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INTRODUCTION

The distal tibia fractures occurs in around 7 % €ases of lower
extremity fractures, out of them 85% are associatdiu fibular fractures.
The distal tibia fractures occurs by various nagtdms like road traffic
accidents, fall from heights or low energy mechanilike rotational
strain, etc . The amount of swelling, blistersg @apen wounds are taken

into account while managing distal tibia and fibfrkctures.

Despite all measures, treating distal both boretdires of leg
remains as a challenge. The goals of surgery amtai@ng the length
and rotation, correction of sagittal and coromdignment, and quicker

return of functional range of movements of knee amnkle.

Treatment of distal both bone leg fractures inekightramedullary
nailing, hybrid external fixation, plate fixatiom oombining any of these

modalities.

Interlocking nailing of tibial fractures is advantgeous as this
technique allow load sharing , does not disturbteosseous blood
supply, and soft tissues are less damaged and havelatively easy

learning curve.



Intramedullary nailing of distal tibial fracturegith short distal
fragment is associated with malalignment problemigularly in coronal
plane, non union and need for secondary procedorexhieve union
because of muscular forces which result in dapteent of fracture and

instability due to mismatch.

As there is a mismatch between the diameters efntiedullary
canal and the nail, with absent nail-cortex contf#e® nail may sway
laterally along coronally placed locking screws astress is increased
on the locking holes to maintain alignment of frecture after surgery

resulting in failure .

So various techniques have evolved to improveingathe distal
both bone fractures of leg including fibular plati(@istal third fractures),
unicortical plating, different nail design with ffent proximal bends

(proximal third fractures) and blocking screws (pokcrews)



AIM AND OBJECTIVE

To analyse the functional outcome of distal bothébteg fractures
treated with Tibial Interlocking nail with and wdht supplementary

fibular plating

This is a study of patients who presented withadlisoth bone leg
fractures and some of the patients underwent iatdrxation with tibial
interlocking nailing alone and some of the patiemtslerwent internal
fixation with tibial interlocking nailing with supementary fibular plating
in our institute of Orthopaedics and Traumatologiladras Medical

College and Rajiv Gandhi Government general has@taennai.

Post operatively patients were followed up for tuactional
outcome of the distal both bone leg fractures amel tesults were

analysed



REVIEW OF LITERATURE

Evolution of interlocking nailing

Evolution of intramedullary nailirg dates back to 500 years ago,
it was recorded that Aztecs used wooden intramagutails.

In 1916 Kuntscher introduced cannulated nailgifma and femur.
In 1950, Lottes one of the pioneers in tibial magjldeveloped a rigid nail
for tibia.

In 1951 Herzog modified the Kuntscher nail, byiagd proximal
bend to falicitate nail insertion.

“Modney is credited with designing the first intaking nail.

Kuntscher also designed an interlocking nail (Thetedsor nail,
1968) which was then modified by Klemm Schellumntiaily and by
Kempf and Crosse later in 1972".

In 1986 Bone & Johnson were the first to repartniocking nail in
united states. They used Grosse Kempf interlockiigl nail in fractures
of tibial shatft.

Charnley in his text “closed treatment of commuactfures” stated
that he believed the eventual solution to the [isieft fracture would be
a non reamed intramedullary nail.

A fracture zone 5cm below the knee and 5cm abloeeabkle was

required for effective use of interlocking naihd stability provided by



any nail decreases precipitously if the fracturetereds into the

metaphyseal region.

Intramedullary nailing in distal tibial metaphyseal fractures
Intramedullary nailing with locking bolts is widelaccepted as
satisfactory treatment for tibial diaphyseal fraets But there are varied
reviews about the use of this technique for fragun distal metaphysis.
Various supplementary procedure were used byrdifteauthors to
effectively manage the metaphyseal fractures td tath intramedullary

nailing.

Distal tibial metaphyseal fractures
Poller screws

Poller screws which are placed adjacent to thel @ad
perpendicular to the screws holes usually in aerapbsterior direction
can be done as one possible method to improvestakility of
metaphyseal fractures and has been describedemhietion tool used to
over come the displacing forces at the time of omhtiction of
intramedullary nafl

The poller screws functionally decrease the widih the
metaphyseal medulla and are definitely useful witils of smaller

diameter.



In “1994 Krettek et al described the clinical apation of blocking
screws, termed poller screws as a tool for the egrgon of axial
deformities of proximal and distal third fractures tibia during intra
medullary nailing. The same technique has been ueedfemoral
fractures® too.

In 1995 Robinson et al used “percutaneous lardecten forceps
to achieve the alignment and maintain the sameugfivout the nailing
procedure. He also resected the distal few millersedf the standard AO
nail to nail the 4cm length distal metaphyseal rfinagts and used the

distal locking bolts as lag screws through thettraesite®.

Fibular plating

In “1997 Thompson KA et al and Weber TG et al shenv
excellent results when supplemented with fibularaphg®. In 2000
Tyllianaki also found fibular plating as an effectie supplement”

In 2002 Goezyca et al “published their resultsrafdified tibial
nails for the distal metaphyseal fractures”.

“Kenneth A Egol compared the loss of alignment distal
metaphyseal fractures treated with intra medullamying alone. They
had immediate post operative malalignment in tlogeses in those treated
with nailing alone, which were eventually correctied using fibular

plating or poller screws?



“Tyllianakis in his retrospective review of intraghullary nailing in
distal tibial fractures showed excellent result8@%o of patients.In their
study, they fixed the concomitant lateral mallediactures and if not
fixed they used plaster. They noted that patieritis @oncomitant fibular
fractures treated with plasters showed permaneatliegy and stiffness.
They also noted that fixation of fibula helped tmma the tibial fracture
and facilitate nail insertidh

Moscato and his colleagues recommended “fibulating to
ensure overall alignment in supramalleolar fragtutiee lateral malleolar
fractures when associated with the tibial fractwas lead to incongruity
of the ankle joint which may lead to post traumatitritis”.

Robinson et al. showed that “distal metaphyseaitdras of the
tibia with minimal involvement of the ankle can treated successfully
with intramedullary nailing; of 63 patients, all tbfive had satisfactory
clinical outcomes. The authors emphasized that teishnique is
inappropriate for pilon fractures with significaatticular involvement
caused by an axial loading mechani&m”

In “2003 James Kellam stated that fibular platingr poller
screws were effective as supplementary technigquesntramedullary

nailing of distal tibial metaphyseal fractured”



In “2005 Sean E Nork et al compared the resulttho$e treated
with nailing alone and those treated with suppleiasn fibular
plating™*.

