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Traumatic Composite Bone and Soft Tissue Loss of the Leg: 

Region-Specific Classification and Treatment Algorithm   

ABSTRACT: 

BACKGROUND: The management of traumatic composite bone and soft tissue loss 

(TCBSTL) requires a classification system and decision-making algorithm for the 

purpose of description, prognosis and choice of treatment method. 

PATIENTS AND METHODS: between the year 2000 and 2017 a series of 254 cases 

of TCBSTL were treated using distraction histogenesis and external fixation 

techniques. The tissue loss was due to either the initial injury or debridement of 

infection. Adjunctive procedures included split thickness skin grafting and ICBG 

when indicated. A classification system was designed by the author. The classification 

is based on factors that influence management and prognosis; (1) stability of the host 

bone (intact tibia or a well-fixed fracture), (2) presence or absence of infection in the 

fracture site, (3) size of bone defect, and (4) contamination (infection) of the 

medullary cavity. A flowchart and decision-making algorithm was subsequently 

developed.  

RESULTS: Ilizarov external fixator was used in all cases. Ten cases (4%) had 

combined Masquelet – Ilizarov technique. One hundred seventy five cases (68.9%) 

had gradual distraction–compression (GDC) technique; while 79 cases (31.1%) had 

acute shortening and re-lengthening (ASRL) technique. Seventy-two cases (28.3%) 

had autogenous iliac crest bone graft (ICBG). All cases (100%) had complete clinical 

and radiological fracture union. All patients completed the follow up that ranged from 

24 to 118 months (mean 43.3 ± 23). The results were satisfactory in 212 cases 

(83.5%) and unsatisfactory in 42 (16.5%) cases due to residual leg length discrepancy, 

joint stiffness, and persistent pain.  

DISCUSSION: the proposed classification is simple, applicable, recallable and 

includes most scenarios of reconstructable TCBSTL. The classification provides a 

basis for communication, description and evaluation of such cases. The algorithm, 

based on our classification, provides a guideline for management without over/under 

treatment. 
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HIGHLIGHTS: 

- A classification system and treatment algorithm are necessary to address the 

problem of traumatic composite bone and soft tissue loss (TCBSTL) with/without 

deep infection. 

- A region-specific treatment algorithm is necessary because what is suitable for a 

certain body-region may not apply to another.  

- Bone stability is the foundation of any limb reconstructive approach. 

- Persistent deep infection can ruin any limb reconstructive attempt. 

- Distraction histogenesis provides a comprehensive solution for complicated leg 

fractures in a cost-effective way despite a long learning curve. 
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INTRODUCTION: 

Reconstruction of lower limb traumatic composite bone and soft tissue loss 

(TCBSTL) represents a great challenge to limb reconstruction services due to several 

factors including the overwhelming number of referred cases due to increasing road 

traffic accidents, late presenting cases with deep wound infection and factors related 

to the injury severity. Moreover, the effect of the initially instituted surgical 

interference which influence subsequent trials at reconstruction. 

An ideal reconstruction requires accurate evaluation of the tissue defects. An effective 

clinical classification system should distinguish between simple and complicated 

defects, clearly express the characteristics of the defects, and be used easily and 

practically (1 - 3). 

The literature is abound with several approaches for reconstruction of such limb 

injuries. The main approaches for the reconstruction of TCBSTL are traditional bone 

grafting (including the inter-tibio-fibular graft and tibialization of the fibula), 

vascularized bone transport, the induced-membrane technique and bone transport 

techniques (4 – 7). However, no classification system or a decision-making algorithm 

are available for the purpose of description, prognosis and choice of treatment 

method. 

A region-specific treatment algorithm is necessary because what is suitable for a 

certain body-region may not apply to another (8). A comprehensive classification 

system and treatment algorithm are necessary to address the problem of traumatic 

composite bone and soft tissue loss (TCBSTL) with/without deep infection.  

In the present study a group of cases with TCBSTL of the leg were reviewed and 

consequently a classification system and decision-making algorithm, for the clinical 

evaluation and reconstruction, are proposed. 

