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Aim: In comparison with closed fractures, open fractures have an increased risk of infection, 

there are soft tissue-related problems, and difficulties are experienced in union. The aim of this 

study was to evaluate and discuss the results of osteosynthesis applied with a noncontact plate 

in Gustilo–Anderson Type 2, 3a, and 3b fractures.

Method: The study included 23 patients applied with debridement + noncontact plate 

osteosynthesis + soft tissue procedures in a single session for the treatment of an open fracture. 

A follow-up card was created to evaluate the patients in respect of age, gender, fracture level, 

fracture etiology, open fracture type, preoperative and postoperative sedimentation and C-reactive 

protein values, antibiotics used and duration of use, time to union, and complications.

Results: In all 23 patients, full bone union was obtained at mean 22.5 weeks (range: 

16–36 weeks). Complications developed in 9 patients. Implant failure occurred in 3 patients. 

In 5 patients, infection developed which required repeated debridements.

Conclusion: In open fractures, noncontact plating following debridement seems to be a good 

alternative treatment method to intramedullar nailing, especially in metaphyseal and metaphyseo-

diaphyseal fractures and in spiral oblique diafiz fractures. Noncontact plating may also be a good 

alternative to intramedullar nailing for open fracture treatment if the patients have additional 

pathologies such as contusion and thoracic injury.

Keywords: plating, open fracture, infection

Introduction 
In comparison with closed fractures, open fractures have an increased risk of infection, 

there are soft tissue-related problems, and difficulties are experienced in union. In this 

context, open fractures constitute a group of cases for which orthopedic surgical 

management is difficult and for which the percentage of complications is high.1,2 With 

the addition of soft tissue and union problems, the need for repeated operations in these 

patients significantly reduces the quality of life, and relatively low clinical scores are 

obtained at the end of treatment.2 The aim of the treatment is to regain the function of 

the extremity in a short time and to complete this process with the minimum possible 

complications. Achieving this target in open fractures is possible by first reducing 

the risk of infection and then applying procedures that will provide a stable fracture 

fixation and sufficient soft tissue coverage.

In recent years, the application of primary intramedullary nailing (IMN) after 

debridement in open fractures and approaches that have provided soft tissue cover-

age has started to be used more often, especially in fracture types that are suitable 

for fixation with IMN. Although the mechanical superiority of IMN is accepted, in 

the primary application after open fractures, in addition to very good results, serious 

complications have also been reported.3 The most resistant infections experienced after 

open fractures have been reported to be secondary in fractures treated with IMN.4
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Radical debridement, in particular, and the use of intra-

venous antibiotics in the early period have been shown to 

significantly reduce the risk of infection in open fractures.5–8 

From this point, following successful clinical results, there 

has been a gradual move to treatment protocols with all the 

procedures applied in a single session rather than treatment 

protocols with a temporary external fixator applied in the first 

stage and definitive fracture fixation and soft tissue repair left 

to different sessions. Every fracture does not have suitable 

indications for IMN, and despite the good results obtained, 

the combination with highly resistant infections has created 

a need for a different application that will provide sufficient, 

stable fixation and reduce the rates of both deep and resis-

tant infections.

The aim of this study was to evaluate and discuss the 

results of osteosynthesis applied with a noncontact plate in 

Gustilo–Anderson Type 2, 3a, and 3b fractures.

Materials and methods
The study included 23 patients who underwent debride-

ment + noncontact plate osteosynthesis + soft tissue proce-

dures in a single session for the treatment of open fracture. 

The patients comprised 17 males and 6 females with a mean 

age of 32.9 years (range: 17–54 years). Patients included in the 

study were those with Gustilo–Anderson Type 2, 3a, and 3b 

fractures. Exclusion criteria were Type 1 and 3c fractures 

and intra-articular fractures. A follow-up card was created to 

evaluate the patients in respect of age, gender, fracture level, 

fracture etiology, open fracture type, preoperative and post-

operative sedimentation and CRP values, antibiotics used and 

duration of use, time to union and complications. The fracture 

etiology was a traffic accident in 11 patients, a gunshot injury 

in 7, and a fall from height in 5. According to the Gustilo–

Anderson classification, 10 fractures were Type 2, 11 were 

Type 3a, and 2 were Type 3b. Fracture locations were the 

femur in 9 cases and the tibia in 14. In 5 tibia and 6 femur 

cases, the fracture was multifragmented. Diaphyseal fracture 

was determined in 7 cases and metaphyseal in 16 (Table 1). 

