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Abstract
The simultaneous exposure of tissue and bone poses specific management challenges. Patients with
extended soft tissue damage and high-grade compound fractures present a demanding clinical challenge,
requiring a complex approach and multiple orthopaedic, plastic, and vascular-reconstructive procedures.
Management involves combinations of wound debridement and closure by secondary intention, use of
vacuum-assisted closure (VAC) devices, and various reconstructive plastic surgery methods. We present three
consecutive complicated cases, involving compound fractures of the lower limb with massive soft tissue
damage (Gustilo-Anderson type IIIB) that were managed with debridement, application of external fixation
and VAC device. The mean wound size was 24 cm in length and 12 cm in width. The aim of treatment was to
cover the bone with soft tissue and achieve healing of the fracture without persistent infection. Wound
healing was achieved in all three cases within 30-42 days (mean 34). In one case, the skin graft was applied
on day 33.

Utilizing this method as part of a multi-directional approach, the VAC system helps the patient recover
faster. Moreover, it acts as a feasible and valuable method to treat compound fractures with massive soft-
tissue defects. VAC can replace microsurgical soft-tissue transfer, reduce the risk of infection and allow
salvaging the limb.

Categories: Emergency Medicine, Plastic Surgery, Orthopedics
Keywords: vacuum-assisted closure device, negative pressure wound treatment, compound fracture, wound
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Introduction
Fractures accompanied by an open wound, at or near the fracture site, are called open or compound [1]. The
simultaneous exposure of tissue and bone poses specific management challenges. As with most wounds,
damage to the soft tissue increases the risk of infection [1-3]. However, prophylaxis against osteomyelitis is
also a key factor in treatment. The severity of open fractures is generally assessed using the Gustilo-
Anderson open fracture classification system [1]. This classification system evaluates the injury severeness
according to wound size, contamination and tissue damage.

Three consecutive cases of compound lower limb fractures with extensive soft tissue damage (Gustilo -
Anderson IIIB) are presented. Management approach with the use of external fixation, debridement, and
vacuum-assisted closure (VAC) device is demonstrated. Afterward, discussion upon current concepts around
wound management is attempted.

Case Presentation
Case 1
A 56-year-old man with a massive soft tissue lesion at the lateral side of the left femur and tibia was
transferred to the Accident and Emergency Department (AED) after a road traffic accident. The patient was
resuscitated according to the Advanced Trauma Life Support (ATLS) protocol. After stabilization of his vital
signs, an imaging study was performed. X-rays and computed tomography (CT) scan revealed a fracture of
the lateral femoral condyle and a comminuted fracture of the proximal third of the left tibia (Gustilo-
Anderson type IIIB). These fractures were associated with extended soft tissue damage (wound defect size 37
cm x 15 cm, 555 cm²) at the lateral side of the left femur and tibia (Figures 1A, 1B). A cast was placed for
provisional stabilization. The primary and secondary survey did not reveal any other major injury except
mild concussion and peri-traumatic amnesia.
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FIGURE 1: Massive soft tissue damage at the lateral side of the left
femur and tibia
The wound on arrival at the accident and emergency Department (A); compound fracture (B) of the lateral
femoral condyle (white arrow)

The patient was taken to the theatre. Debridement and exploration of the wound were performed. The
fracture was reduced and immobilized using an external fixation device (Hoffmann® II External Fixation
System Stryker®). Forty-eight hours post-injury, the patient was taken back to the theatre. Debridement of
the wound and a negative pressure wound therapy system (NPWTS) was applied (pressure applied on
125mmHg - Simex 300 ®). The NPWTS was replaced every four days (Figures 2A, 2B). On day 33, the patient
was taken to the theatre for a final review and an autologous skin graft was used to cover the skin defect
(Figure 3). The skin graft was harvested by the anterior aspect of the femur. The patient was discharged on
day 40 and was followed up on a regular basis at the outpatients' department.
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FIGURE 2: Wound following NPWTS treatment
On day 26 (A); on day 30 (B)

NPWTS, negative pressure wound therapy system
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FIGURE 3: First wound change five days after the application of skin
graft

Case 2
A 35-year-old male patient was transferred to the AED due to a motorcycle road traffic accident. ATLS
protocol was applied and the patient's vital signs were stabilized. The primary survey revealed a comminuted
and segmental fracture of the right tibial and fibular shaft with a 22 x 11-cm wound (222 cm²) defect on the
posterior, medial and frontal aspect of the distal third of the tibia. Vascular investigation (CT angiography)
revealed patency of the vascular network to the lower limb (Gustilo-Anderson Type IIIB open fracture;
Figures 4A-4C). Provisional stabilization was achieved with a simple cast. No other important injury was
noticed.