In “2006 Kenneth A Egol et al advocated fibulaatplg and
temporary unicortial plating”

In the study conducted by the , “The French Sgcief
Orthopaedics and Traumatology (SOFCOT), done bBdnneviallea, |,

J.-M. Lafosse b, L. Pidhorzc A. Poichotte d, G. Age e, F. Dujardinf in

2010”7, they concluded that

Nailing n=6 N=5 N=1
Plating n=4 N=1 N=3
Fixator n=1 N=1

According to JBJS, 2003 Ap85 (4): 604 608, Anant Kumar, MD
Steven J. Charlebois, PhB. Lyle Cain, MD Richard A. Smith, PhDA.
U. Daniels, PhD John M. Crates, MD, they came to conclusion that
Fibular plate fixation increased the initial rotatal stability after distal

tibial fracture compared with that provided by abiintramedullary

8



nailing alone. However, there was no differenceatational structural
stiffness between the specimens treated with amghowt plate fixation

as applied torque was increas&d”

“In patients with ipsilateral distal t#iand fibular fractures who
are treated with Russell Taylor intramedullary ingil of the tibia,
rotational stability of the tibial fracture can hhecreased by plate and
screw fixation of the fibula, which may reduce thek of valgus

malunion according to JBJS report mentioned abBve”

According to Campbell et al “In an effort to demse the frequency
of delayed union, nonunion, and infection aftenalibshaft fractures,
“percutaneous” plating was developed to obtain Istdixation, while
preserving the fracture environment. This techniquelves plating of
any associated fibular fracture, prebending a 3%-ndynamic
compression plate to match the tibial anatomy, @lading the plate and

screws through small incisior'$”

According to Collinge and Sanders, “current @adions for
percutaneous plating are (1) a tibial shaft fractwith periarticular
metaphyseal comminution that precludes locked nmécullary nailing
and (2) soft-tissue damage of such severity tharahibits the use of

standard incision” . Collinge, Sanders, and DilBat® reported the use



of “percutaneous plating in 14 complex tibial $Hedctures. Five closed
fractures healed uneventfully with no infectionss&m problems. In the
nine open fractures, osteomyelitis developed in, cared superficial
infections developed in three. There were no mahmi They cautioned
that percutaneous plating is technically challegginand that
malalignment is more frequent than with other mdthof fixation.

Clinical experience with this technique remainstiad at this time”.

According to Campbell et al “Intramedullary naginf more distal
fractures is possible, but the ability to maintairmechanically stable
reduction becomes more difficult the farther thecture extends distally.
Their analysis shows that the influence of fibdfactures on maintaining
alignment in 40 distal-fourth tibial fractures tre& with locked
intramedullary nailing. The five tibial fracturesitiv intact fibulas and
four fractures with fibular fixation all healed amatomical alignment. All
11 unfixed fibular fractures located at levels eiféfint from the tibial
fracture were in anatomical alignment, whereas@I®4) of 20 unfixed
fibular fractures occurring at the same level as tibial fracture were
malaligned. This study suggests that internal imxatof some fibular
fractures improves stability in distal-fourth tibifractures treated with

intramedullary nailing*”
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“Two distal locking screws are required to preveeturvatum
deformity from rotation around a single distal loak screw. The tip of
the nail is cut off if necessary to allow placemehtwo distal screws.
Cancellous lag screws are used to stabilize med@lposterior malleolar
fractures. Open reduction is done if there is antiaular displacement.
The fibula is plated only if necessary for the 8itybof the ankle joint, or

if it is severely displaced”

As advocated by Robinson et al.,, some investigabatieve that
plating same-level fibular fractures helps prevaatalignment in distal

tibial fractures treated with intramedullary nagjin

Fibular plating has been found to be an excelgmplementary
technique to intramedullary interlocking nailing olistal both bone
fractures of leg as it helps in reduction and ahgnt peroperatively and
helps in maintaining fracture alignment till unipreventing loss of initial

reduction.

11



ANATOMY

The bony framework of the leg consists of two borles tibia an
fibula, arranged in parallel.

Thefibula is much smaller than the tibia and is on the lhteide
of the leg. It articulates superiorly with the inée aspect of the lateral
condyle of the proximal tibia, but does not taket pa formation of th
knee joint. The distal end of the fibula is firnrdypchored to the tibia by
fibrous joint and forms the lateral malleolus of #mkle joint".

Thetibia is the weigkbearing bone of the leg and is there
much larger than the fibula. Above, it takes parthe formation of tr
knee joint and below it forms the medial mallecdursl most of the bol
surface for articulation of the leg with the footlae ankle joint.

The leg is divided into anterior (extensor), paste(flexor), ant
lateral (fibular) compartments by:

“an interosseous membrane, which links adjacentepsrdf th

tibia and fibula along most of their length;

two intermuscular septa, which pass between thdafiand dee

fascia surrounding the limb; and

by direct attachment of the deep fascia to theopsgum of th

anterior and medial borders of the tibia”

12



Muscles in the anterior compartmenh leg dorsiflex the ankl
extend the toes, and invert the foot. Muscles engbsterior compartme
plantarflex the ankle, flex the toes, and invee fbot. Muscles in tf
lateral compartment evert the foot. Major nerved aassels supply
pass through each compartment.

Bones
Shaft and distal end of tibia

“The shaft of tibia is triangular in essection and has anteri
interosseous, and medial borders and medial, latarad posterio
surfaces.

the anterior and medial borders, and the entireiahadrface ar

subcutaneous and easily palpable;

the interosseous border of the tibia is connectby, the

Interosseous membrane, along its length to theasseous bord

of the fibula;

the posteriorsurface is marked by an oblique line (the s

line)**,

13



ANTERIOR AND POSTERIOR VIEW

The soleal line descends across tme lfrom the lateral side to

the medial side where it merges with the mediakdborIn addition, a
vertical line descends down the upper part of th&tgyior surface from
the midpoint of the soleal line. It disappearsha tower one-third of the
tibia.

The shaft of the tibia expands at both the uppdrlawer ends to
support the body's weight at the knee and ankiegoi

The posterior surface of the box-like distal endtloé tibia is
marked by a vertical groove, which continues irddyi and medially
onto the posterior surface of the medial malleoltse groove is for the

tendon of the tibialis posterior muscle.

14



The lateral surface of the distal end of the tilsianccupied by
deep triangular notch (tHéular notch), to which the distal head of 1

fibula is anchored by a thickened part of the médseous membrane.

Shaft and distal end of fibula

The fibula is not involved in weightbearing. Théuiar shaft i
therefore much narrower than the shaft oftib@. Also, and except f
the ends, the fibula is enclosed by muséles

The fibula is the lateral and smaller bone of tbg The tip of th
lateral malleolus (distal seven cm of fibula) i5 @m lower than that
medial malleolus.The latal malleolus and the ligaments attached
are very important in maintaining stability at #ekle joint

Like the tibia, “the shaft of the fibulatriangular in crossectior
and has three borders and three surfaces for thehatent ofmuscles
intermuscular septa, and ligaments . The interassborder of the fibu
faces and is attached to the interosseous bordeheoftibia by th
interosseous membranktermuscular septa attach to the anterior

posterior borders. Muscles attach to the threeasas™.

The narrownedial surface faces the anterior compartment of
the lateral surface faces the lateral compartment of leg, and

posterior surface faces the posterior compartment of leg.