Written informed consent was obtained from all the patients 

before the interventions. This study was approved by the local 

ethics committee of Adana Numune Training and Research 

Hospital (ANEAH EK 2016-39).

surgical technique 
All patients were operated upon under general or spinal 

anesthesia. With the exception of 3 patients who presented 

late, all the patients were admitted for surgery within the first 

8 hours. A lateral approach was used in femoral fractures and 

Table 1 Patient data

Patient Age  
(years)

Gender Gustilo-
Anderson

Fracture 
localization

Complications Time to  
union (weeks)

Additional 
operation

Production  
in culture

1 24 M Type 2 Femur distal none 18 – –
2 33 M Type 3A Tibia proximal infection 16 Debridement MRsa
3 32 M Type 2 Tibia shaft infection 17 Debridement MRsa
4 34 F Type 3A Femur shaft implant failure 27 Revision –
5 43 M Type 2 Tibia shaft none 16 – –
6 54 M Type 3A Tibia proximal none 18 – –
7 44 F Type 3A Femur distal infection and skin 

necrosis
19 Debridement MRsa

8 35 M Type 3B Tibia proximal none 33 – –
9 37 F Type 3A Femur distal none 34 – –
10 24 M Type 2 Tibia distal none 20 – –
11 52 M Type 3A Tibia proximal infection 36 Debridement Pseudomonas
12 25 F Type 3A Femur distal none 23 – –
13 28 M Type 2 Tibia distal none 19 – –
14 17 M Type 2 Femur shaft none 22 – –
15 36 M Type 3A Femur distal infection 26 Debridement Enterococcus
16 41 F Type 2 Tibia proximal none 17 – –
17 23 M Type 2 Tibia shaft none 20 – –
18 18 F Type 3B Tibia distal implant failure 36 Revision –
19 44 M Type 2 Femur shaft none 17 – –
20 24 M Type 3A Femur distal none 18 – –
21 36 M Type 3A Tibia shaft none 22 – –
22 22 M Type 3A Tibia distal implant failure 25 Revision
23 32 M Type 2 Tibia distal infection 20 Debridement MRsa

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; F, female; M, male.
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a distal anteromedial or proximal anterolateral approach in 

tibial fractures. First, in all patients, extensive debridement 

was applied, including necrotic tissues and avascular bone 

fragments. Irrigation was then made with 5 L of saline and 

5 L of rifocin solution. Before and after irrigation, deep 

culture was taken from all patients. Fixation was applied 

according to minimally invasive osteosynthesis principles 

with a locking plate appropriate to the fracture pattern. 

Application of noncontact plate was achieved by providing 

a plate–bone distance of 3–5 mm with an osteotome placed 

between the plate and the bone. All patients were checked 

with fluoroscopy. According to the status of the soft tissue 

coverage of the defect, primary closure was applied in 

16 cases, split thickness skin graft in 5 cases, and soleus 

muscle flap in 2 cases. Postoperatively, no plaster cast or 

brace was applied to any patient. Daily follow-up was applied 

to the wound site.

Patients with Type 2 open fractures were administered 

cefazolin for 2 weeks, and patients with Type 3 fractures 

were administered a combination of cefazolin for 2 weeks 

and aminoglycoside for 5 days. As a result of the cultures 

taken, patients with production determined were administered 

antibiotherapy of appropriate dose and duration defined by 

the Infectious Diseases department according to the agent. 

On Postoperative Day 1, patients were mobilized with a 

walker and joint movements were started (Figure 1A–F). 

Under the supervision of a physiotherapist, passive and active 

range of motion exercises were explained to the patients, 

and follow-up was done at specified intervals. Postopera-

tive follow-up examinations were performed on the 15th 

Figure 1 A 17-year-old male patient with Type 2 open femur fracture due to traffic accident. 
Notes: (A, B) Preoperative anteroposterior (aP) and lateral radiographs. (C, D) aP and lateral radiographs following noncontact plating. (E, F) aP and lateral radiographs 
at 6-month follow-up showed adequate union.
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and 45th days, then at 3 months, 6 months, and 1 year with 

routine direct radiographs, sedimentation, CRP, and full 

blood count.

Statistical analysis
The data used in the study were not suitable for testing 

statistical hypothesis due to unattainable randomization of 

the sample and certain problems in conducting a designed 

representative control experiment. However, the study 

assesses the performance of “noncontact plating technique” 

via descriptive statistics, and certain quantities for those are 

given in the Results section.

