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Traumatic wounds are a loss in the 
integrity and continuity of the skin and 
causes serious tissue injury (Leaper, 

2006). Wound healing and wound care are 
associated with huge medical costs. The total 
cost of wound care associated with acute 
and chronic wounds ranges between $28.1 
billion to $96.8 billion (Nussbaum et al, 2018). 
Surgical wounds result in the highest expense 
followed by diabetic foot ulcers (DFU) (Sen 
et al, 2019). Importantly, the rising threats of 
obesity and diabetes make chronic wounds a 
major social, clinical, and economic challenge 
(Sen et al, 2019). In addition, a rising population 
and increased prevalence of cardiovascular 
disorders (CVDs) in countries such as China, 
India and Brazil may be the key drivers of an 
increased number of wounds and associated 
use of wound-healing products (Settipalli et al, 
2015). A commonly used clinical intervention to 
reduce wound infection is moist wound healing 
products to cover the injured area, which 
protects from contamination and infections 
(Knight et al, 2019). It has been demonstrated 
that the use of moist wound healing products 
promotes wound healing by increasing the rate 
of re-epithelialisation, collagen synthesis and 
angiogenesis (Dhivya et al, 2015). However, 
conventional wound dressings suffer with 
limitations, such as they sometimes fail to 

promote homeostasis or provide a moist 
wound-bed (Pilehvar-Soltanahmadi et al, 2018). 
A promising therapeutic intervention to treat 
traumatic wounds is negative pressure wound 
therapy (NPWT), which has gained popularity 
in the past decade. The NPWT market size was 
valued at $1.85 billion in 2018 and is expected 
to exceed $2.74 billion by 2026, suggesting 
a Compound Annual Growth Rate (CAGR) of 
5.1% (Fortune Business Insights, 2021). NPWT 
accelerates the healing of a wide variety of 
wounds including traumatic, non-traumatic, and 
chronic wounds (Agarwal et al, 2019). 
NPWT facilitates wound healing by removing 
wound exudate, enhancing blood circulation to 
the wound bed, providing a moist environment, 
reducing microbial burden in the wound and 
increasing tissue granulation (Huang et al, 2019). 
In recent years, NPWT has been recommended 
for the treatment of closed orthopaedic incision 
(COI) wounds, and application of NPWT was 
associated with a lower risk of wound-healing 
complications such as seroma, haematoma, and 
infection with increased wound healing rate 
(Itani, 2015). 

Aim 
The present study assessed the effectiveness 
of NPWT system managing trauma/complex 
wounds in an Indian healthcare setting.

Improved Bates-Jensen score following 
negative pressure wound therapy 
on wounds of various aetiologies: an 
experience from a tertiary care centre 

Aim: The objective of this study is to evaluate the safety and efficacy of 
a negative pressure wound therapy (NPWT) device in trauma and other 
complex wounds. Methods: The present clinical study is a prospective, 
interventional study conducted at a tertiary care center. NPWT was applied 
and the Bates-Jensen Score was calculated to assess the improvement in 
wound healing outcomes. Results: We assessed 22 patients. The outcomes 
demonstrated that NPWT treatment reduced Bates-Jensen score when 
compared with the baseline score. Conclusion: This indicates that NPWT 
therapy facilitates wound healing by increasing granulation tissue formation 
and lowering wound exudate levels.
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Methods 
Study design and ethical approval
Ethics Committee Approval was taken from the 
JPN Apex Trauma Centre (JPNATC), All India 
Institute of Medical Sciences, New Delhi, India 
with approval numbers IEC-265/04.05.2018, 
AA-4/05.04.2019, RP-2018/19. 

Between 2019 and 2021, patients aged ≥18 
years who presented with trauma/complex 
wounds were enrolled in the study and 
received NPWT therapy using the InoHeal 
Wound Healing System developed by Inochi 
Care Private Limited, New Delhi, India. The 
device is electronically powered with a suction 
pump unit that can provide regulated negative 
pressure in the range of -40 to–200mmHg. It 
has a disposable, transparent 500ml capacity 
canister that gets attached to the device and 
collects wound exudates. During the NPWT 
session, a polyurethane foam with a pore size 
of 400–600mm is placed on the wound bed for 
dressing purposes and the foam gets connected 
to the InoHeal device using connectors. Each 
therapeutic cycle lasts up to 72 hours and is set 
at a continuous negative pressure. 

All enrolled participants were told how the 
NPWT system worked and the therapeutic goals 
of the study. Written informed consent was 
obtained from all the participants before their 
enrollment in the study. The confidentiality and 
privacy of the patients were protected. Each 
patient was assigned a specific patient ID (PID-
001, 002, etc.,) to maintain the privacy of the 
enrolled patients. 