15



Theposterior surface is marked by a vertical crmedial crest),
which divides the posterior surface into two pagtech attached to
different deep flexor muscl

The distal end of the fibula expands to form thads-shape
lateral malleolus.

The medial surface of the lateral malleolus bearfaeet fo
articulation with the lateral surface of talus, réfey forming the later
part of the ankle joint. Just superior to thisautar facet is a triangul
area, which fits into te fibular notch on the distal end of the tibia. ¢
the tibia and fibula are he together by the distal end of the inteross

membrane.

Roughened triangular
area that fits into
— fibular groove of tibia

i — Fibular groove
on tibia

Articular surfaces for talus

16



Posteroinferior to the facet for articulation witke talus is a pit «
fossa (themalleolar fossa) for the attachment of the posterior talofib
ligament associated with the ankle jo

The posterior surface of the lateral malleolus iarkad by
shallow groove for the tendons of the fibularisgaa and fibularis brev
muscles.

Joints
I nter osseous membrane of leg

The interosseous membrane of leg is a tough fibsheset
connective tissue that spans the distance betwaengf interosseo
borders of the tibial and fibular she. The collagen fibers desce
obliquely from the interosseous border of the titmathe interosseo
border of the fibula, except superiorly where thera ligamentous bar

which ascends from the tibia to fibu

Fascia over extens

compartment SRR
Extensor hallucis langus
langus ~ Fascia over deap

80 vear dee|
/ flexor compartment

Extansor digitorum _
longus

Intermuscular

septum
Suparficial - Septum over deep
perongal nerve flexor compartment
Fascla over
peraneal . Planta
compartment Landar
Peronei 2 ) \ Fascia over
Intermuscular gt flexor compartment
septum / Tibial
xor
hallugis Sole Gast
ongu P

POSTERIOR
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There are two apertures in the interosseous mempoae at tr
top and the other at the bottom, for vessels ts patween the anter
and posterior compartments of leg.

The interosseous membrane not only links the t#md fibule
togeher, but also provides an increased surface aoganfuscl

attachment.

The distal ends of the fibula and tibia are helgetber by th
inferior aspect of the interosseous membrane, whmdns the narrc
space between the fibular notchtbe lateral surface of the distal ent
the tibia and the corresponding surface on thealdestd of the fibul:
This expanded end of the interosseous membranesindorced b
anterior and posterior tibiofibular ligaments. This firm linking
together ofthe distal ends of the tibia and fibula is essémtigproduc:
the skeletal framework for articulation with thefat the ankle joinf.

Regarding the anatomic axis of tibiag“tibial plafond is oriented
in slight valgus in the frontal plane (2 degrees)d the anatomic axis
passes just medial to midline of the talus. Thealtiplafond is slightly
extended in sagittal plane (approximating 5 to &grdes) and the mid-
diaphyseal line of the tibia passes through therdhiprocess of the talus”

according to Greys anatomy.

18
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LIGAMENTOUS STRUCTURES

Clinical anatomy of the ligamentous attachmenthat ankle joint

helps in better understanding of the displacemeatfi@acture anatomy.

Blood supply

The periosteal vessel and nutrient artery suppties distal
tibia.the nutrient artery originates from the gostr tibial artery at the
origin of the soleus muscle. It enters the postateral cortex of the
tibia. The nutrient artery gives three ascendimgnbhes , one descending

branches and smaller branches for the endosteum.
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G40, Arteries of the ke, leg, snd foot.

—— Popiteal artory
— Circumile: fibndar
arbry
Pt fiblal —————— = ==
- Nar
i artary
~——— Fitmulie {peronsal)
Nutrient artery artery
T Nutrand arey
e Latral madieolar
i beanch of fibuylar
:EM rraaBeoiar —. {peworeal) anery
Calcanseal beanch — T Galicansal branch
— = Lastweral plantar
Modial plantar artery artery
Doep plantar areny T ——— Plantar arterial

Even in trivial injury to the distal tibia fractes this nutrient artery
may be injured. To prevent avascularity, the siigsue envelope should
be preserved in the distal tibia as it is they@uurce of blood supply to
the periostium. The anterior tibial artery is ded from the popliteal
artery and provides periosteal blood supply aldagcourse throughout
the interosseous membrane

Blood supply to the distal tibia become more poymised due to
underlying soft tissue injury in case of distaiial fractures. Hence non
union, poor wound healing, hard ware problems vesi@untered while

doing open reduction and internal fixation withtplasteosynthesis.

20



Ossification

The tibia ossifies from one primary and two se@gatenters. The
primary centers appears in the shaft during thergbvweek of the intra
uterine life. The secondary centers for the upmer &ppears just before
birth and fuses with the shaft at 16-18 years. Oyaer epiphysis usually
includes the tibial tuberosity.

A secondary centre for the lower end appearsglhne first year,
forms the medial malleolus by the seventh yearfasds with the shaft
by the 15-17 years. Separate secondary centers amppgar for the

medial maleolus and tibial tuberosity.

21



Metaphyseal fractures of distal tibia
Definition
Metaphyseal Zone is defined as the area withiquare the sides

of which are the same length as the widest pattebrticular surface.

Classification

1. AO/OTA Classification

According to AO/OTA classification metaphyseal traes of tibia
and fibula in the proximal end is designated asdd. in the distal end as
43.The malleolar segment is an exception is claskifs the fourth
segment of the tibia/fibula (44). Type A is extdicular, Type B is

partial articular type C is complete articular.
AO/OTA Classification of Distal Tibial/fibular Metaphysisis 43
A — Extra articular fracture
Al — Extra articular, Metaphyseal simple
1. Spiral
2. Oblique

3. Transverse

22



A2 - Extra articular fracture, Metaphyseal wedge

1. Posterolateral impaction

2. Anteromedial wedge

3. Extending into the diaphysis

A3 — Extra articular fracture, Metaphyseal complex

1. Three intermediate fragments

2. > 3 intermediate fragments

3. Extending into the diaphysis

B — Partial articular fracture

B1 — Partial articular fracture, Pure split

1. Frontal

2. Sagittal

3. Metaphyseal multifragmentary

B2 — Partial articular fracture, Split depression

1. Frontal

2. Sagittal

3. Of the central fragment

23



B3 — Partial articular fracture, Multifragmantargptession
1. Frontal
2. Sagittal
3. Metaphyseal multifragmentary
C — Complete articular fracture
C1 — Complete articular fracture, Articular simpWéetaphyseal simple
1. Without depression
2. With depression
3. Extending into diaphysis
C 2 — Complete articular, Articular simple Metapbdgbsmultifragmentary

1. With asymmetric impaction
2. With depression
3. Extending into diaphysis
C3 — Complete articular fracture, multifragmentary
1. Epiphyseal
2. Epiphyseo - metaphysis

3. Epiphyseo - metaphyseo — diaphysgal

24



AO/OTA Classification of Distal Tibial Metaphysis

25



2.Gustilo Ander son Classification of compound fractures':

Grade | Clean wound of less than 1 cm in length

Grade Il Wound larger than 1 cm in length withoxteasive soft

tissue damage

Grade llI Wound associated with extensive sofuigsgamage;
usually longer than 5 cm,

Open segmental fracture

Traumatic amputation,

Gunshot injuries

Farmyard injuries,

Fractures associated with vascular repair

Fractures more than 8 hours old

A Adequate periosteal cover
B Presence of significant periosteal stripping
l C Vascular repair required to revascularize leg

3. Taylor and Martin SUD classification of metaphyseal fracturé's

Taylor and martin proposed a classification of apéyseal
fractures (SUD) in which the main fracture is cluteazed as stable (S),

unstable (U) or with diaphyseal extension (D).