PATIENTS AND METHODS: 

The cases of 254 patients constitute the basis of this retrospective study that extended 

from the year 2000 to 2017. All patients had traumatic composite bone and soft tissue 

loss due to the original trauma or resulted from debridement of infected fracture site. 

Excluded from the study were patients who had general debilitating diseases e.g. 

uncontrolled DM, renal or liver impairment that would preclude major limb 

reconstruction (Table 1 presents the demographic data of the study cases).  

In this series, reconstruction of the combined bone and soft tissue defects followed 

our conception of Ilizarov bone-transport as an advancement of a vascularized local 

osteomyocutaneous flap to bridge bone and/or soft tissue defect (9). All cases had 

Distraction histogenesis and Ilizarov external fixator techniques. Skin grafts and local 

soft tissue flaps were the options when a soft tissue defect could not be covered using 

external fixator techniques. No case had a free vascularized tissue graft.  
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The first author (MAE) developed a classification system and subsequently a 

treatment algorithm for management of our cases. The classification system is based 

on factors that influence management and prognosis; (1) stability of the host bone 

(intact tibia or a well-fixed fracture), (2) presence or absence of infection in the 

fracture site, (3) size of bone defect, and (4) contamination (infection) of the 

medullary cavity.  

Two types (A and B) are described according to host bone stability. The subtypes 

describe absence or presence of infection. The groups, in subtype B, describe size of 

bone defect (in subtype B1) and contamination of the medullary cavity(in subtype 

B2). 

The classification :(Figure 1 ) 

-Type A: intact host bone or a well-fixed fracture, and soft tissue loss: 

- Subtype A1 without deep infection  

- Subtype A2 with deep infection.  

- Type B: unstable fracture or bone loss, and soft tissue loss:  

- Subtype B1 without deep infection 

 . Group .1 bone defect < 3 cm. 

 . Group .2 bone defect 3 – 6 cm. 

 . Group .3 bone defect > 6 cm. 

- Subtype B2 with deep infection 

. Group .1 no contamination of medullary cavity  

 . Group .2 contaminated medullary cavity 

Interpretation of the classification: 

Type A1 indicates stable host bone, and no deep infection. 

Type A2 indicates stable host bone, with deep infection. 

Type B1.1 indicates unstable host bone, no deep infection and bone defect < 3 cm. 

Type B1.2 indicates unstable host bone, no deep infection and bone defect 3 - 6 cm. 

Type B1.3 indicates unstable host bone, no deep infection and bone defect > 6 cm. 

Type B2.1 indicates unstable host bone, and no medullary contamination. 

Type B2.2 indicates unstable host one, with medullary contamination. 
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Implementation of the classification: 

Based on our classification, a flowchart and decision-making algorithm were designed 

(Figure 2). For subtype A1, the management included soft tissue coverage following 

the reconstructive ladder. Subtype A2 had a staged reconstruction; First stage 

included debridement and if the host bones remained intact or stably fixed then the 

next stage was soft tissue coverage, but if the debridement resulted in unstable host 

bone then the next stage follows subtype B1 regimen. (Figures 3 and 4). 

For subtype B1, the management depended on the size of bone defect. In group 1, the 

defect is less than 3 cm, the treatment included adaptation of bone ends, insertion of 

ICBG and fixation. In group 2, the defect size is 3 – 6 cm; the reconstruction was 

through bone transport or ASRL using distraction histogenesis and Ilizarov fixator. 

In-group 3, the defect size more than 6 cm, the reconstruction was through bone 

transport (Figures 5 and 6). 