Inclusion criteria
Only participants fulfilling the following 
inclusion criteria were enrolled in the study.
		 Age ≥18 years and ≤70 years
		 Presence of an exuding wound
		 Presence of a wound that was not healing in 

a timely manner
		 Agreement and ability to sign the informed 

consent form.

Exclusion criteria:
Participants falling under the following 
categories were excluded from the present 
study.
		 Pregnant woman
		 Simultaneous participation of patients in 

another interventional study
		 Untreated osteitis or osteomyelitis
		 Not examined/unexplored fistulal
		 Malignancy of the wound
		 Exposed nerves, blood vessels, 

anastomotic sites. 

Negative pressure wound therapy 
All enrolled subjects in the study were given 
NPWT on the basis of wound characteristic, 
wound size, increase in granulation tissue and 
length of hospital stay. To provide NPWT, a 
foam-based, biocompatible wound dressing 
was applied to the wound and covered by the 
biocompatible adhesive drape that tightly seals 
the wound dressing at the wound bed and 
helps in creating a sealed environment at the 
wound bed. The NPWT device is a commercially 
developed electronic device. The device is not 
a disposable unit and comes with a single use 
disposable canister. The NPWT device comes 
with customised tubings that connect to the 
foam dressing on one end, and to the NPWT 
device at the other. The NPWT device can be 
operated in the range of -40 to –200mmHg 
and health professionals can decide on the 
negative pressure setting based on the wound 
type and severity of the wound (Agarwal et 
al, 2019). The hospital and nursing staff took 
care of maintaining and overseeing regular 
operation of the NPWT device after obtaining 
necessary instructions from the clinician. The 
medical history of the patients was taken at the 
time of enrolment. The healthcare professionals 
involved in the study were provided training 
to use the NPWT device before the start of 
the study. The family members of the enrolled 
patients were taught how to manage in 
circumstances, such as recharging the device 
and immediate reporting of the alarm to 
hospital staff.

Outcome measures
The primary outcome measures were wound 
healing outcomes based on Bates-Jensen Score 
and the device safety. The wound was debrided 
and NPWT therapy was provided up to 72 
hours for each session. 

Measurement of Bates-Jensen Score 
The Bates-Jensen Wound Assessment 
Tool (BWAT) is a useful scoring system to 
understand the wound healing process during 
a therapeutic intervention (Bates-Jensen et 
al, 2019). The scoring system independently 
scores 13 parameters to assess the wound 
health. In BWAT, a sub score of 1 for a 
parameter indicates a “non-harmful” clinical 
situation while a sub score of 5 is an indicator 
of an “extremely necrotic” clinical situation. The 
final sum for all 13 parameters is summed up 
to obtain the Bates-Jensen score for a wound. 
The 13 wound parameters of BWAT are: size, 
depth, edges, undermining, necrotic tissue 
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a majority of wounds fall in the category of 
trauma wounds (16/22; 72.7 %), followed by 
amputation stumps (3/22; 13.6; %), DFUs (2/22; 
9.09%), and pressure ulcers (1/22; 4.54%). 
Clinical outcomes demonstrated that several 
wounds showed wound healing post-NPWT. In 
our analysis, we did not include wound length 
in calculating the Bates-Jensen Score due to 
non-availability of scale in the patient pictures 
and, therefore, the Bates-Jensen Score reported 
in the present study is a sum of 12 parameters. 
All wounds (Figures 1–2) were analysed using 
the Bates-Jensen Scoring system and the final 
score for all 12 items obtained after summing 
up the score assigned to individual items. We 
observe that the average Bates-Jensen score 

type, necrotic tissue amount, exudate type, 
exudate amount, skin colour surrounding 
wound, peripheral tissue oedema, peripheral 
tissue induration, granulation tissue, and 
re-epithelialisation. Importantly, BWAT helps 
in evaluating the wound severity based on 
the overall BWAT score (Table 1). In our study, 
Bates-Jensen score was calculated for all wounds 
independently by two researchers. 