26



These are further divided into three subtypes.

Taylor and Martin SUD classification of metaphyskattures

S — Stable

S.0 - extra articular

S.1 -<2mm displacement

S.2 ->2mm displacement

U — Unstable

U.0 - extra articular

U.1 -<2mm displacement

U.2 ->2mm displacement

D — Diaphyseal Extension

D.0 - extra articular

D.1 -<2mm displacement

D.2 ->2mm displacement

According to Taylor and Martin with progressionrfraype S to

type D, treatment shifts towards external fixatod aaway from open

27



reduction. Conversely with progression from subgr® to subgroup 2

open reduction is indicated.

Treatment options

The amount of malalignment and shortening consttlapeeptable
also is controversial. Tarr et al. and Puno etamonstrated that “distal
tibial malalignment may be more poorly toleratedrthmore proximal
alalignment. The recommendations in the literattary widely: 4 to 10
degrees of varus-valgus malalignment, 5 to 20 d=sgoé anteroposterior
malalignment, 5 to 20 degrees of rotatory malaligntnand 10 to 20 mm
of shortening. In general, we agree with Traftoesommendation and
strive to achieve less than 5 degrees of varusagadggulation, less than
10 degrees of anteroposterior angulation, less 10athegrees of rotation,
and less than 15 mm of shortening. Maintaining ténac alignment is
difficult in certain fracture types, and if repeatattempts at realignment

have been unsuccessful, operative fixation is ated*".

Non- oper ative M anagement

Conservative management of distal both bone frastwf leg
resulted in significantly high rate of complicateonSarmiento et al in
1989 concluded that “bracing was contraindicatedfractures with

excessive initial shortening or ones showing inerggaangular deformity
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while in cast. Most series of closed treatment haported 25 to 40%
incidence of ankle and subtalar joint stiffnesgraftrolonged casting and
immobilization>. Thus operative intervention is needed in mosthef

distal both bone leg fractures.

Plates and screws

High incidence of soft tissue complications occuns open
reduction and plate fixation of tibia in the rangfel0 to 15% in many
series, but the recent advances in plating teclesigund designing have
reduced these complications significantly. Indirectduction and
percutaneous plating (LISS — Less Invasive staiibn System) is
indicated in a tibial shaft fracture with periadiar metaphyseal
comminution that precludes the use of standardsimes according to

Collinge and Sandets

Hybrid fixatorsand External fixators:

Thomas A Russell preferred hybrid fixator or plaie screw
technique with open and indirect reduction techaign metaphyseo
diaphyseal transition or metaphyseal unstabledrastof distal leg. Bono
CM et al proposed a treatment “algorithm for proxinibial fractures
with minimal or severe soft tissue injury, He pre¢el external fixation

when the distal fragment is too short and nailintyevhen it is long®*.
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Variety of external fixators are available. Theatiar chosen should
provide adequate stability, permit progressive Wwelgearing, and allow
dynamization and destabilization as the fracturaldig-ixator systems
that accommodate pin placement in more than oneepéend have the
ability to include the foot are most useful. Lighteeight, lower cost, and
less interference with visualization of the boneradiographs also are
desirable attributes if they do not compromisestability and versatility
of the system. Single-unit fixators with large wmsal joints readily
permit adjustments to fracture reduction afterftaene is applied. These
fixators tend to be less stable because they dallmet wide pin spacing,
and it is more difficult to add a second planeixdtion. Modular fixators
allow greater freedom in placement, but are moifecdit to adjust when
the frame is completed. Pin removal and replacemaytbe necessary to
improve reduction. Newer pin clamp designs withl paht or pivoting
mechanisms increase the adjustability of these tamis to some

extent’.

L ocked compression plate

Introduction of locked compression plate has clednthe plating
technique and the outcome in metaphyseal fracgigedicantly.

Locked plate designs function as fixed-angle devisehose

stability is provided by the axial and angular gigbat the screw-plate
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interface instead of relying on the frictional ferbetween the plate and
bone, which is thought to preserve the periosteEaidsupply around the
fracture site. Locked plates are indicated for tirec management in
osteoporotic bone and in periarticular fracturetggas, making them a

feasible treatment option for distal tibia metagaldracture’

Though the locked compression plate with MIPPO{Madly
Invasive Percutaneous Plate Osteosynthesis) tagheigminates the soft
tissue problems associated with open reductioniatednal fixation, it
cannot help in fracture reduction. The fracturgyraiient has to be

restored before applying the locked compressiotepla

In the treatment of distal tibial fractures, lodkeompression plates
provide more stable fixation than intramedullaryiling in vertical
loading but werdess effective in the cantilever bending . In fracture
patterns, in which the fibula cannot be effectivetigbilized, locked plates
offer improved mechanical stability when compareithwocked nails
alone. In this study fibular plating is done asuppementary procedure

in the nailing group to improve the stability.

31



Disadvantages of locking compression platein distal tibial

metaphyseal fractures™.

1. Soft tissue complications in conventional open otidn and
plating of tibia

2. Development of superficial wound problems increaserisk of
deep infection six fold.

3. Malalignment is more frequent in percutaneous pipthan with
the other methods of fixation.

4. Fracture alignment could not be aided by the logblkade (no lag
effect through the plate). It has to be restorefdreeapplying the
plate.

5. Locked compression plating needs careful preoperaianning. If
applied without following the principles of platira;nd the order of
putting the screws, failures are not uncommon.

6. Rarely late pain over the distal tibial plate @aedews may occcur.

Poller screws
Poller screws placed adjacent to the nail andgrehigular to the
screw holes usually in an anteroposterior directi@s been found to

improve the stability of distal tibial metaphyséalctures.
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PATHOPHYSIOLOGY OF INTRAMEDULLARY NAILING
Nailing without reaming

Smaller diameter implants are used in nail insertiwithout
reaming. The advantages are less heat produatidrieas disturbances
of the endosteal blood supply resulting in conside less bone
necrosis, which appears to be one of the risk fadtwr the development
of post operative infection.