For subtype B2, the management depended on contamination of the medullary cavity, 

like in the cases of infected IMN or badly infected half pins of external fixator. In 

group 1, where the host bone was unstable with deep infection but no medullary 

cavity contamination e.g. late presenting open fracture, infected nonunion after plate 

fixation. The management included debridement of all necrotic, infected tissues and 

extraction of retained hardware. The approach was a Z-shaped incision with the 

transverse limb centered on the sinuses and unhealthy skin to convert the horizontal 

limb into an ellipse for excision of all sinuses. Then reconstruction depended on the 

size of the resultant defect, either acute shortening and re-lengthening (ASRL) or 

gradual distraction-compression (GDC) depending on the defect size, soft tissue 

condition and distal blood flow (10) (Figure 7). In-group 2, the medullary cavity was 

contaminated, the debridement included reaming of the medulla to remove necrotic 

and infected tissues and curettage of previous pin-sites. Our staged reconstruction 

included firstly an antibiotic spacer and walking PTBC (Patellar Tendon Bearing 

Cast) for 6 – 12 weeks until bone and soft tissue condition had improved. The second 

stage included extraction of the spacer and bone transport from metaphyseal 

osteotomy using an Ilizarov frame (Figure 8 and 9). 

Evaluation of results: according to El-Rosasy’s criteria (nine criteria for satisfactory 

results), the treatment outcome was evaluated (10). A satisfactory objective and 

subjective outcome included bony union, residual deformity less than five degrees, 

residual leg length discrepancy less than 2.5 cm, no more infection, no exposed bone, 

permanent joint contracture less than five degrees, no or mild pain, return to previous 

work, and subjectively satisfied patient. 

Statistical analysis: Data-collection, tabulation and statistical analysis were performed 

by the second author (MAA) who was not involved in the surgical treatment of the 

study cases at any phase. Statistical analysis of the study depended on SPSS version 

11.0.1for windows (SPSS Inc., Chicago, Illinois). The mean values and their standard 
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deviations (±SD) represented the descriptive statistics. Chi-square test compared the 

tabulated results; its Yates correction was necessary for 2×2 tables. A p value less 

than 0.05 represented a statistically significant result. 

RESULTS: 

Analysis of the study results is presented in tables 1 and 2. 

In this study, we treated 254 patients with post-traumatic composite bone and soft 

tissue loss (TCBSTL) of the leg and ankle. Their ages ranged from 12 to 64 years 

(mean 35 ± 13). There were 226 (89%) males. There was previous surgical treatment 

using different techniques for bone and soft tissue reconstruction in 27 cases (10.6%). 

The number of procedures per case ranged from one to five (mean 3.6 ± 1). Active 

infection was present in 109 cases (42.9%); out of these cases: 34 patients (13.4%) 

had retained hardware, infected open fracture in 45 cases (17.7%) and infected 

nonunion after previous surgery but no retained hardware in 30 cases (11.8%).  

According to this study classification, 110 cases (43%) were type A [ten cases (4%) 

subtype A1 and 100 cases (39%) subtype A2]. After debridement of infection, in 

subtype A2, five cases downgraded to subtype A1 (not infected and stable) and 95 

cases upgraded to subtype B1 (not infected and unstable). In type B there were 144 

cases (57%) [40 cases (16%) subtype B1 and 104 cases (41%) subtype B2]. In the 

subtype B2, there were 20 cases (8%) in the Group 1 (unstable and infected without 

medullary contamination) and 84 cases (33%) in the Group 2 (unstable and infected 

with medullary contamination). 

We applied Ilizarov external fixator in all cases. Ten cases (4%) had combined 

Masquelet – Ilizarov technique. One hundred seventy five cases (68.9%) had gradual 

distraction–compression (GDC) technique; while 79 cases (31.1%) had acute 

shortening and re-lengthening (ASRL) technique. Seventy-two cases (28.3%) had 

autogenous iliac crest bone graft (ICBG).  

Twelve cases (4.7%) had additional soft tissue procedures; (initially six of them had 

local muscle flaps: tibialis anterior fillet in two cases, medial gastrocnemius in three 

cases, and medial hemi-soleus in one case. Later, all of them had split thickness skin 

graft to cover the residual skin defect).  

All cases had a limb lengthening and it ranged from 4 to 11 cm (mean 5.8 ± 1.8).  