FIGURE 4: Vascular investigation with CT angiography
Patent vascular network of the lower limb (white arrows in Figures A and C); comminuted and segmental
fracture of the right tibial and fibular shaft (A, B)

CT, computed tomography

The patient was admitted and transferred to the operation room where the wound was explored and
debrided and an external fixation system was applied (Hoffmann® II External Fixation System Stryker®;
Figures 5A, 5B). Forty-eight hours post-injury. the patient was taken back to the theatre and an NPWTS was
applied (pressure applied on 125mmHg - Simex 300 ®). The postoperative treatment included a VAC device
change every four days (Figures 6-8). The patient was discharged on day 35 and was followed up in the
orthopaedics outpatients' department on a regular basis.
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FIGURE 5: Application of external fixation
White arrows (A, B) point to the loose intermediate bone section of the tibial shaft.

FIGURE 6: Wound appearance one week postoperatively, after radical
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surgical debridement and NPWTS application
White arrows (A, B) point to the exposed tibialis anterior tendon.

NPWTS, negative pressure wound therapy system

FIGURE 7: Wound appearance two weeks postoperatively
White arrows (A, B) point to signs of tissue regeneration over the exposed tibialis anterior tendon.

FIGURE 8: Three weeks following NPWTS application in a four-day
interval
Arrows point to impressive tissue regeneration over tibialis anterior tendon; white arrows (A, B) point to
impressive tissue regeneration over the tibialis anterior tendon.

NPWTS, negative pressure wound therapy system

Case 3
An 80-year-old male patient was transferred to the AED due to an accident with an agricultural machine.
ATLS protocol was applied and the patient's vital signs were stabilized. The primary survey revealed a
compound comminuted fracture of the left tibial shaft with a 15 x 12-cm (180 cm²) wound defect on the
anterior and lateral aspect of the distal third of the tibia. CT angiography did not reveal any vascular damage
(Gustilo-Anderson type IIIB open fracture). Provisional stabilization was achieved with a simple cast. No
other important injury was noticed. The patient was admitted and transferred to the operation room where
the wound was explored, debrided and an external fixation system was applied (Hoffmann® II External
Fixation System Stryker®). Forty-eight hours post-injury, the wound was secondly explored and debrided
and an NPWTS system was applied (pressure applied on 125mmHg - Simex 300 ®). Postoperative treatment
included VAC change every four days (Figure 9). On day 28, the patient was discharged. The wound healed by
secondary intention. The patient was followed up in the orthopaedics outpatients' department on a regular
basis.
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FIGURE 9: Gradual wound healing process
Notice tissue regeneration and progressive filling of tissue gap through Figures A to D (white arrows).

Discussion
Management of compound fractures with extensive soft tissue damage is a challenging task for the trauma
and orthopaedic team. Patients are usually with polytrauma and have suffered multiple injuries. A
multidisciplinary approach is always necessary for managing these patients. Damage control principles are
imperative for the initial management of the fracture and the soft tissue lesion. Stabilization of the
fractures, wound debridement and exploration are the initial actions that should be applied the soonest
possible. Delayed primary wound closure by multiple surgical debridements, application of negative wound
pressure (NWP) devices or even early flap coverage are acceptable options alone or in combination for final
treatment. The aim in the management of open fractures is early stabilization and achievement of soft
tissue coverage before the infection develops. It has been estimated that 27% of these wounds become
infected and therefore thorough management is required in order to prevent complications such as non-
union, chronic osteomyelitis, morbidity, and even amputation [1-2].

Wound management with an NWP device involves the application of an airtight wound dressing through
which negative pressure facilitates the wound and tissue fluid to be drawn and collected into a canister. In
our cases, the NPWTS was applied after re-evaluating the wound and after the debridement had been
performed (48-52 hours post-injury). The wound dressing was replaced every four days. Kim et al. have
suggested that considering patient comfort, the costs related to the NPWTS, and the final flap results, a
seven-day interval between changes of the NPWTS is acceptable [2].

