >90 minutes (OR=3.46; 
p=0.004), ASA Class III–IV (OR=3.36; p=0.009) and prior SSI 
history (OR=3.98; p=0.02) as statistically significant independent 
predictors of delayed healing (Table 3). At 3-month follow-up, 
patients in Group A reported significantly better cosmetic 
satisfaction (85.3% vs. 62.7%; p=0.001), higher Modified 
Hollander Cosmesis Scale scores (7.8 ± 1.2 vs. 5.4 ± 1.8; p<0.001), 
lower rates of wide scarring (10.7% vs. 34.7%; p<0.001) and 
significantly faster return to normal activity (14.3 ± 4.6 vs. 28.7 ± 
8.2 days; p<0.001), as shown in Table 4.

 
Table 1: Baseline demographic and clinical characteristics of study participants (n=150) 

Variable Group A – Primary Closure (n=75) Group B – Secondary Intention (n=75) χ² / t p-value 

Mean Age (years) 38.4 ± 11.2 40.1 ± 12.6 0.89 0.37 
Gender – Male (%) 56.00% 54.70% 0.04 0.84 
Mean BMI (kg/m²) 24.6 ± 3.8 27.3 ± 4.2 4.26 <0.001* 
Diabetes Mellitus (%) 14.70% 24.00% 2.62 0.02* 
Current smoker (%) 18.70% 28.00% 2.09 0.04* 
Mean serum albumin (g/dL) 3.9 ± 0.4 3.5 ± 0.5 5.63 <0.001* 
Mean operative duration (min) 62.3 ± 18.4 74.8 ± 21.6 3.92 <0.001* 
ASA Class III–IV (%) 12.00% 22.70% 3.11 0.01* 

 *Statistically significant at p<0.05; BMI: Body Mass Index; ASA: American Society of Anesthesiologists Classification 
 
Table 2: Wound healing outcomes comparing primary closure and secondary intention groups 

Outcome Parameter Group A (n=75) Group B (n=75) OR / t p-value 

Complete healing by Day 14 (%) 89.30% 54.70% 6.81 (3.03–15.3) <0.001* 
Complete healing by Day 30 (%) 97.30% 78.70% 8.04 (2.23–28.9) 0.001* 
Mean time to complete healing (days) 10.6 ± 3.2 24.8 ± 7.4 14.82 <0.001* 
SSI (superficial) (%) 5.30% 17.30% 3.76 (1.38–10.2) 0.01* 
Wound dehiscence (%) 4.00% 13.30% 3.73 (1.22–11.4) 0.02* 
Mean ASEPSIS score 4.6 ± 2.8 11.3 ± 5.6 9.42 <0.001* 
Haematoma / seroma (%) 2.70% 8.00% 3.17 (0.82–12.2) 0.09 

 *Statistically significant at p<0.05; SSI: Surgical Site Infection; ASEPSIS: Additional treatment, Serous discharge, Erythema, Purulent exudate, Separation of deep tissues, Isolation of 
bacteria, Stay duration; OR: Odds Ratio; CI: Confidence Interval 
 
Table 3: Patient-related and procedural risk factors for delayed wound healing (n=150) 

Risk Factor Delayed Healing n=38 Normal Healing n=112 OR (95% CI) p 

BMI ≥ 30 kg/m² 42.10% 16.10% 3.81 (1.67–8.68) 0.001* 
Diabetes Mellitus 36.80% 14.30% 3.46 (1.43–8.38) 0.006* 
Current smoker 34.20% 18.80% 2.24 (0.96–5.22) 0.06 
Serum albumin < 3.5 g/dL 39.50% 12.50% 4.52 (1.90–10.7) <0.001* 
Operative time > 90 min 44.70% 18.80% 3.46 (1.50–7.99) 0.004* 
ASA Class III–IV 34.20% 13.40% 3.36 (1.36–8.32) 0.009* 
Age > 60 years 28.90% 14.30% 2.42 (0.95–6.18) 0.06 
Prior SSI history 21.10% 6.20% 3.98 (1.27–12.5) 0.02* 

 *Statistically significant at p<0.05; Delayed healing defined as complete wound closure beyond 21 days; OR: Odds Ratio; CI: Confidence Interval 
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Table 4: Cosmetic and functional outcomes at 3-month follow-up 

Outcome at 3 Months Group A (n=75) Group B (n=75) t / χ² p-value 

Patient cosmetic satisfaction (%) – Good/Excellent 85.30% 62.70% 10.32 0.001* 
Modified Hollander Cosmesis Scale (mean) 7.8 ± 1.2 5.4 ± 1.8 9.47 <0.001* 
Scar width > 2 mm (%) 10.70% 34.70% 13.28 <0.001* 
Hyperpigmentation (%) 13.30% 29.30% 6.39 0.01* 
Pain at wound site (VAS ≥ 3 at 1 month) 12.00% 33.30% 10.24 0.001* 
Return to normal activity (days) 14.3 ± 4.6 28.7 ± 8.2 13.18 <0.001* 
Re-attendance for wound care (%) 8.00% 37.30% 19.6 <0.001* 

 *Statistically significant at p<0.05; VAS: Visual Analogue Scale; Modified Hollander Cosmesis Scale: scored 0–9, higher scores indicate better cosmesis 

 
Discussion: 