Two hundred forty five cases (96.5%) had equalization of their limb length, and 

residual limb length discrepancy (LLD), more than 2.5 cm (mean 2.8 ± 0.1), occurred 

in 42 cases (16.5%). The main reasons for residual LLD were cessation of limb 

lengthening either due to the patient’s intolerance to the procedure or development of 

significant joint contracture.  

All cases (100%) had complete clinical and radiological fracture union. All patients 

completed the follow up that ranged from 24 to 118 months (mean 43.3 ± 23). 
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Frequent superficial pin tract infection occurred in all cases, especially during the 

phase of distraction. The treatment regimen was daily pin site care and oral 

antibiotics.  

One hundred fourteen cases (44.9%) had revision of the docking site at the end of 

transport to clear out the invaginated skin between the bone ends, to improve contact 

of bone ends or to insert bone graft. No case had a recurrent infection during 

treatment or at follow-up periods.  

Equinus contracture of more than 10° developed in six cases (2.4%). Their 

management was frame extension to the foot and gradual stretching aided by 

percutaneous achilles tenotomy.  

No case had developed vascular injury or ischemia or had a free vascularized bone 

graft. No case had a complication that necessitated amputation.  

The results were satisfactory in 212 cases (83.5%) and unsatisfactory in 42 (16.5%) 

cases due to residual leg length discrepancy, joint stiffness, and persistent pain.  

The results were significantly better among: type A injury cases (P = 0.006); male 

gender (P = 0.001); younger age groups (P =0.001); patients without active infection 

(P = 0.001); patients with less reconstructive procedures numbers (P =0.002); and in 

absence of docking sites revision (P =0.003). There was no significant difference 

between the two used Ilizarov techniques (ASRL and GDC) (P = 0.105) as shown in 

table (2). 

DISCUSSION: 

In limb reconstruction, the management of deep infection is of prime importance then 

comes the bone stability which is considered as the foundation of any reconstructive 

approach (11 – 14). Integrity of the soft tissue envelope is essential for a successful 

limb reconstruction (15 – 16).  

Several reconstruction techniques have been proposed to treat TCBSTL (10, 15, 16). 

None suites all cases' scenarios. each technique has its place, indications, pros and 

cons. 

In orthopaedic trauma surgery, the tissue defects are greatly variable and a 

classification system should therefore be able to reflect the special types of defects. 

As different reconstructive strategy may be required in every case scenario. 

Several authors have recommended prior restoration of the envelope of the soft tissues 

as an essential step even if segmental bone transport is being contemplated (15, 16). 

When conceived as an advancement of osteomyocutaneous flap, bone transport can 

bridge composite bone and soft tissue defects simultaneously without prior soft tissue 

reconstructive procedures (9). 
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Hybridization of the procedures is an appealing approach to combine the benefits of 

different techniques. The distraction gap of a bone segment can, for example, be 

prepared using an induced-membrane technique, then bone transport is performed in 

the induced membrane chamber. 

Acute limb-shortening and Re-lengthening is valuable for bone loss up to 6 cm. 

Segmental bone transport is the only technique that can treat bone defects associated 

with shortening in the lower limb (10).  

For substantial bone loss beyond ten cm, segmental bone transport necessitates a 

prolonged external fixator time, hence, another reconstructive approach, like 

vascularized fibular graft, may be more appropriate (9). 

A clinical algorithm (flow chart) is a text format that is especially suited for 

representing a sequence of clinical decisions, for teaching clinical decision making, 

and for guiding patient care (17). 

An English literature review, for classifications for composite defects involving bone 

and soft tissue loss, revealed a classification system proposed by Swartz and Mears 

for lower extremity defects to help define the role of free-tissue transfers: group 1, 

soft tissue defects; group 2, soft-tissue and bone loss less than 8 cm; group 3, massive 

soft-tissue and bone loss greater than 8 cm; and group 4, bone defect only. Each group 

was further divided into clean (A) and infected (B) wounds (18). Despite having a 

sound concept, their classification was designed to serve a narrow spectrum of tissue 

defects using a single surgical approach. This shortcoming, in our opinion, renders 

their classification lacks both internal and external validity because the results of their 

trial may not apply to patients who differ from their study population and, 

consequently, could lead to low adoption of the treatment tested in their trial by other 

surgeons. 

