NS NS NS NS NS N TN NS N N NS N N N N N N N N AN AN X

=X

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

@ ASUNET

MONA MAGHRABY
AN AN AN NS NE AN NEENES

SN NN N NN NN NN AN N NN/

N AN AN A AN AN A AN AN NN NN EAEEANEENEAE N

=




=X

Y7
12

SN NN N NN NN NN AN N NN/

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

i el
@ ASUNET

4 '

5
*

* &

U

by edead]
he S

Ll

ds2
ol
.

€
MONA MAGHRABY

BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

oA DEAD DA ADEEADEDEAE AN EADE=

PR AR A A A A A A A A



BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

=X

il o ==
@ ASUNET

et | i ekl | S
(O el 1§ w3 G ol

PORICE

b

*

b ey

2al) Gal j3Y) sla Jadad

* ® o0

A Balal) ¢ alial) 4l
b 9 i 38 daadall ol BY) ol o

s

19 ol § bl d| ot el
(o=t

»

@ ASUNET
N]
Loy daa

(ol
it

il §
9
4y

»

okl e
o

<

MONA MAGHRABY
AN AN AN NS NE AN NEENES

SN NN N NN NN NN AN N NN/

PR AR A A A A A A A A

=




Intramedullary Distraction Devices
for Lower Limb Lengthening

A Systematic Review and Meta-analysis for Partial
Fulfillment of Master Degree in Orthopedic Surgery

By

Mohamed Mahmoud ElI Nowihy
M.B,B.Ch, Faculty of Medicine -Ain Shams University

{Under Supervision of
Prof. Dr. Salah Abd Elgawad Abou-Seif

Professor of Orthopaedic Surgery
Faculty of Medicine - Ain Shams University

Dr. Mostafa Mohamed Baraka

Lecturer of Orthopaedic Surgery
Faculty of Medicine - Ain Shams University

Faculty of Medicine
Ain Shams University
2021






Acknowledgment

I wish to express my deepest thanks, gratitude and

appreciation to Prof. Dr. Salah Abd El Gawad Abou-

Sezﬁ Professor of Orthopedic Surgery Faculty of Medicine, Ain
Shams University, for his meticulous supervision, Rind guidance,
valuable instructions and generous help.

Special thanks are due to @l'qf Dr. Mostaﬁz Barakg,
lecturer of Orthopedic Surgery, Faculty of Medicine, Ain Shams

University, for his meticulous supervision, sincere efforts, fruitful

encouragement and generous help.

I am deeply thankful to mvy father, my mother, my

'anfe, and My ﬁzmzljr for their great help, outstanding support
and encouragement in my life.

Finally, many thanks to all the staff members of the
Orthopedic Department in Faculty of Medicine, Ain-Shams

University for their help and assistance during this worR,



Title Page No.

List of ADDreviations .....ccccccccccscsssssssssssssssssssssssssssssssssssssssssssssses i
| 55T /03 2 o) TN ii
List Of FigUres ...cccccceersssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssee iii
INtroduction ......ccccccceennneeeeccccccceennnssssessssssccessssssssssssssssssssssssssees 1
Aim Of the WOrkK ......eeecececiiieennnnneeecccccceeennssssssssssssscsssssssssssssses 3
Review of Literature 4
Distraction 0Ste0genesis........cccceeviiiiiiiiiiiiiieeeeiicee e 4

Intramedullary distraction devices for lower limb

lengthening ... 10
I ALBIZZIA Nail.....coooiiiiiieiiiiiieeeee et 12

IT. ISKD Nail ..o e 16

III. PRECICE Nail ...cccooiiiiiiiiiiiiiieiieeeee e 20

IV. Fitbone Technique.........ccccccoevviiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeee, 24
Material and Methods 27
RESUILS ccennnnnnnnniiecccsiccsnnnnnnnniecccsssssennsssssneessssssssnnsssssssssssssssssnes 36
DiSCUSSION ..cceereressssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssse 51
SUMMATY «eeceeieeennnneesencssccecessssssssssssssssssssssssssssssssssssssssssssssssssssses 67
Conclusion and Recommendations..........ccceeecceennnneeeeeeccccees 70
RefErenCeS..ueiiiiccccsiccccnnnnnnneccccsssssnnsssssssesssssssssssssssssssssssssssses 71

ArabiC SUMMATY c.eeeeeeiiiccccssssssssssnccccssssssssssssssssssssssssssssssssssssss —