Results 
In this study, 22 patients were enrolled the 
wound characteristics are shown in Table 2. 
A summary of patient ID, wound location, 
wound type, and the final treatment outcome 
is presented in Table 3. As shown in Table 3, 

Table 1. Bates-Jensen score and severity levels of wounds (taken fromAlison, 2021)

Severity score Severity levels Bates-Jensen score

1 Minimal 13–20

2 Mild 21–30

3 Moderate 31–40

4 Extreme 41–65

Table 2. Wound characteristics of patients enrolled in the study

Patient ID Wound location Wound type Final outcome

PID-001 Right shoulder Trauma wound Wound healed

PID-002 Upper thigh Trauma wound Split-thickness skin graft

PID-003 Left lower limb (femur) Trauma wound Lost to follow-up

PID-004 Left thigh Trauma wound Wound healed (complete closure )

PID-005 Right tibia Amputation stump Wound sutured and discharged

PID-006 Right medial forefoot Diabetic foot ulcer Wound grafted

PID-007 Right medial heal Diabetic foot ulcer Wound healed (complete closure )

PID-008 Hip region Trauma wound Wound grafted

PID-009 Lower back region Pressure ulcers Wound closure and discharged

PID-010 Left lower limb Trauma wound Wound grafted

PID-011 Hand Trauma wound Wound grafted

PID-012 Left limb (Femur) Trauma wound Wound grafted

PID-013 Foot Trauma wound Wound healed

PID-014 Lower limb Trauma wound Wound healed 

PID-015 Below Knee amputation Amputation stump Wound healed 

PID-016 Lower limb Trauma wound Wound healed

PID-017 Left toe Trauma wound Wound healed (complete closure )

PID-018 Lower limb Trauma wound Wound healed

PID-019 Torso Trauma wound Lost to follow-up 

PID-020 Knee stump amputation Amputation stump Wound healed 

PID-021 Right lower limb Trauma wound Wound healed 

PID-022 Right lower limb Trauma wound Wound healed
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Discussion 
NPWT or vacuum-assisted wound closure has 
been in clinical practice since the early 1990s 
to accelerate wound healing. In NPWT, the 
wound is covered using a wound dressing 
and a connected device creates a controlled 
subatmospheric pressure in the wound bed 
to remove the wound exudate and collects 
the wound exudate in a container attached 
to the device. The use of NPWT has gained 
widespread acceptance in clinical settings for 
wound management and wound care (Meloni 

Table 3. The reduction percentage of 22 patients using the Bates-Jensen score

Sr.No Patient ID Total number of 
NPWT sessions 

Initial score Final score Reduction (%)

1 PID-001 1 25 21 16%

2 PID-002 3 28 16 42.85%

3 PID-003 1 27 25 7.4%

4 PID-004 3 38 22 42.1%

5 PID-005 1 30 19 36.6%

6 PID-006 1 31 23 25.8%

7 PID-007 1 27 17 37%

8 PID-008 1 35 23 34.3%

9 PID-009 3 34 15 55.9%

10 PID-010 1 36 27 25%

11 PID-011 1 33 25 24.25%

12 PID-012 2 37 22 40.5%

13 PID-013 1 34 18 47%

14 PID-014 1 36 22 38.9%

15 PID-015 1 36 23 36.1%

16 PID-016 1 36 23 34.4%

17 PID-017 1 32 16 43.75%

18 PID-018 1 35 26 25.7%

19 PID-019 1 31 25 19.3%

20 PID-020 1 34 21 38.2%

21 PID-021 1 31 22 29%

22 PID-022 1 35 25 28.6%

Figure 1. Representative image of a trauma wound treated with negative pressure wound 
therapy  (NPWT)

(A)  Trauma wound at the beginning of NPWT therapy; (B) Trauma wound after 1st NPWT therapy session; (C) Image of grafted wound.

A B C

significantly reduced after the first session of NPWT 
therapy (32.59 versus 23.5; n=22, ***p<0.001; 
Figure 3), indicating that NPWT sessions given to 
patients improved wound healing and wound 
health. The reduction in the average Bates-Jensen 
score for 22 patients shows that wounds moved 
from “moderate severity” to “mild severity” group. 
All patients given NPWT therapy showed a decline 
in Bates-Jensen score (Table 3), an indicating that 
NPWT is therapeutically effective in improving 
wound healing in a wide-range of complex and 
non-healing wounds. 

BBBA BC
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wound health and evaluate the therapeutic 
efficacy of clinical interventions. In our study, 
we evaluated Bates-Jensen Score after each 
NPWT session and calculated a composite 
score for all the parameters considered in 
Bates-Jensen Score. In our analysis, we omitted 
wound length due to non-availability of scale 
in the patient pictures, and therefore we 
calculated the Bates-Jensen Score using 12 
parameters. Interestingly, all patients showed 
a gradual decline in Bates Jensen Score, an 
indication of improved wound bed and wound 
health. An average of 22 Bates-Jensen Scores 
before NPWT session and after the first session 
of NPWT showed a significant decline in Bates-
Jensen Scores (Figure 3; n=22; 32.5 versus 
23.5; ***p<0.0001). A significant reduction in 
the Bates-Jensen Score post-NPWT therapy 
suggests that NPWT improved the healing 
process. However, the reduction in Bates-
Jensen Scores as displayed in Table 2 was not 
the same for each patient and reduction in the 
score was in the range of (7.4% to 55.9%).