External validity can be increased by using broad inclusion criteria that result in a 

study population that more closely resembles real-life patients, and, in the case of 

clinical trials, by choosing interventions that are feasible to apply (19).  

Our classification system and treatment-algorithm were devised in a manner to 

include most scenarios of composite bone and soft tissue loss of the leg whether 

infected or not. Because surgeons' experience and training are variable, the algorithm 

provides the treating surgeon with different choices of surgical approaches for the 

same case scenario. This gives our classification and treatment-algorithm the ability to 

generate reliable generalizations to its target population (applicability) (20).  

To ensure the best possible validity of our results; our study data-collection, 

tabulation and statistical analysis were performed by the second author (MAA) who 

was not involved in the surgical treatment of the study cases at any phase. On the 

other hand external validity of the current study is possible only when other centers 
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adopt the same classification system and treatment algorithm and obtain results 

comparable to ours, then an external validation analysis could be performed (21).  

Our classification system is based on the main determinants of limb reconstruction, 

namely; bone stability, presence of infection and size of bone defect.  

The present proposed classification system for TCBSTL is concise, clearly indicates 

most encountered reconstruction  situations and should be easy to use clinically. The 

two major parameters used in the classification system (bony stability and deep 

infection)  are familiar to surgeons and could be easily evaluated preoperatively. In 

addition, it is easy to record types of tissue defects, after debridement, using this 

classification system. 

Our approach is based on staged reconstruction, where infection is dealt with in the 

first stage then according to bone stability the second stage is planned. In types A2 

(infected and stable fracture) if the host bone remained stable after debridement of 

infection, then it is downgraded to type A1 (not infected and stable) and managed 

consequently by soft tissue reconstruction according to the reconstruction ladder. In 

types A2 after debridement if stability of the host bone is lost then the case is 

upgraded as type B1 (not infected and unstable) and the management will proceed 

according to the algorithm depending on the bone defect-size. In types B2 where a 

medullary infection is expected (in cases of infected intramedullary fixation and 

severely infected open fracture or plate fixation), then a staged approach according to 

our protocol [Tanta University Integrated Protocol (TUIP)] is adopted to avoid 

infection of a bone transport osteotomy through a contaminated medullary cavity (14).  

The present classification and algorithm accommodate different reconstructive 

approaches dictated by the size of tissue defect, presence of deep infection and 

surgeon's experience. Our integrated protocol (TUIP) employs different tools to 

prepare the limb for reconstruction in a staged manner whether by Ilizarov bone 

transport or using free and local tissue transfer (14).  

The statistically significant finding between the study classification types and the final 

functional results confirmed the prognostic validity of our classification in addition to 

its importance in the strategic surgical plan for these difficult cases. In addition, the 

significant effect of initial active infection on the clinical outcome validates the 

importance of control of that infection before any bony reconstructive procedures. 

The limitations of the present study are mainly its retrospective nature and it is a 

single center series. However, the study and its proposed classification originated 

from the cumulative limb reconstruction experience for 254 cases along 17 years. 

In summary, an accurate evaluation of TCBSTL is necessary to guide limb 

reconstruction. The present retrospective study proposed a novel classification system 

for the evaluation of TCBSTL, and confirmed that it was simple and clinically 

practical. 
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El-Rosasy Classification of  

Traumatic Composite Bone & Soft Tissue Loss (TCBSTL) 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

Type A 

Stable host bone 

(soft tissue loss with consolidated 
bone or a well-fixed fracture) 

Type B 

Unstable host bone 

(soft tissue loss with unstable fracture  

or bone loss) 

Subtype A2 

Infected Fx. site 

Subtype A1 

Not infected 

Subtype B1 

No deep infection 

 Group 1: bone 

defect < 3 cm. 

 Group 2: bone 

defect 3 – 6 cm. 

 Group 3: bone 

defect > 6 cm. 

