Bifocal Compression Distraction for
Combined Bone and Soft Tissue Defects in
Post-traumatic Tibial Nonunion

Thesis

Submitted for partial fulfillment of M.D Degree
in "Orthopaedic Surgery"

By
Mohammed Samy Ahmed Sharafeldein
M.B.,B.Ch
M.Sc of Orthopaedic Surgery

Under supervision of

Prof.Dr. Mootaz Fouad Thakeb

Professor of Orthopaedic Surgery
Ain Shams University

Dr. Tamer Abd ElI-Maguid Fayyad

Assistant professor of Orthopaedic Surgery
Ain Shams University

Dr. Mohamed Abd-Elmoniem Elgebeily

Assistant professor of orthopaedic surgery
Ain Shams University

Facuity of Medicine
Ain Shams University
2018




Acknowledgement

First and foremost, praise and thanks are given to Allah who provided

me in his unlimited generosity with the medical Rnowledge, and by his
abundant aid this work_has been done.

I'm deeply indebted to Prof. Dr. Mootaz Fouad Thakeb
Professor of Orthopedic Surgery, Faculty of Medicine Ain Shams University,

who gave me the honor of working under his remarkable supervision and

Sfruitful guidance that maRes me really fortunate and who was Rind to offer me
much of his valuable time.

I would also like to express my sincere gratitude and deep appreciation to

Dr. Tamer Abd El-Maguid Fayyad, Assistant professor of Orthopedic
Surgery, Faculty of Medicine Ain Shams University, for his Rind guidance, his

valuable notes that sharpened this work, and for his sincere efforts in revising

and polishing this thesis.

I would like also to express my deep obligation to Dr. Mohamed

Abd~Elmoniem El?ge5ezl_'y, Assistant professor of Orthopedic Surgery,

Faculty of Medicine, Ain Shams University for supervising the whole worR,
reading and criticizing the manuscript. I will never forget his unlimited help,

continuous support and Rind encouragement.

I am indebted to my Wife and my Family for their endless support

and patience.




List of Contents

Title Page
List of AbDreviations ... i
LISt Of FIQUIES ..ot e i
Listof Tables ... IX
INErOdUCTION ... e 1
AIMOfthe STUAY ... 3

Review of Literature
o Chapter 1:

The Anatomic Location for Insertion of Wires and Half-Pins ................ 4
o Chapter 2:

Diagnosis and Classification of Atrophic Nonunion of the Tibia ........... 13
o Chapter 3:

Basic Science and Biological Principles of Distraction ...................... 23
o Chapter 4:

Management of Associated Soft-tissue Defects ................ccooeeiinnn .. 33
o Chapter 5:

Surgical Technique of Bone Transport .............ooviiiiiiiiiiiie e, 36
o Chapter 6:

Surgical Technique of Acute Shortening and Lengthening .................. 54
Patientsand Methods ... 63
RESUILS ..o 78
DISCUSSION ...ttt e et et e e e e e ea 94
Case Presentation ...........coooiuiiininii i 104
Conclusion & SUMMANY ... ... e 128
REFEIENCES ..o 130

Arabic Summary




List of Abbreviations

CBC Complete blood count

CRP C-reactive protein

ESR Erythrocytes sedimentation rate

WBC White blood cell

CT Computed Tomography

MRI Magnetic resonance imaging

RI Radionuclide Imaging

PET Positron Emission Tomography

FDG F18-Fluorodeoxyglucose

FlZ Fibrous Interzone

PMF Primary matrix front

MCF Micro column formation

DO Distraction ontogenesis

QTS Quantitative technetium scintigraphy

QCT Quantitative computer tomography

AP Anteroposterior

ROM Range of motion

RBC Red blood cell

EFI External fixation index

ASAMI A_ssociation for the Study and Application of the Method of
Ilizarov

LLD Leg length discrepancy

RSD Reflex sympathetic dystrophy

EFT External fixation time

RTA Road traffic accident

IMN Intramedullary nail

BG Bone graft

VFG Vascularized Fibular Graft




List of Figures

Figure _ Page
Title
number number

1 Illustration of the tibia showing its nutrient vascular 5
system

5 Drawing of the tibia showing its periosteal vascular 6
system
Scheme of the tibia representing topographic zones

3 of the shaft with a different degree of dividing the 7
tibial shaft into sections of thirds