A large variation in Bates-Jensen Score 

et al, 2015; Raj et al, 2020; Zens et al, 2020). 
NPWT works by reducing oedema, lowering the 
risk of microbial infection, removing exudate, 
and promoting tissue granulation (Ramula et 
al, 2020). A prospective controlled study by 
Ramula et al (2020) in non-healing ulcer patients 
reported higher patient discharge rate and 
better granulation tissue appearance in patients 
given NPWT therapy as compared with the 
conventional dressing group. 

In the present study, the therapeutic 
efficacy of a newly developed NPWT system 
was assessed using improvement in Bates-
Jensen score (InoHeal Wound Healing System, 
Inochi Care Private Limited, New Delhi, India) 
in a tertiary care hospital (AIIMS, New Delhi, 
India). We used the Bates-Jensen Score to 
measure the therapeutic efficacy of the InoHeal 
system. A lower score on Bates-Jensen Score 
is a reflection of wound healing, and wounds 
following the normal wound healing process 
show a gradual decline in the Bates Jensen 
Score. The Bates-Jensen Wound Assessment 
Tool is a globally accepted tool to measure 

Figure 2. Representative image of a diabetic foot ulcer wound with negative pressure wound 
therapy (NPWT)

(A)  Wound at the beginning of NPWT therapy; (B) Wound after 1st NPWT therapy session; (C) Grafted wound.

A B C

Figure 3. Bar graphs showing the comparison of Bates-Jensen Score in patients treated with 
Negative pressure wound therapy (NPWT)
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All patients given NPWT therapy showed lower Bates-Jensen 
Score when the NPWT therapy was concluded. For each patient, 
the number of sessions varied and the final Bates-Jensen score 
was compared with the baseline score of the same patient. 
The average Bates-Jensen Score before NPWT session for 22 
patients was 32.59, which significantly reduced to 23.5 after 
the first session of NPWT. The reduction in Bates-Jensen score 
suggests that wounds moved from “moderate severity” group to 
“mild severity” group when NPWT therapy was given.
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can have several possible reasons such as 
complexity of the wound, varied response 
to the NPWT therapy by patients, and type 
of wound. A reduction in Bates-Jensen 
Scores indicates an overall improvement in 
wound health such as lower wound exudate 
volume, reduced tissue necrosis, improved 
health of skin surrounding the wound, 
reduced peripheral tissue oedema, reduced 
peripheral tissue induration, increased tissue 
granulation, and increased re-epithelialisation. 
It is important to highlight that chronic 
wounds with a duration >3 months and the 
Bates-Jensen scores >25 are more prone to 
develop polymicrobial infection by several 
bacterial species, such as Staphylococcus 
aureus, Escherichia coli, Pseudomonas 
aeruginosa, Proteus mirabilis, and Klebsiella 
pneumonia. Our analysis shows that out of 
22 patients, 16 patients were shifted towards 
a Bates-Jensen score of <25 post-NPWT 
therapy, indicating a lower risk for microbial 
infection post-NPWT sessions. The improved 
wound health and lower risk for microbial 
infection may further improve wound healing 
outcomes and, therefore, reduce the risk for 
wound-associated adverse events such as 
amputation. During NPWT sessions, no patient 
reported adverse events such as allergy, skin 
maceration, and skin inflammation. Overall, 
the device and wound dressing was found 
safe and biocompatible for wounds of various 
aetiologies. Taken together, the present clinical 
trial demonstrated that the NPWT device is a 
safe and effective therapeutic intervention for 
treating trauma and other complex wounds 
and can be employed for wound management 
and wound care. 

Conclusion 
The present study showed that the NPWT device 
(InoHeal System) is a promising therapeutic 
option to provide negative pressure wound 
therapy in trauma wounds. As assessed by the 
Bates-Jensen Wound Assessment Tool, the NPWT 
treatment improved wound healing by increasing 
tissue granulation and epithelialization, lowering 
wound exudate volume, and reducing necrotic 
tissue amount. In addition, improved wound 
healing after NPWT sessions can improve wound 
management and wound care by reducing 
pain and wound oedema, therefore may have a 
positive impact on quality of life.  WAS
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