Subtype B2 

With deep infection 

 Group 1:  no 

contamination of 

medullary cavity  

 Group 2: contaminated 

medullary cavity  

  

 

Interpretation: 

Type A1 indicates stable host bone, and no deep infection. 

Type A2 stable host bone, with deep infection. 

Type B1.1 unstable host bone, no deep infection and bone defect < 3 cm. 

Type B1.2 unstable host bone, no deep infection and bone defect 3 - 6 cm. 

Type B1.3 unstable host bone, no deep infection and bone defect > 6 cm. 

Type B2.1 unstable host bone, and no medullary contamination. 

Type B2.2 unstable host bone, with medullary contamination. 

 

Figure 1: El-Rosasy classification of traumatic composite bone and soft tissue loss of the leg and ankle 

(TCBSTL) 
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Algorithm & decision-making for management of  

Traumatic Composite Bone & Soft Tissue Loss (TCBSTL) 

 

 

 

 

 

 

 

Figure 2: Algorithm & decision-making for management of Traumatic Composite 

Bone & Soft Tissue Loss (TCBSTL). 

 

 

 

 

 

 

 

 

Type A 

Stable host bone 

(soft tissue loss with consolidated 
bone or a well-fixed fracture) 

Type B 

Unstable host bone 

(soft tissue loss with unstable fracture  

or bone loss) 

Subtype A2 

Infected Fx. site 

Subtype A1 

Not infected 

Subtype B1 

No deep infection 

 Group 1: bone 

defect < 3 cm. 

AS + BG + ST cover + fixation 

 Group 2: bone 

defect 3 – 6 cm. 

AS/BT ± BG + Ex. Fix. 

 Group 3: bone 

defect > 6 cm. 

BT ± BG + Ex. Fix. 

VF ± STG ± BG + Int. Fix. /Ex. 

Fix. 

 

Subtype B2 

With deep infection 

 Group 1:  no 

contamination of 

medullary cavity. 

BT ± BG + Ex. Fix. 

 Group 2: contaminated 

medullary cavity. 

Staged combined approaches: 

a) Masquelet – Ilizarov BT 

 Vs. 

b) Masquelet – Orthoplastic  

Orthoplastic soft 

tissue coverage 

follow 

reconstructive 

ladder 

Debridement  

Stable  

host  

bone 

Unstable  

host  

bone  
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Legend of figures 1 - 9 

 

Figure 1: El-Rosasy classification of traumatic composite bone and soft tissue loss of 

the leg and ankle (TCBSTL). 

Figure 2: Algorithm & decision-making for management of Traumatic Composite 

Bone & Soft Tissue Loss (TCBSTL). 

Figure 3: Type A1 = Stable host bone and no deep infection. The treatment is shaving 

of exposed bone and soft tissue coverage using local flap. 

Figure 4: Type A2  = Stable host bone with deep infection. The treatment is 

extraction of implant and debridement of infection. Simple soft tissue repair was 

aided by negative pressure wound therapy. 

Figure 5: Type B1.1  = Unstable host bone,  no deep infection and bone defect < 3 

cm. Treatment is acute shortening, iliac crest bone graft and Ilizarov external fixator 

augmented by intramedullary flexible nails due to osteoporotic bones. 

Figure 6: Type B1.2  = Unstable host bone,  no deep infection and bone defect  3 – 6 

cm. Treatment is Ilizarov Bone and soft tissue transport. 

Figure 7: Type B2.1  = Unstable host bone,  deep infection and no medullary 

contamination. Treatment is debridement, acute shortening and re-lengthening 

using Ilizarov frame. 

Figure 8: Type B2.2  = Unstable host bone,  deep infection with medullary 

contamination. Treatment is staged Masquelet – Ilizarov technique. 

Figure 9: Type B2.2  = Unstable host bone,  deep infection with medullary 

contamination. Treatment is staged reconstruction. First stage is debridement and 

insertion of antibiotic-cement spacer. The case is downgraded to type B1.3 (unstable 

host bone, no deep infection and bone defect > 10 cm.) ready for bone 

reconstruction. 

 

 

                  