Results
In all the 23 patients, full bone union was obtained at 

mean 22.5 weeks (range: 16–36 weeks). Clinical and 

radiographic full union was obtained at mean 18.6 weeks in 

the patients with Type 2 open fractures, at mean 24 weeks 

in Type 3a patients, and at mean 34.5 weeks in Type 3b 

patients. Complications developed in 9 patients. Implant 

failure occurred in 3 patients who underwent revision with 

refixation and autograft taken from the iliac wing. Union 

was obtained in these 3 patients at mean 17 weeks after 

the revision surgery. In 6 patients, infection developed that 

required debridements. Although 1 further debridement was 

sufficient for recovery in 3 patients, despite union after 3 

debridements in 2 patients, chronic osteomyelitis developed. 

Wound site necrosis developed in 1 patient, and recovery was 

obtained after debridement and split thickness grafting. In 3 

patients, foot dorsiflexion restriction was determined, and in 

4 patients, knee flexion restriction of ,20°. These restrictions 

were observed not to limit the daily activities of the patients 

(Table 2). When the time to union was compared in respect 

of different fracture etiologies, the results were found to be 

close. In 5 of the 11 patients with a fracture etiology of traffic 

accident, in 2 of the 5 with etiology of fall from height, and 

in 2 of the 5 with firearms injuries, a secondary intervention 

was necessary.

Discussion
Open fractures are prone to complications such as nonunion 

and the development of infection due to both the soft tissue 

and bone damage caused by the severity of the trauma and 

as a result of the injured area being contaminated by the 

outside environment.9 From the past to the current day, 

external fixators have been an important component of the 

staged treatment of open fractures. However, external fixators 

cannot provide sufficient stability biomechanically and create 

a risk of pin site infection in addition to the open fracture. 

Another negative feature of external fixators is the low level 

of patient tolerance.10 In recent years, in particular, a trend 

has been observed to move away from multistage surgery to 

single-stage surgery for these fractures.

In reports in the literature that have compared two-stage 

treatment of open fractures using external fixators with cases 

applied with primary definitive treatment, no significant 

difference has been found in respect of the development of 

infection.11 Despite its disadvantages including low patient 

tolerance, pin site infection, and insufficient fracture stability, 

external fixator application is still used by many surgeons for 

open fractures.12 Both unilateral and circular external fixators 

remain a primary treatment option for defective and highly 

contaminated open fractures.13,14

The primary application of IMN as the basis in open frac-

tures has been used at increasing rates in recent years. The 

basic principle in this application is radical debridement and 

antibiotic prophylaxis to minimize the risk of contamination. 

In a meta-analysis that compared two patient groups of open 

tibial fractures treated with fixation with primary IMN after 

radical debridement and IMN after external fixator, it was 

reported that the times to union, nonunion, and malunion 

rates were lower in the group applied with primary IMN.15 

In an extensive series treated with IMN, it was emphasized 

that deep infections developed and that union problems 

were secondary to periosteal injury and the application of 

external fixators.16,17

Table 2 Type of fracture and cause

Case Mechanism 
of injury

OTA Gustilo–
Anderson

Fracture 
localization

1 Traffic accident OTa a Type 2 Femur distal
2 Fall from height OTa B Type 3A Tibia proximal
3 Traffic accident OTa a Type 2 Tibia shaft
4 Traffic accident OTa C Type 3A Femur shaft
5 Traffic accident OTa C Type 2 Tibia shaft
6 Gunshot injury OTa B Type 3A Tibia proximal
7 Gunshot injury OTa a Type 3A Femur distal
8 Fall from height OTa B Type 3B Tibia proximal
9 Gunshot injury OTa C Type 3A Femur distal
10 Fall from height OTa a Type 2 Tibia distal
11 Fall from height OTa B Type 3A Tibia proximal
12 Traffic accident OTa C Type 2 Femur distal
13 Gunshot injury OTa a Type 3A Tibia distal
14 Gunshot injury OTa B Type 3A Femur shaft
15 Traffic accident OTa B Type 3A Femur distal
16 Traffic accident OTa C Type 2 Tibia proximal
17 Traffic accident OTa C Type 2 Tibia shaft
18 Traffic accident OTa a Type 3B Tibia distal
19 Gunshot injury OTa B Type 3A Femur shaft
20 Fall from height OTa C Type 2 Femur distal
21 Traffic accident OTa B Type 2 Tibia shaft
22 Gunshot injury OTa a Type 3A Tibia distal
23 Traffic accident OTa C Type 2 Tibia distal

Abbreviation: OTA, Orthopaedic Trauma Association.
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In open fractures with soft tissue and periosteal injury, 

the iatrogenic impairment of medullary canal circulation in 

reamerized nailing and the development of cortical necrosis 

are related to deep infection. Pin site infections created by 

external fixators and the negative effect of reamerized nail-

ing on medullary circulation have brought unreamed nailing 

to the fore in the treatment of open fractures.18 Although 

unreamed intramedullary nails provide an advantage in 

respect of the risk of infection, it is not a fixation method that 

can be used as an alternative to plate application in terms of 

stability in fractures extending to the joint or in metaphyseal 

fractures. In addition, it is not possible to apply nails without 

reaming of a thickness that will provide sufficient fixation 

in diaphyseal fractures.