List of Aldreviations

Abb. Full term

CT Computed tomography

DO Distraction osteogenesis

ERC......ccceeevennnnee External Remote Controller
FDA......cccoeeeeeeene Food and Drug Authority
FIN....ccccceeeeecnnnnns Flexible intramedullary nail

IMN. ...cccoeeeeeeeennnns Intramedullary nail

ISKD ....ccoeevennnene Intramedullary Skeletal Kinetic Distractor
LATN ..cccovevecnnene Lengthening and then nailing
MLDFA.............. Mechanical lateral distal femoral angle

| ) Y ) DO Limb length discrepancy

LON.....cccceeeeennnnes Lengthening over a nail

MPTA....cccceeeeeeeen Medial proximal tibial angle

MRI ...ccoeeeeeeeeeenees Magnetic resonance imaging
NCBI.................. National Center for Biotechnology
Information

NLM...ccceeeennnnnnnee National Library of Medicine
PACS.....ccceeveunnnee Picture archiving and communications system
RCT.....cccceeeueuneeee Randomized controlled trial

SD Standard deviation

¥2 Chi-square




Table No.

List of Gables

Table (1):

Table (2):

Table (3):

Table (4):

Table (5):

Table (6):

Table (7):

Table (8):

Table (9):

Table (10):

Table (11):

Table (12):

Table (13):

Title Page No.
Demographic data of the studied aricles for
PRECICE nail. .....c.coooiiiiiiiiieieeeeeiiieeeeee e 37
Demographic data of the studied aricles for
FITBONE nail. .....cccoooiiiiiiiiieeeeeeeeiiieeeeee e 38
Demographic data of the studied articles for
ALBIZZA nail. ........ooooiiiiiiiiiiiieeeeeeeeeeieeeeeenn 39
Demographic data of the studied articles for
ISKD nail...cccooeeeeieeeieeeeeeeceececeeeeeeeeeeeeeeeeeeeeeeeee e 40
Comparison of follow-up period (months) for
different devices. .....cooeeeeeeeeieeieeieieeeeeeeeeeeeeeeeeeee, 42
Mean intramedullary nailing site of
different devices used........ccoeeeeeeeeeeeeeieeeeeeeeeeeeen, 43

Mean preoperative limb length discrepancy
(LLD) in the studied articles according to
lengthening device used............cceeeeeeeeeeeeeeeeeenennnn. 44

Mean postoperative length achieved (cm) in

the studied articles according to
lengthening device used............ccceeeeeeeeeeeeeeeeenennnn. 45
Mean distraction period (days) in the
studied literatures according to each
lengthening device used..............cccceeeeeeeeeeeeeeenn.... 46
Mean distraction index (mm/day) in the
studied articles according to each
lengthening device used.........cccoeeeeveeeiiviiiiinenennn.n. 47

Mean bone healing period (days) in the
studied articles according to each
lengthening device used.............cceeeeeeeeeeeeeeeeenennnn. 48

Mean healing index (day/cm) in the studied
articles according to each lengthening
device USEd.......cciviiiiiiriiiiiiiiieeee e 49
Complications of devices in the studied
articles. .o 50



Fig.

Fig.
Fig.

Fig.

Fig.
Fig.

Fig.
Fig.

Fig.

Fig.

Fig.
Fig.

No.

(1):
(2):

3):

(4):
5):

(6):
7):

(8):

9):

(10):
(11):

Title Page No.

The nail used in the Albizzia technique............... 12

Ratcheting maneuvers in internal (A) and
then external (B) rotation of the thigh.
Fifteen back-and forth ratchetings provide a
1-mm gain in length.............cccooi 14

Radiographs of a fourteen-year-old girl
before (Left), during (middle), and one year
after (Right) a 5-cm femoral lengthening

with the Albizzia technique..........ccccoevvveveeeeenenn.n. 15
The ISKD for posttraumatic femoral length
dISCTEPANCIES. ..ovvvvriieeeeeeeeeeeiiiceee e e e e e eeeeeree e 17
The ISKD nails are activated by manual
LHmb rotation.........ccccceeiieeecciiiiiieieeeeeeeeeen 17
A patient treated with the ISKD.......................... 18

Knee subluxation in a patient undergoing
internal femoral lengthening for congenital
femoral deficiency. ........cccccoeeveiiiiiiiiiiiiieeee 19

A: The PRECICE mechanism has a spindled
magnet attached to gear boxes which rotate
against the distraction rod. B: The
integrated magnet visible.........cccccceiiiiiiiii. 21

Distraction of the nail the external remote
controller unit is applied on the skin
marking corresponding to the location of the
internal nail magnet............ccccccoiiiiiiiiiiniiininnnn. 21

Clinical case shows normal healing ..................... 22

A: Schematic view of the Fitbone system for
lengthening the femur and the tibia. B:
Fitbone with control and transmitter unit. ......... 24



Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

No.