“The influence of nail diameter on blood perfusamd mechanical
parameters studied in dog models by Hupel TM et Fallowing
segmental osteotomy of the tibia, it was shown ghabse fitting nail did
not affect cortical perfusion as much as rightrigtnail and it allowed
more complete cortical revascularization at 11 weqedst nailing. On the

other hand stiffness and load to failure were nanfl to be different’.

Nailing with reaming
Nailing with reaming produces various local andeyal changes

in the body.

L ocal Changes
“Tibial reaming enhances periosteal blood flowd ancreases
muscle perfusion. It reduces endosteal blood flowd period but this

seems to have little clinical effect. Unlike femloraaming, it seems to
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have little coagulative effect and does not cauket aespiratory distress
syndrome (ARDS). Reamed nailing of closed tibiaptiyseal fractures
gives better clinical results than unreamed nailifbis is not true of

severe open tibial fractures, where the resulteeamed and un-reamed

nailing appear to be very similaf”

General Changes

These include pulmonary embolism, temperaturatedi
changes of the coagulation system and humoralahand inflammatory
reaction.

The development of post traumatic pulmonary failtolowing
early femoral nailing in the multiple injured patts is associated with
the reaming procedure.

“Wenda et al measuring intramedullary pressuraiiojperatively,
found values between 420 — 1510 mm Hg with reanpiragedures, as

compared with 40 — 70 mm Hg in cases where usdtbuiitreaming”.

Complications of I ntramedullary Nailing

There are a number of complications associatedh wit
intramedullary nailing, such as knee pain, neuriclogbnormalities,

vascular damage, hardware breakage, and increaseddamage.
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Knee Pain

This is the most common complication associatedth wi
intramedullary tibial nailing. In the three majortudies of this
complication, “Keating et al (108) reported an derce of 57%, Court-
Brown et al (109) reported 56.2%, and Toivanen letl40) reported
69%. The pain is situated over the proximal endthef nail and is
associated with most normal activities. Court-Broemnal found that
91.8% of patients with knee pain experienced parkieeeling, 60.5%
found pain on squatting, 56.5% experienced paiumming, and even
33.7% were in pain at rest. These surgeons usetnagmalogue score
and showed that 38.5% of patients had mild paim%2zhad moderate
pain, and 5.4% had severe pain; the rest of thematwere pain free.
Thus, 82.3% of patients had either no pain or anilgl pain. The only
difference between the groups of patients withaitldout pain that those
with pain were younger and more active. Keatingaletnoted a high
incidence of knee pain with a patellar-tendon 8pgt approach
compared with a parapatellar approach. Court-Bretval and Toivanen
et al , however, could find no association betwdenapproach and the
presence of knee pain. All three studies agreedndiaremoval resolved

or improved the symptoms in most cases.
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There are a number of obvious reasons such aswin@ot nail or
heterotopic ossification of the patellar tendom .most cases, however,
the origin is more difficult to define. Tornetta @&t have suggested that
the pain is due to intra-articular damage to thaisee or their associated
ligaments. This reason may be true if a solid @latted nail is used, as it
Is usually inserted through the anterior part & kmee joint, but in the
three series detailing knee pain , the nails weseerflexible slotted nails
that were inserted below the knee joint. If it weodt tissue damage, it
would be surprising if nail removal resolved theolgem, which it
unguestionably does in most cases. It has beerestaghthat the shape of
the proximal end of the nail may affect the incicerof pain, but in a
study comparing reamed and unreamed nails, viyttladl same incidence
of knee pain was found with two very different nslilapes . Recently
Vais et al have advanced the theory that knee igamultifactorial in
origin but may be related to flexion strength deficy of the thigh
muscles. Proximal tibial discomfort can also beseauby a prominent

anteroposterior cross screw hedd”

Neurologic Abnor malities
Reports of neurologic damage following intramealylinailing are
very variable with the incidence varying from 2%3@%. “Court-Brown

et al noted a 2% incidence of sural and saphemmuge damage
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following distal cross screw insertion but encouete no other

neurologic problems. Koval et al , however, repbiteat 30% of limbs

had some degree of neurologic compromise that lnhdo@en evident
preoperatively. Of the 18 patients that they dethilll demonstrated
superficial or deep peroneal paresthesias, thréeal@mmplete foot drop,
and four demonstrated combined sensory and motieitdeinvolving

both tibial and peroneal nerve distributions. Timyed that 16 of the
neurologic complications were transient. Williams & also found a
significant number of neurologic complications aftatramedullary

nailing. They reported that common peroneal neesohs were seen
preoperatively in 10% of patients, but they foumétt80% of these
lesions resolved. After surgery, they found théairther 19% of patients
had common peroneal nerve lesions, of which 21%daio resolve.

Robinson et al undertook a prospective analysipatients treated by
reamed intramedullary nailing and showed that 5d&4eloped peroneal
nerve dysfunction with no evidence of a compartm®mdrome. They
noted that all the patients were young and that fthetures were
associated with varus deformation and little sefiue injury. All patients
recovered muscle function in less than 4 month$ioagh some did
complain of residual tightness in the extensoruaadl longus or a sensory

deficit. It is possible that the apparent neurafdgction in this series of

37



patients was actually caused by thermal damagket@xtensor hallucis
longus and not by nerve damatfe”

Damage to the common peroneal nerve at the fibudamk can
undoubtedly be caused by drill or proximal screwmdge. It is
interesting to note that a number of recently desiigintramedullary nails
have two oblique proximal cross screws rather thiateroposterior and
lateral cross screws. If the surgeon rotates tileasat is introduced into
the tibia, it is comparatively easy for the anteedinal-posterolateral cross
screw to damage the common peroneal néfve.

It is difficult to explain the considerable var@ti in the incidence
of neurologic abnormalities among studies. PossikBlyme surgeons
detect minor neurological disturbance more reaitthign others, although
a complete foot drop is not easily missed. Thedeiece of neurologic
abnormalities can be minimized by correct adhereincéhe operative
technique, and particular attention must be paiavtmd distraction at the
fracture site, as this could certainly produce sedamage. It is also
important to place the patient correctly on a ngiltable and to avoid
direct pressure over the common peroneal nene fime or distractor
IS used to stabilize a fracture prior to nailingjs important to avoid
placing pins near the common peroneal nerve. Dést@w nerve damage

should be avoidable by attention to surgical det@ihce the skin is
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incised, care should be taken to protect the ssti¢ before drilling and

inserting the cross screws.