4 Cut 1 (Tibial) 8

5 Cut 2 (Tibial) 9

6 Cut 3 (Tibial) 10

7 Cut 4 (Tibial) 10

8 Cut 5 (Tibial) 11

9 Cut 6 (Tibial) 12

10 Anatomic classification of adult osteomyelitis 15

1 Cllassification of nonunions as described by Paley et 17
a

12 (A, B): Combination of x-ray & CT scan of a distal 20
tibial nonunion shows persistence of fracture signs
Indium111-labeled leukocyte imaging clearly

13 shows localization at the site of the nonunion in the 21
left tibia
Five biologically active zones formed in the rat tibia

14 _ _ 25
after ten days of distraction
Histological preparations were made by biopsy and

15 by bone sectioning in the coronal and transverse 27
planes.
Cellular changes during distraction osteogenesis of

16 the tibia of 2cms in a rabbit model of DO using 28
modified uniplanar fixator (trichrome staining)
Illustration of the reconstructive ladder for

17 management of soft tissue defects 34




@ List of figures

18

Preconstructed frame, assembled as the limb was
being prepped and draped

36

19

Classic bone transport: the defect is filled by the
gradual delivery of a segment of bone created
through an osteotomy at a different level. The
meeting of the margins of the resected portion
becomes the docking site.

41

20

Interposed tissue at the docking site:
fibrocartilaginous tissue caps the ends of bone at the
docking site, sometimes with invagination of skin
and subdermal tissues

42

21

The accordion technique: wire deflection when
applying compression

43

22

The accordion technique: wire deflection when
distracting

43

23

Algorithm for docking sites management

45

24

With segmental bone transport, the pins travel long
distances on skin surfaces and the skin breaks down
which raises pin tract infection possibility

47

25

Prophylactic tilt of the proximal tibial ring The
fixation is more proximal on the medial side than on
the lateral side and more proximal anteriorly than
posteriorly

50

26

(A, B and C): Drawings of the tibia and the fixator

51

27

Photograph of a leg demonstrating skin inversion
during segmental bone transport

52

28

(A) Infected nonunion of the tibia; (B) bone defect
following debridement and resection of infected
atrophic ends; (C) acute compression to close the
defect; (D) distraction osteogenesis at corticotomy
site

57

29

Diagrams showing (A) the normal Z-plasty used to
lengthen distance between A and B at the expense
of length between C and D and (B) the Z-plasty

technique used to shorten distance between A & B.

S8




@ List of figures

Diagrams showing a) the usual incision and b) after

30 : 59
shortening
Diagram showing the skin incisions, the exposure

31 which they produce and the options for wound 59
closure
Diagram showing the Z-plasty design used to

32 . S . : : 60
incorporate excision of sinuses or diseased skin
Diagrams showing the skin incisions used to extend

33 the wound when the degree of skin loss is similar in 60
size to the bone defect

34 Diagram showing percentage of the patient's age 64

35 Diagram showing the percentage of nonunion site. 64

36 Diagram showing the percentage of initial mode of 65
injury
Diagram showing the number of patients according

37 : o 66
to Gustilo classification.

Diagram showing the different types of soft tissue

38 66
defect.

Diagram showing patients classified according to

39 e 67
Paley classification.

40 Variants of soft tissue defects. (A):adherent scar; -
(B):sinus; (C):old flap.

Intraoperative clinical picture after resection of non-

41 viable bone and obtaining healthy bleeding bone 73
ends. The bony defect was measured as 4cm
(A, B): Intraoperative radiographic pictures

47 showing metaphyseal osteotomy using osteotome 4
after fixation by the frame. Position should be
checked in AP & lateral view.

43 Number of patients with solid union. 79
Clinical picture showing skin sinus. (A): Thorough
debridement and excision, (B): acute shortening for

44 bone defect, (C): wound closure, (D): one month 30

postoperative picture showing complete healing of
wound.




@ List of figures

45

(A): Clinical picture showing skin loss, (B): after
soft tissue covering by muscle flap.

81

46

(A): Clinical picture showing soft tissue coverage
by previous fasciocutaneous flap, (B): flap was
raised preserving its blood supply, (C): flap was
closed, (D): one-month postoperative picture
showing complete healing of wound.

82

47

(A and B): Clinical picture showing the Z-incision
used, (C): incision was closed, (D): one-month
postoperative picture showing complete healing of
wound.

83

48

Line showing the EFI in both groups.

84

49

Graphs showing bony results in two groups
according to ASAMI scoring system.

85

50

Graphs showing functional results in two groups
according to ASAMI scoring system.

85

o1

Diagram showing the percentage of additional
procedures required in acute shortening.

87

52

Diagram showing the percentage of additional
procedures required in bone transport.