(12):

(13):

(14):

(15):
(16):
a7):
(18):
(19):
(20):
(21):

(22):

Title Page No.

The Fitbone is available in a straight
version for the femur and with a bending for
the tibia. ..o, 25

Preoperative, immediate postoperative X-
rays as well as at the end of distraction and
at 2 years of follow-up for one patient who
underwent lengthening for 50 mm post-
traumatic length discrepancy...........cccceeeeeeeeeennnns 26

PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-analysis) flow
diagram for study selection. ..........ccceeeeeeeeeeeeennnnn. 30

Diagrammatic illustration of the excluded
and included articles........cccooouueeeiiiiiiiiiiiieeeeeenen, 36

Mean age distribution in different devices

used by articles. ........cccovvviiiiiiiie e 41
Comparison of different follow-up periods
after each device. .........ccoeeeeeeeiiiieiieeeeeeee 42
Mean IMN site of different devices used by
ATEICIES. coeeeeeeeeeeeeeeeeeeeeeeen 43

Comparison of preoperative LLD of each
lengthening device. ...........ccceeeeeiiiiiiiiiiiiiieee e, 44

Comparison of length gained of each device
postoperatively. .........ccccciieieeeeiiiiiicceeeee e 45

Comparison of distraction period (days) of
each device. .........uvieiiiiiiiiiicee e, 46

Comparison of distraction index (mm/days)
of each device. .........ceeivviiiiiiiiiiiiiiiiieecceeee 47



Fig. No.
Fig. (23):

Fig. (24):

Title Page No.

Comparison of bone healing periods (days)
for each device. .........cooovviiiiiiiiiiiiccceee e, 48

Comparison of healing index (day/cm) of
€aCh devViCe. ......uvviiiiiiiiiiiiiiiieee e 49



CIntroduction &

INTRODUCTION

Limb lengthening procedures have been of great interest
to orthopedic surgeons since the early 20" century, when Italian
surgeon Alessandro Codivilla published a paper detailing the
use of Codivilla’s nail to accomplish lower limb lengthening .
Over the course of the next century, a greater understanding of
the physiology of the bone has led to major advances in the
techniques and devices used for limb lengthening @.

There is currently a wide selection of limb lengthening
techniques and appliances for orthopedic surgeons to utilize in
their practice. These include monolateral external fixation,
external ring fixation (e.g., llizarov device), lengthening over
nail, and intramedullary lengthening nails ©.

The intramedullary bone lengthening systems include
mechanical systems (the Albizzia® and intramedullary skeletal
Kinetic distractor, ISKD® nails) and more recently motorized
systems with the Fitbone® (Wittenstein, Igersheim, Germany)
and Precice® (Ellipse Technologies, Irvine, CA, USA) nails. ¥

These devices can be employed to correct both
congenital and acquired problems, including femoral
deficiencies, tibial aplasia, achondroplasia, osteogenesis
imperfecta, Ollier’s disease, post-traumatic growth arrest,
avascular necrosis, congenital femoral deficiency, and fibular
hemimelia, among many others. ©
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Intramedullary nails may offer a solution to some of the
problems associated with external fixation devices, including
soft tissue scarring, muscle tethering, and inflammation and
infection caused by the wires and pins ©. In addition, internal
devices may be more convenient due to their concealed nature
and may provide patients with benefits to their pain and
discomfort. "

Use of mechanical intramedullary implants has reduced
the rate of septic complications and fractures of the lengthening
callus. However, control of the lengthening and the patients’
comfort remain problematic ®. Intramedullary distraction
devices have several reported complications, including over-
lengthening (run-away of the nail), and many devices may need
manipulation under general anesthesia.

Articles are lacking evidence to support the use of a
certain nail design over the other. We conducted this systematic
review to compare between PRECICE nail, Fit bone Nail,
Albizzia Nail and ISKD regarding their safety and efficacy.
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AIM OF THE WORK

The aim of this study is to compare clinical and
radiographic outcomes and complications between different
intramedullary lengthening devices in lower limbs.