Vascular Damage
The most feared vascular complication of tibialling is drill

damage to the popliteal artery in the area of tterial trifurcation .
“Avoidance of the complication is achieved by meloeis attention to
surgical detail. If an anteroposterior cross saswsed, it is important to
pass the drill slowly through the nail and to féml the posterior tibial
cortex, which may well provide little resistance asteoporotic bone.
Damage to the medial inferior genicular artery as® been noted , and
there is a report of distal cross screw occlusibthe posterior tibial and
peroneal arteries” . It should be emphasized tlatere vascular
complications of intramedullary nailing are raredahould be avoidable

by using correct nailing techniqdés

Hardwar e Breakage

Nail and screw breakage rates depend on the bibe mail that is
used and the type of metal from which it is madarger reamed nails
have larger cross screws, and the incidence ofanailscrew breakage is
greater with unreamed nails that utilize smalleewas. “Screw breakage

associated with the use of unreamed nails has feeted as being as
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high as 52% , with most series experiencing 102086 screw breakage
. With reamed nails, the incidence is between 0% 28% . Titanium

nails are associated with lower screw breakage.r&emer et al quoted
a 2% breakage rate for titanium screws and a 258aklage rate for
stainless steel screws used in unreamed nails.|€asbal showed that
with unreamed nails, the odds of fatigue failurdamking screws were
three times higher in Gustilo Il fractures commhvdth closed fractures.
Whittle et al have studied the fatigue failuretibfal nails and screws in
detail.

Screw breakage is rarely problematic and not infeadjy, it serves
to reduce a slightly distracted fracture and feadiéi union. Removal of
broken cross screws is usually straightforwardnagessitates an incision
on the opposite side of the leg. The two halvesehtv be removed
through separate incisions in a conventional maongeif the distal end
of the cross screw does not protrude sufficiertiptigh the cortex, a
trephine can be used to remove the distal fragneneasy alternative is
to retract the nail sufficiently to align the twarps of the screw, remove
the proximal piece of the screw, and hammer thieldsece through the
distal cortex using a thin metal punch. The distaéw fragment can then

be removed from the soft tissues or can be léfisfasymptomatic®”.
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Broken nails tend to be associated with untreatedinions, and it
IS wise to treat a suspected nonunion by exchaadi@g before the nail
breaks. “Few nails break these days, and the Hhigheslence is 6% .
Broken cannulated nails are usually easily remaysidg a long hook,
but solid nail fragments can be difficult to remcmad may even require

bone fenestration to aid removal”.

Thermal Necrosis

Thermal necrosis of the tibial diaphyf8owing reaming is an
unusual, but serious, complication. Its true inomke is unknown, but
there are occasional references in the literatidanckwardt-Lillestrom
stated that intermittent reaming without appre@amessure should not
cause bone damage, and it is likely that applyxoessive force causes
thermal damage, particularly to blunt reamers. Sdoree must be
applied to the reamer to facilitate its passagerddve intramedullary
canal, but there are no guidelines as to what degfdorce should be
applied. Eriksson and Albrektsson showed that teatpes above
47A°C may be deleterious to bone, and Leunig andeHeemphasized
that a tourniquet should not be used for tibialingy as it eliminates heat
convective transfer by shutting down the globalodidlow to the whole
limb. It is obviously important to keep the reanhés sharp and to take

care when reaming. Thermal necrosis has been egptwrtpresent with a
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cutaneous blister soon after surgery, which iofedd by soft tissue and
bone death and osteomyelitis. It is reasonableippase that less severe
cases of thermal necrosis exist, and it is probtitdea number of cases
of tibial osteomyelitis have been caused by themea&krosis that has not
been severe enough to cause skin damage. This weelth to be the
logical explanation for the unexplained dropped Iuxalnoted by
Robinson et al after reamed tibial nailing. Alltbeir patients recovered
muscle function within 4 months. The condition watributed to
peroneal nerve dysfunction but probably represetitednal necrosis of
a lesser degree than that recognized by LeunigHangkl . Giannoudis et
al have shown that the generation of heat duriagineg is greater with
narrow intramedullary canals, and they suggest éxakssive reaming
should not be used if the canal is narrow. If thithe case, an 8- or 9-mm
nail should be used. If thermal necrosis occures tteatment is the same

as for osteomyelitis”

Bone Damage

Intramedullary nailing can cause perioperativeppgation of the
fracture. This is rarely a problem, as the use statically locked nail
stabilizes the fracture. “An incorrect starting qgoor failure to aim the
nail correctly down the intramedullary canal mayllwesult in bone

damage, however. It has been estimated that thnplomation occurs in
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up to 8% of cases . Georgiadis et al “have drawentbn to the specific
problem of the displacement of an occult postenaileolar fragment
during nailing. As about 2.3% of patients with @bifractures have
coexisting ankle fractures, it is obvious that samgs will encounter
posterior malleolar displacement from time to tirdéagnosis is made at
the time of screening the ankle to insert the tgtass screw. Treatment
Is carried out by the use of percutaneously inddeg screws to stabilize

the ankle fracturé”
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MATERIALSAND METHODS

This is a prospective and retrospective studgpatients distal

both bone leg fractures— 10 patients treated witkrliocking nailing

alone and 10 patients treated with interlocking limgi with

supplementary fibular plating. The study was ddier getting clearance

from Hospital ethical committee. Those who fuliillehe inclusion

criteria given below, were invited to participate the study. Informed

consent was obtained from all the patients willilogtake part in the

study. The Study period is from March 2016 to Sejter 2016

Inclusion Criteria:

Lower end of tibia (Lower Metaphysis)
Acute Fractures

Closed Fractures

Grade | and Il compound Fractures(Gustilo Anderson

Classification)

Age above 16 yr

Exclusion Criteria

Grade Il compound Fractures
Proximal and Mid shaft Tibial fractures

Head injuries and Uncontrolled Medical comorbid aitions(

Poorly controlled Diabetes Mellitus)
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- Vascular Injuries

M ethodology:

Among the operatively treated patients in the tosdi of
Orthopaedics and Traumatology, Madras Medical @ellend Rajiv
Gandhi Government General Hospital from august 2@l 4eptember

2016 we have selected 20 patients

Agedistribution of Patients

Ageinterval inyears | Tibial Interlocking With supplementary
nailing alone fibular plating
21-30 3 3
31-40 3 3
41-50 3 1
51-60 1 3

Agedistribution:

35

3 -
25 -

2 1 m with tibia nailing alone
15 - : .

B with supplementary fibular
plating

1 -
0.5 -+

0 -

21-30 31-40 41-50 51-60
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Sex Distribution:

Sex distribution Male Female
Patients treated by
6 4
interlocking nail alone
Patients treated with tibial
interlocking nailing with
6 4

supplementary fibular

plating

Sex distribution

‘ W IL-Male
M IL- Female
m IL+ FP- Male

M IL+FP- Female
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Mode of Injury:

Road Traffic accident constitutes the injury in d&ses, self fa

from height in 3 cases and fall of heavy object2 tase

Mode of injury

Tibial Interlocking

With supplementary

Nailing alone fibular plating
RTA 7 8
Self fall 2 1
Fall of heavy obje: 1 1

Mode of injury

B RTA
m Self fall

™ Fall of heavy object
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Gustilo Anderson Classification:

Tibial Interlocking

With supplementary

Classification
Nailing alone fibular plating
Closed fractures 5 5
Grade | compound 3 3
fractures
Grade Il compound 2 2

fractures

Gustilo Anderson Classification:

Closed
fractures

Grade |
compound
fractures

Grade Il
compound
fractures

M Tibial interlocking nailing alone

B with supplementary fibular
plating
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AO/OTA classification:

o Tibial Interlocking | With supplementary
Classification
Nailing alone fibular plating
43A2 7 7
43A1 3 3

The mean delay between the injury and the surgas/2wveeks

The mean diameter of the medullary canal at thellefristhmus

was 9 mm and at the fracture site was 18 mm.