NPWTS is acting via several different mechanisms. The negative pressure causes deformation of the wound,
bringing the skin edges closer together and therefore reducing the volume of tissue and skin needed to heal
the wound [1]. Moreover, the increase in the capillary flow which is caused by the tension across the tissue
stimulates granulation tissue formation [4]. Subsequently, the removal of wound exudate and its enzymes
prevents further tissue damage and reduces the skin dressing changes, keeping the surrounding skin dry [1].
VAC seals the wound with a foam dressing and applies negative pressure to the wound bed. The removal of
exudate and infectious material supports the cleaning of the wound [3]. Together with the reduction of
oedema and the increase in blood flow, this promotes the formation of granulation tissue and eventually
wound closure by a split skin graft.

The use of NPWTS has been widely increased during the last decade. It was estimated that in the United
States of America, the Medicare payments for NPWTS increased from 24 million USD (United States Dollars)
in 2001 to 164 million USD in 2007 [5]. However, is this increased use of NPWT justified? Liu et al. conducted
a systematic review in order to clarify the detailed advantages and disadvantages of the negative pressure
wound therapy (NPWT) in the treatment of open fractures in comparison to the conventional wound
dressings [6]. In the eight randomized controlled trials (421 patients) and the six retrospective cohort studies
(488 patients), that were reviewed, NPWTS resulted in a significantly lower infection rate, shorter wound
coverage time, shorter healing time and hospital stay length, and lower amputation rates. However, no
statistically significant difference was found in the need for flap surgery.

Similarly, Kricka et al. concluded that the use of NPWTS in managing grade III compound fractures
statistically reduced the bacterial contamination at the site of injury and also reduced the incidence of
infectious complications [7]. Stannard et al. added that NPWTS increases the “take rate” of skin grafts, skin
substitutes, and composite skin grafts and allows quicker graft incorporation [8]. In regards to fracture
healing, there is no data supporting the use of NPWTS. Cohort studies have failed to find any advantage or
disadvantage of NPWTS compared to the conventional wound dressing, and this might be due to the
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preoperative intergroup incomparability or the inadequate sample size.

There are only a few recent studies that have questioned the use of NPWTS in the management of
compound fractures. Cook et al. have suggested that there is no benefit in using NPWTS over standard
dressings [9]. Moreover, Costa et al. published the results of a multicentre randomized controlled study that
compared 460 patients in total, that had suffered compound lower limb fractures and had received NPWTS
(226) and standard dressing treatment (234) [10]. The investigators found no difference in the Disability
Rating Index within 12 months. Moreover, there was no difference found in the number of surgical site
infections within 12 months, suggesting overall that NPWTS dressings do not provide a clinical or an
economic benefit for patients with an open fracture of the lower limb. These studies, however, do not clarify
whether the investigators took into consideration the difference in the outcomes in regards to the size and
the extent of the soft tissue defect. Our cases presented with massive soft tissue defects measuring from 180
cm² to 555 cm² (mean 319 cm²). It is our strong belief that conventional wound dressing change would
prolong the healing time and increase the infection rate. Moreover, conventional wound dressing change
which is usually required every two days is not easily tolerated by the patients who have massive soft tissue
damage, and general anaesthesia is often required due to the great discomfort and pain. The NPWTS
dressings were replaced every four days in our series, prolonging in that way the dressing interval and
reducing cost and discomfort (Table 1).

Hospitalization 28-40 days (mean 34.6 days)

Mean Flap Size 319 cm²

Mean Healing Period 34 days

Number of NPWTS Changes 6-9 (mean 7)

NPWTS-related cost 1100-1320 € (mean 1.210 €)

TABLE 1: Treatment characteristics in our case series
NPWTS, negative pressure wound therapy system

Conclusions
Utilizing the method of NPWT as part of a multi-directional approach helps the patient recover faster. It acts
as a feasible and valuable method to treat compound fractures with massive soft-tissue defects that can
replace microsurgical soft-tissue transfer, and also reduces the risk of infection and allows salvaging of the
limb. It is also our strong belief that the vacuum-assisted closure system compared to the conventional
wound dressing change prolongs the dressing intervals, reduces cost, healing time, and discomfort to the
patient.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Iheozor-Ejiofor Z, Newton K, Dumville JC, Costa ML, Norman G, Bruce J: Negative pressure wound therapy

for open traumatic wounds. Cochrane Database Syst Rev. 2018, 7:012522. 10.1002/14651858.CD012522.pub2
2. Kim YH, Hwang KT, Kim JT, Kim SW: What is the ideal interval between dressing changes during negative

pressure wound therapy for open traumatic fractures?. J Wound Care. 2015, 24:538-40.
10.12968/jowc.2015.24.11.536