87

53

Graph showing the number of cases with ankle
stiffness

88

54

Radiologic picture of case 8 showing over
distraction at corticotomy site due to patient
incompliance and missed follow up visit.

89

55

(A): Radiologic picture of case 1 during bone
transport for bony defect of 13 cm, (B): CT
scanogram with shortening of 4 cm.

90

56

(A): Clinical picture showing invagination of skin at
the proximal docking site in case 2, (B): Clinical
picture of healed skin one month after excision of
invaginated skin and closure.

91

S7

Clinical and radiologic pictures of nonunited
fracture right tibia in external fixator with soft
tissue loss.

105




@ List of figures

58

(A): Clinical pictures of soft tissue loss after
thorough debridement. (B): after flap was
performed.

106

59

Plain radiograph of right tibia AP & lateral view 2
weeks postoperative shows osteotomy site at
proximal tibial metaphysis.

106

60

Plain radiograph of right tibia AP & lateral view 4
months postoperative shows successful docking at
distal tibia

107

61

Plain radiograph AP & lateral view shows the end
of consolidation phase proximally, and united
docking site without bone graft distally.

107

62

Final plain radiograph AP & lateral view after
removal of ilizarov

108

63

Clinical picture shows healing of soft tissue with
excellent functional outcome

109

64

(A): Preoperative plain radiograph of right tibia
shows initial injury with gunshot. (B): Plain
radiographs of temporary external fixator.

110

65

Plain radiograph of right tibia AP & lateral
immediate postoperative shows distal tibial
osteotomy for bone transport.

111

66

Plain radiograph right tibia AP & lateral view 4
months postoperative shows successful docking at
proximal tibia.

111

67

Plain radiograph AP & lateral view shows the end
of consolidation phase distally, and united docking
site without bone graft proximally.

112

68

Final plain radiograph AP & lateral view after
removal of ilizarov

112

69

Clinical picture shows healing of soft tissue with
excellent functional outcome

113

70

Preoperative plain radiograph of left tibia shows a
nonunited fracture left tibia after removal of
external fixator.

114

Vi




@ List of figures

71

Preoperative clinical picture of left leg shows the
old soleus muscle flap and skin grafting performed
to cover the soft tissue defect

115

72

Intraoperative clinical picture of left leg shows the
old muscle flap was raised preserving its blood
supply, then closed after necrotic bone resection

115

73

Plain radiograph of left tibia AP & lateral
Immediate postoperative radiograph shows acute
shortening at nonunion site and proximal osteotomy
for gradual lengthening.

116

74

Plain radiograph of left tibia AP & lateral view 2
months postoperative at the end of lengthening after
equal leg length was achieved.

116

75

Plain radiograph of left tibia AP & lateral view 7
months postoperative shows the consolidation of
the proximal regenerate.

117

76

Final plain radiograph AP & lateral view after
removal of ilizarov

117

77

Clinical picture shows healing of soft tissue with
excellent functional outcome.

118

78

Preoperative plain radiograph of left tibia shows a
nonunited fracture left tibia after removal of
ilizarov.

119

79

Preoperative clinical picture of left leg shows the
healed flap performed to cover the soft tissue
defect.

120

80

Plain radiograph of left tibia AP & lateral
immediate postoperative radiograph shows acute
shortening at nonunion site and proximal osteotomy
for gradual lengthening.

120

81

Plain radiograph of right tibia AP & lateral view 2
months postoperative showing the end of
lengthening after equal leg length was achieved.

121

82

Plain radiograph of right tibia AP & lateral view 7
months postoperative showing the consolidation of
the proximal regenerate.

121

vii




@ List of figures

Final plain radiograph AP & lateral view after

83 . 122
removal of ilizarov.

84 !:l_nal plain radiograph AP & lateral view of ankle 122
joint.
Clinical picture shows healing of soft tissue with

85 : 123
excellent functional outcome.
Preoperative plain radiograph of left tibia shows a

86 nonunited fracture left tibia with external fixation 7 124
months ago
Preoperative clinical picture of left leg fixed by

87 ) ) .. 125
external fixator with skin sinus.
Plain radiograph of left tibia AP & lateral view 7

88 weeks postoperative shows bone transport from 125
proximal to distal.