The findings of this prospective observational study establish 
that primary closure of clean surgical wounds offers 
significantly superior healing trajectories, lower infection rates 
and better cosmetic and functional outcomes compared to 
secondary intention healing, while corroborating a well-defined 
set of modifiable and non-modifiable risk factors for delayed 
wound healing. These results align with and extend evidence 
from recently published literature Marzoug et al. (2023) [10] in a 
systematic review of SSI risk factors following abdominal 
surgery reported that increased BMI, diabetes mellitus, 
prolonged operative time and low serum albumin were among 
the most consistently significant predictors of SSI, with SSI rates 
across studies ranging from 4.09% to 26.7%. Our study 
corroborates these findings, with diabetes and 
hypoalbuminemia conferring odds ratios of 3.46 and 4.52 
respectively for delayed healing in clean surgical wounds, 
underscoring the importance of pre-operative metabolic 
optimisation. Pan et al. (2024) [11] conducted a network meta-
analysis evaluating local antibiotic regimens for SSI prevention 
in clean surgical wounds, demonstrating that topical antibiotic 
application significantly reduced superficial SSI rates in 
comparison to systemic prophylaxis alone. Our SSI rate of 5.3% 
in the primary closure group, achieved with standardised 
intravenous cefazolin prophylaxis without topical augmentation, 
suggests scope for further reduction through combined 
prophylactic strategies in higher-risk patient subgroups 
identified in our logistic regression model. Guo and Dipietro 
(2010) [12] assessed environmental and nutritional factors 
affecting surgical wound healing, concluding that nutritional 
status particularly serum albumin was a key modifiable 
determinant of healing time and wound complication rates. This 
is directly concordant with our finding that hypoalbuminaemia 
below 3.5 g/dL was the strongest independent predictor of 
delayed healing (OR=4.52; p<0.001), reinforcing the need for 
routine preoperative nutritional assessment and optimisation in 
elective surgical patients. Elfar et al. (2025) [13] in a systematic 
review of surgical wound closure techniques highlighted that 
wound closure method, suture material and tension-free 
apposition are critical determinants of primary healing 
outcomes. Their review supports the superior outcomes 
observed in our primary closure group, particularly the 
significantly lower ASEPSIS scores (4.6 vs. 11.3), lower 
dehiscence rates (4.0% vs. 13.3%) and better cosmetic outcomes, 
affirming primary closure as the preferred strategy for clean 
wounds with well-vascularised, tension-free margins. Maghfour 
et al. (2025) [14] conducted a systematic review assessing 

cosmetic and functional outcomes of excisional surgical wounds 
healed by secondary intention, reporting that while secondary 
intention healing can achieve acceptable cosmesis in selected 
anatomical sites, overall patient-reported cosmetic satisfaction 
was substantially lower than for primary closure, particularly in 
high-visibility locations. Our 3-month data demonstrating 
significantly lower cosmetic satisfaction (62.7% vs. 85.3%; 
p=0.001) and higher rates of wide scarring in the secondary 
intention group are concordant with these conclusions. Liu et al. 
(2024) [15] in a meta-analysis of risk factors for SSI in 
orthopaedic clean surgery identified diabetes (OR range 1.5–
24.3), BMI >24 kg/m², prolonged surgical duration >60 minutes 
and ASA classification as consistently significant predictors 
across included studies. Our logistic regression analysis in a 
general surgical clean wound cohort yields comparable risk 
factor profiles, with operative time >90 minutes (OR=3.46) and 
ASA Class III–IV (OR=3.36) demonstrating significant 
associations with delayed healing, supporting the validity of 
these risk determinants across surgical subspecialties.  
Wolfhagen et al. (2022) [16] evaluated surgical site infection 
prevention bundles in elective clean and clean-contaminated 
procedures and demonstrated that adherence to evidence-based 
perioperative bundles including timely antibiotic prophylaxis, 
normothermia maintenance and glycaemic control reduced SSI 
rates by up to 40%. Our standardised perioperative protocol 
incorporating all three bundle elements is consistent with these 
recommendations and likely contributed to the relatively low SSI 
rate of 5.3% in our primary closure cohort, further validating the 
protective role of structured perioperative care in clean surgical 
wound outcomes. Normandin et al. (2021) [17] examined the role 
of negative pressure wound therapy (NPWT) and moist wound 
care in promoting granulation tissue formation and accelerating 
re-epithelialisation in wounds healing by secondary intention, 
concluding that active wound management strategies 
significantly reduce healing time compared to passive dressing 
alone. While our secondary intention group received 
standardised saline-soaked dressing changes, the significantly 
longer mean healing time of 24.8 days observed in this group 
suggests that adjunct active wound care strategies including 
NPWT may represent an important avenue for future 
intervention to improve outcomes in patients for whom primary 
closure is not feasible. Collectively, these eight lines of evidence 
firmly support perioperative risk stratification, primary closure 
where clinically feasible and targeted metabolic optimisation as 
the evidence-based pillars of clean surgical wound management. 
 
Conclusion: 
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Primary closure produced faster healing and fewer 
complications than secondary intention healing. Diabetes, 
hypoalbuminaemia, elevated BMI and prolonged surgery were 
linked to delay healing. Targeted perioperative optimisation 
may improve wound healing and post-operative outcomes. 
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