3. Kakagia D, Karadimas EJ, Drosos G, Ververidis A, Trypsiannis G, Verettas D: Wound closure of leg fasciotomy
comparison of vacuum-assisted closure versus shoelace technique. A randomised study. Injury. 2014,
45:890-3. 10.1016/j.injury.2012.02.002

4. Saxena V, Hwang CW, Huang S, Eichbaum Q, Ingber D, Orgill DP: Vacuum-assisted closure
microdeformations of wounds and cell proliferation. Plast Reconstr Surg. 2004, 114:1086-96.
10.1097/01.PRS.0000135330.51408.97

5. Daniel R. Levinson: Comparison of Prices for Negative Pressure Wound Therapy Pumps. Office of Inspector

2019 Angelis et al. Cureus 11(7): e5104. DOI 10.7759/cureus.5104 8 of 9

https://dx.doi.org/10.1002/14651858.CD012522.pub2
https://dx.doi.org/10.1002/14651858.CD012522.pub2
https://dx.doi.org/10.12968/jowc.2015.24.11.536
https://dx.doi.org/10.12968/jowc.2015.24.11.536
https://dx.doi.org/10.1016/j.injury.2012.02.002
https://dx.doi.org/10.1016/j.injury.2012.02.002
https://dx.doi.org/10.1097/01.PRS.0000135330.51408.97
https://dx.doi.org/10.1097/01.PRS.0000135330.51408.97
http://oig.hhs.gov/oei/reports/oei-02-07-00660.pdf


General (ed): US Department of Health and Human Services (HHS), USA; 2009.
6. Liu X, Zhang H, Cen S, Huang F: Negative pressure wound therapy versus conventional wound dressings in

treatment of open fractures: A systematic review and meta-analysis. Int J Surg. 2018, 53:72-79.
10.1016/j.ijsu.2018.02.064

7. Krtička M, Ira D, Nekuda V, Švancara J, Mašek M: Effect of Negative Pressure Wound Therapy on Infectious
Complications in Grade III Open Fractures. Acta Chir Orthop Traumatol Cech. 2016, 83:117-22.

8. Stannard JP, Singanamala N, Volgas DA: Fix and flap in the era of vacuum suction devices: What do we
know in terms of evidence based medicine?. Injury. 2010, 41:780-6. 10.1016/j.injury.2009.08.011

9. Cook R, Thomas V, Martin R: NIHR Dissemination Centre: Negative pressure dressings are no better than
standard dressings for open fractures. BMJ. 2019, 364:4411. 10.1136/bmj.k4411

10. Costa ML, Achten J, Bruce J, et al.: Negative-pressure wound therapy versus standard dressings for adults
with an open lower limb fracture: the WOLLF RCT. Health Technol Assess. 2018, 22:1-162.
10.3310/hta22730

2019 Angelis et al. Cureus 11(7): e5104. DOI 10.7759/cureus.5104 9 of 9

https://dx.doi.org/10.1016/j.ijsu.2018.02.064
https://dx.doi.org/10.1016/j.ijsu.2018.02.064
http://achot.actavia.cz/artkey/ach-201602-0008_effect-of-negative-pressure-wound-therapy-on-infectious-complications-in-grade-iii-open-fractures.php
https://dx.doi.org/10.1016/j.injury.2009.08.011
https://dx.doi.org/10.1016/j.injury.2009.08.011
https://dx.doi.org/10.1136/bmj.k4411
https://dx.doi.org/10.1136/bmj.k4411
https://dx.doi.org/10.3310/hta22730
https://dx.doi.org/10.3310/hta22730

	The Use of Vacuum Closure-assisted Device in the Management of Compound Lower Limb Fractures with Massive Soft Tissue Damage
	Abstract
	Introduction
	Case Presentation
	Case 1
	FIGURE 1: Massive soft tissue damage at the lateral side of the left femur and tibia
	FIGURE 2: Wound following NPWTS treatment
	FIGURE 3: First wound change five days after the application of skin graft

	Case 2
	FIGURE 4: Vascular investigation with CT angiography
	FIGURE 5: Application of external fixation
	FIGURE 6: Wound appearance one week postoperatively, after radical surgical debridement and NPWTS application
	FIGURE 7: Wound appearance two weeks postoperatively
	FIGURE 8: Three weeks following NPWTS application in a four-day interval

	Case 3
	FIGURE 9: Gradual wound healing process


	Discussion
	TABLE 1: Treatment characteristics in our case series

	Conclusions
	Additional Information
	Disclosures

	References