OUTCOME:

Alignment and reduction preoperatively, postopeedy and at
healing was the main outcome measured with an asmpion loss of

initial reduction on follow up.

Fibular plating
Fibular plating was selected for the following r@as,
1. correction of alignment before insertion of nail

2. Maintaining the alignment or to improve the stépilof bone

implant complex

3. For achieving rotational stability
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OPERATIVE PROTOCOL

Pre operative planning

X ray of the injuried leg in AP & Lateral views tak The fractur
tendency for valgus or varus and antecurvatum ocurv@tum
malalignment was noted. The angle of malalignmead measure

Fracture location from the distal articular surfagas measure:
The length of fracture was also measured. The demef medullan
canal at isthumus and at the level of fracture weneasurec
Approximate length of the nail was measured in contralateral lec

from the tibial tuberosity to medial malleol

Oper ative Protocol:
The nails used were cannulated stainless steelwitil 2 proxima
(mediolateral) and 3 distal (2 mediolateral anchtesposterior) lockin

options, of diamete8, 9 or 10 mm.

Patallar
tendon

plateau
(bare area)

: Patellar
retingeulurm

Shait of tibia

Dee {shaded area)

el
infrapatellar
bursa

Proper paint
of insertion

Then through a patellar tendon splitting approa&cttiry point was
made in the midlineprogressive reaming done and guide wire
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passed under image intensifier control,reductionrified,if not
satisfactory fracture site opened t reduced and intramedullary n

introduced and locked with one or two proximal sgend two or thre

distal screws.

Praper Improper Synovium

Anterior cruciate
Improper \ﬂ \ lal/ potair
Il .
I : /

Fat
pad

Fraper point _ L b
of insertion /| b

Pateliar
tendon

Deep
infrapatellar
bursa

I Medial
meniscus

Bara area of /
tibial plateau

A
Proper /
insertion

Closed reduction was done in fourteen cases. Inrén@aining
cases, closed reduction was attempted and we dmdpen reductioas
there was a marked overriding of the fragmentsdifiidulty in aligning
tibia and &hieving reduction or delay 6 weeks before surge

The alignment was confirmed in both coronal andit&dgplane

with image intensifie
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For cases done with splementary fibular plating, through
posterolateral incisio skin, subcutaneous tissue and fascia inc

Fibular fracture site exposed, freshened and ret

Percneus longus

Flexar hallucis Achilles tendan

Solgus langus
Soleus

The peroneal muscles are retracted anter The interosseot
membrane is stripped Im the anterior border of the fibula ina proxir
to distal direction. The muscles are stripped ftbm anterior asurface
fibula.

After achieving the proper alignment and reducfibalar plating
done with appropriate one third tubular plate(usua six or seven hole
plate) and cortical and cancellous screws of dffersizes.once prop
length and rotation of fibula is achieved,in fresdses the tibia aligr
itself and malalignment in both sagittal and cotoplkanes could b
avoided.In those dayed cases where alignment of fibula does nottr
in alignment of tibia,open reduction and internakafion with

intramedullary nail is don
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Tourniquet was not used in any cases, All cases were done under spina
anesthesia
I ntra operative pictures:

Fibular Plating:

Intra operative picturesfor tibia Interlocking Nailing

Draping: Patellar tendon Splitting approach




Awl Insertion: Reaming

I nsertion of Nail:




Applying L ocking bolts:




C- Arm Pictures

Post operative treatment

Non weight bearing for 6 weeks. After developmentcallus
formation partial weight bearing istarted which is continued t
complete union. Then full weight bearing is allawa&fter clinical anc
radiologic union is seen. In one case the dist@vs@urchase in fibula
poor as it is so osteoporotic, we recommended neighw bearing til
radidogical evidence of union. In that cases cast stppas given for ¢

weeks.
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Follow up

All the fractures were followed through till uniaf fracture with
clinical and radiological examination at intervaic4 to 6 weeks. The
maximum follow up was 12 months.

On follow up axial alignment was assessed and ioinak analysis
was quantified using Kalstrom — Olerud score.

Radiographs were analyzed for correction, maimteaaf position
or loss of reduction.

Fracture was defined as united when patient wées tabbear full
weight on the injured limb without pain and withatpport and when
radiographs showed bridging callus in at leastr8azs.

Complications of fibular plating

Complications were divided into those which weedated to
fibular plate and those which were not.

Complications related to fibular plate are thet $iskue problems
in open reduction and fibular plating such as dgwalent of superficial
wound resulting in skin necrosis ( as a result xdfae hardware),which
might increase the risk of infection by six fold.

Complications not related to fibular plating pee snay be
compartment syndrome, breakage of locking screws tmdon or

neurovascular injury
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DATA ANALYSIS

Data analysis was done using repeated measure§/AND test.

Repeated measures designs are popular becausealtbay a
subject to serve as their own control. This impsotlee precision of the
experiment by reducing the size of the error vaxéaon many of the F-
tests.

Within-subject designs are those in which multipleasurements
are made on the same individual at different pointimes. Here the
variable in our study were the angle at the frackite measured within
the subjects at different point of times.

Kalstrom-Olerud score was used to asses the amaitoutcome. It
Is an independent measurement, not influenced Imgroto-morbid

conditions and associated injuries

Parameters of Karlstrom- Olerud scoring system were
1. Residual angulation (0 to 3 points)

0 -- 0 point

1to 3 -- 1 point

4to0 5 -- 2 points

>5 -- 3 points
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2. Fracture Healing (0 to 3 points)

Union < 12 weeks -- 0 point

Delayed union > 12 weeks -- 1 point

Delayed union requiring secondary procedures @i@tp

Non union > 6 months -- 3 points

3. Cast Support (0 tol points)
No cast support -- 0 point

Cast support -- 1 point

Outcome

0 & 1 points Excellent
2 & 3 points Good

4 points Satisfactory
5 points Fair

6 & 7 points Poor
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RESULTS

All the relevant data were analysed.

The Fractures treated with tibial interlocking magl without
fibular plating were analysed and 5(50%) casesewwalunited and
deformed. Karlstrom- Olerud scoring was excelianine(10%) patient,
good in 5 patients(50%) , fair in 3 (30%) patieat&l poor in 1 (10 %)

patients

Karlstrom Olerud scoring

M Excellent
Hgood
fair

M poor

The mean delay in surgery for this group is 2.2ksee

Radiologically the mean post operative varus/valgiignment was
8.6 degrees . The mean duration of time of unidiRiZ0 weeks.