89 Plain radiograph of left tibia AP & lateral view 2.5 126
months postoperative.
Clinical picture of left leg during bone transport by

90 ilizarov showed superficial skin infection managed 126
by systemic antibiotics and local wound care.
Plain radiograph of left tibia AP & lateral view 4

91 months postoperative shows successful docking at 127
distal tibia.
Final plain radiograph AP & lateral view after

92 . 127
removal of ilizarov.
Clinical picture shows healing of soft tissue with

93 128

excellent functional outcome.

viii




List of Tables

Table Title Page
number number
1 Options for the Lower Extremity Reconstruction 35
, ASAMI scoring system for evaluation of the bone -
results

3 ASAMI scoring system for evaluation of the 27
functional results

4 Required additional procedures 86

. Comparison of bony results of bone transport with 100
those in literature

5 Comparison of functional results of bone transport 100

with those in literature




Abstract

A soft tissue defect is one of the most challenging problems that may
accompany tibial nonunion with bone defects. Forty patients with composite
bone and soft tissue defects in post-traumatic tibial nonunion were managed
by ilizarov distraction osteogenesis techniques between 2010 and 2015 by

the senior author.

In this prospective, one-center study we compared two techniques of
distraction osteogenesis; 20 patients treated using segmental bone transport
technique and 20 patients were treated using acute compression and
distraction technique. The mean age of the patients was 33.7 years (18 to 58)
and the mean bone gap after resection and debridement was 3.6 cm in acute
shortening (group 1) and 6.9 c¢cm in bone transport (group Il). The mean

follow-up was 20 months (12 to 32).

At latest follow-up, functional and radiographic results were
evaluated. There was no difference on ASAMI scoring system regarding
bony (p=0.64) and functional (p=0.73) results between two techniques, and
in the total number of complication (p=0.19). Mean external fixator index
was lower in the acute shortening group compared to bone transport group
(p=0.03). The bone transport group required additional bone grafting in four

patients (20%) prior to union compared to one (5%) in the acute shortening

group.

Keywords

Bone loss; Non-union; Tibial; External fixation; llizarov; Bone transport;

Acute shortening; Distraction osteogenesis; Docking site.




Introduction

Non-union of long bones with segmental defect is a major problem. It
usually follows high energy trauma leading to open fractures with soft
tissue damage and may be further complicated by infection. Segmental
bone loss may be due to initial injury, secondary to debridement or
produced by post-traumatic osteomyelitis that needs resection of the

necrotic bone segment for treatment ),

High-energy tibial fractures often present with a soft-tissue defect,
owing to the subcutaneous situation of the tibia, even closed fractures may
result in soft-tissue problems. Soft-tissue defects often cannot be closed.
They often require some form of coverage, for which different types of
rotation or free microvascular flaps have been described. These flaps
usually result in good coverage of the defect but have the disadvantage of
donor-site morbidity .

Several different surgical treatment options have been proposed,
including bone grafting, free tissue transfer, antibiotic cement, and Ilizarov
methods. There are some limitations in bone grafting, such as the size of
bone defects, donor site morbidity, and extended graft incorporation time.
Although free tissue transfer is suitable for the treatment of large bone and
soft tissue loss, it is a technically demanding surgery, and it is usually
associated with stress fractures and nonunion ©,

llizarov methods can overcome all these difficulties and address
coexisting problems simultaneously. Progressive bone histogenesis
following corticotomy and bone transport help in filling bone gaps
eradicating infection and promoting fracture union ®). Radical debridement

is the key step to control bone infection ),




@ Introduction

Distraction osteogenesis is a process capable of generating viable
osseous tissue by gradual separation of osteotomized bone edges.

This technique was originally described by llizarov in Russia ©.
Osteotomy is made in one of the major fragment. Slow gradual transport of
the middle fragment at a rate of 1 mm per day is started after 7 days. This
slow distraction causes recruitment of progenitor cells from the endosteum
at the osteotomy site @,

Various difficulties are encountered like axial deviation, deformities,
anatomical malalignment, soft tissue invasion at docking site , prolonged
fixator time, pin tract sepsis, longer hospital stay and associated
psychological problems ©,

An alternative technique for Posttraumatic segmental bone defects
(PTSBDs) involves acute limb shortening with subsequent lengthening of
the limb. This technique has the theoretic advantage of faster healing of the
traumatic fracture because it does not require waiting until docking is
achieved to begin healing. Another advantage is that shortening assists with
the closure of soft-tissue defects. However, acute shortening of large
defects may cause soft-tissue redundancy and swelling (.

Bifocal compression-distraction osteogenesis using an external

circular fixator is a safe and successful method in selected cases ©.
This is called bifocal because there are two segments with activity. One
segment (the defect) is undergoing compression/shortening, and one
segment (the bony regenerate) is undergoing distraction/lengthening to
maintain the length of the limb ©®. The technique allows for union together
with realignment, reorientation, and normal leg length of the extremity ©.