Although many studies have used staged definitive 

treatment with IMN, very few have used the noncontact 

plate, as in this study.19,20 With the application of the 

noncontact plate, biomechanical stability was provided 

for all the patients of this study to a degree close to that 

of the conventional plate, without iatrogenic impairment 

of the fracture circulation and offering the possibility of 

application to diaphyseal, metaphyseal, and intra-articular 

fractures. Union was obtained in all the 23 patients at mean 

22.5 weeks. Implant failure developed in 3 patients, deep 

infection in 5, and wound site necrosis in 1, similar to the 

findings in the literature. The 5 patients in whom deep 

infection developed recovered with repeated debridement 

and agent-specific intravenous antibiotic treatment without 

the need for implant removal, and union was obtained in 

all cases. This suggests that the noncontact plate is more 

resistant to the creation of a biofilm layer and is more effec-

tive than conventional plating in the intervention against 

infection.16 This feature is comparable to other studies in 

respect of both union and infection.3,4,20

It has been shown that soft tissue coverage occurring in 

the early stage has positive effects both on the development 

of secondary infection and on fracture healing.21–23 In this 

study, soft tissue coverage was provided in all patients 

following debridement and fixation. When the technique 

was compared with external fixation, biological noncontact 

plating provided closure both in cases with split thickness 

grafting and in those with soleus muscle flap. As in this 

study, positive results have been previously reported in the 

sense of both fracture union and obtaining a high functional 

result by providing soft tissue coverage and a biomechani-

cally stable fixation, and in terms of postoperative care and 

rehabilitation for patients.23,24

In interventions against the development of infection 

in open fractures, the importance of stable fixation of the 

fracture has been emphasized.25 One aspect of the noncontact 

plating applied in this study was the provision of stability 

and fixation close to that of conventional plating.26,27 Another 

aspect was that it contributed to the appropriate dose of 

antibiotics reaching the tissues and the nourishment of the 

tissues by preserving the periosteal circulation and the soft 

tissue connection to the fracture.16–20

The agent initially isolated from the wound has been 

found to be the agent in only 18% of infections developing 

secondary to open fractures.28 In the other 82% of cases, an 

agent different from the initial agent has been isolated. This 

is probably due to contamination from the external environ-

ment in cases where there has been late closure of the wound 

in secondary interventions or because of pin site infec-

tions created by the external fixator. In this sense, it can be 

assumed, in contrast to the traditionally accepted views, that 

primary debridement, primary definitive fixation, and wound 

closure would relatively reduce the risk of infection.

The timing of the first intervention and debridement in 

open fractures is very important. It has been observed that 

treatment within the first 8 hours, in particular, significantly 

reduces the risk of complications and infection.16 Of the 

5 cases of infection that developed in the current series, the 

first intervention in 3 of these cases was made after mean 

12 hours, and the development of deep infection in these 

3 cases supports these previous findings.

In open fractures, contact between the bone and the 

implant, in particular, is known to play a primary role in the 

development of infection and biofilm.13–16 With the applica-

tion of a noncontact plate, there is no contact between the 

bone and the implant, and the connection betweeen the two 

is only with screws. Appropriately placed screws in the bio-

logical plating technique are further from the fracture line 

compared to those in conventional plating. This can be con-

sidered to make the formation of infection and biofilm more 

difficult. In addition, as the lever arm is short compared to 

that of external fixators, a more stable fixation is provided.18 

Thus, noncontact plating can be considered an alternative 

method for single-stage treatment of open fractures.

Conclusion 
In open fractures, noncontact plating following debride-

ment seems to be a good alternative treatment method 

to intramedullar nailing, especially in metaphyseal and 

metaphyseo-diaphyseal fractures and in spiral oblique diafiz 

fractures. Noncontact plating may also be a good alterna-

tive to intramedullar nailing for open fracture treatment if 

the patients have additional pathologies such as contusion 

and thoracic injury. In addition, as there is no damage to 
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the intramedullary circulation and periosteal circulation as 

secondary injuries of open fractures, it can also be consid-

ered a treatment alternative for diaphyseal femur and tibia 

fractures to avoid implant failure that could be created by 

unreamed nailing.

A limitation of this study can be said to be the low number 

of cases. Furthermore, a study that is made within group 

comparisons of different types according to the open fracture 

classification would reach more objective results.

Disclosure
The authors report no conflicts of interest in this work.
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