4 patients needed cast support. The average foipoiww 8 months(

lowest — 4 months , longest — 18 months)
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All the fractures treated with supplementary fésubplating in
addition to tibial interlocking nailing eventullaynited in a mean period
of 11.60 weeks

Karlstrom-Olerud score was excellent in 6 fracsui@%), good in

3 patients  (30%) and fair in 1 patient  (10%)

Karlstrom Olerud scoring-with
supplementary fibular plating

M Excellent
M good
m fair

H poor

The mean delay between the injury and the surgasyM\8 weeks

Radiologically the mean post operative varus/valgiignment was
2.10 degrees.

The alignment was maintained till union with thean remaining
the same in the coronal plane. The average follqw i1 10.3

months(lowest- 6 months, longest — 24 months)
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The p-value for varus/ valgus angulation with equal vaces
assumed is 0.0016 awith equal ariances not assumed is 0.0064. T
it is statistically significant that the- value is < 0.05

The p-value for time of union is 0.3425( p value >0.0%9, it is

statistically insignificar

DISCUSSION

In our study the mean time of union for patietreated with tibia
interlocking nailing alone is 12.70 weeks , wherdas mean time c
union for patients treated with tibial interlockingailng with

supplementary fibular plating 11.6 weeks

Time of union

B with tibial interlocking nailing
alone

B with supplementary fibular
plating

The mean varus / valgus angulation for patientstéwith tibial

interlocking nailing alone is 8.6 degrees wheréasmean varus / valg!

60



angulation for patients treated with tibial intekang with supplementary
fibular plating is 2.1 degrees.

Fracture union was rather difficult to define andeasure.
“Sarmiento et al in 1984 specified criteria for jbdgment of union.

1. The ability of the patient to bear weight withowaim

2. Absence of clinically detectable movements acrdes ftacture
site.

3. Visible bridging callus across the fracture on plediograph”.

“Panjabi et al in 1985 proved that cortical coniipwas the best
predictor of mechanical strength and the authorgssigd that
measurement of number of cortices bridged was tlost meliable
measure to assess fracture healing”.

In the current series, the union was defined basethe ability to
bear weight in the affected leg without pain andewtlihe radiograph
shows us bridging callus in at least three of the tortices

We cannot over emphasize the potential advantagés
intramedullary nailing than any other form of fixat like external fixator
or plating in tibial factures. But the problemsextending the indication
to metaphyseal fractures have to be analysed sotl/esl.

The management of tibia fractures has evolvedifsigntly over
the last 10 to 15 years . Intramedullary nailirag bbecome the standard

of care for most of these injuries, especially ases with significant soft
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tissue damages. The lack of interference fit afaimiedullary nails in the
distal tibial metaphysis has prompted some surgeonsdd fibular
plating in the hopes of improving fracture stabilit

In this study where the fibular fixation with ptais done for distal
both bone fractures it has shown significant défeee in varus / valgus
angulation when compared to patients without fibuiaation it is
comparable with a recent retrospective study byl Bgd colleagues that
suggests a higher failure rate in patients whdsalds were not platéd
“These patients present a range of fixation coméigans ranging from 1
to 3 distal locking screws. The proximal fixatiom these cases is not
mentioned. The authors note that the number oéldistking bolts had
an effect on the rate of malalignment. Althougpl&ilocking distally has
become the standard at our institution for thisttree type, other centres
commonly use 1 or 2 distal locking screws”.

It is possible that fibular plating becomes mamgortant when
fewer points of fixation are used in the tibia. ‘dnsimilar biomechanical
evaluation of distal tibia fractures, Kumar andleajues found some
beneficial effect of plating the fibula when a nigilused to stabilize the
tibia”*®,

In our study for the patients treated with tibraleirlocking nailing
we encountered 50 % malunion which was comparaktd wstudy

conducted by Lesch GJ eflin his review of 38 cases for distal both
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bone leg fractures where he encountered 79% ofumual i.e.
angulations of 5 degrees or more in frontal ortsalgplane and required
secondary procedures to achieve in 38 % of casgsnaanother study
Jen Nork et &f, “in their review stated that previously reportedes of
unacceptable alignment after medullary nailing istal third both bone
fractures have ranged from 54% to 86%” . Hencerradte forms of
fixation like supplementary fibular plate or extarfixation is suggested.

Chen AL “compared the intrinsic stability in tibiadtramedullary
nail construct in distal third disphyseal fracturaghout isthmal support,
between two mediolateral distal locking screws &nd perpendicular
(one medio lateral & one antero posterior) distatking screws. He
concluded that fixation stability of intramedullamgil is not significantly
influenced by distal locking screw orientation iesponse to sagittal,
coronal or rotational force¥”

In contrary, Smucker et al “found two parallelkow bolts being a
better construct than perpendicular locking balttheir study”.

To overcome these issues various techniques heare developed
like slight medial entry point as suggested by Bereht al and Lembcke
O et al and modifications in nail designs includiddferent proximal
bends and more oblique screws.

In distal third fractures "fibular plating andttag the distal few

millimeters of nail distal to the distal screws éndb allow two cross
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locking screws in the distal fragment, one crosgwcacross fractures
site as lag screw and use of large reduction fercapd temporary
unicortical plating, percutaneous manipulation wi#thanz pins, femoral
distractor have been the supplementary procedwsed to achieve the
alignment®.

According to Egol et al “ The authors concludeat tibula fracture
stabilization offers protection against loss ofcftae reduction when
distal metaphyseal tibia-fibula fractures with amredullary fixation are
being managed”

Our data support these clinical findings, sugggstthat
Intramedullary nail fixation of a comminuted unde&listal tibia-fibula
fracture without fibular stabilization may be unaltb maintain fracture
reduction under physiologic loading.

The amount of malalignment and shortening consitlecceptable
Is controversial. Tarr et al and Puno et al denmratesd that distal tibial
malalignment may be more poorly tolerated than mereximal
malalignmenit Trafton’s recommendation is generally agreed anyn
authors.

According to our study the acceptable malalignmenéss than 5
degrees of varus- valgus angulation, 10 degreesntéroposterior

angulation, and 10 degrees of rotation and 15mshoftening.
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In this study we encountered malalignment in ftases of distal
third fractures(50%) treated with interlocking magl for tibia alone,
whereas malalignment was encountered in only ose(t8%) of distal
tibia fractures treated with interlocking nailingrftibia with fibular
plating.

We found that interlocking nailing when plemented with fibular
plating did influence the stability or the functaroutcome.

When compared to other techniques described foveptag
metaphyseal malalignment during nailing in distaihbbone fractures of
leg, fibular plating is not technically demandindp not require any
special instrumentation and do not need any spdeisign modification
in the nalil.

There is no significant increase in radiation esxpe for applying
fibular plating.

In our series the mean ratio of fracture segmeihée tibial length
was only 16% which denotes that even such shartuira segments can
be safely and effectively managed by intramedullaailing when
supplemented with fibular plating in distal botmiedractures of leg .

We had excellent to satisfactory outcome in 85%Kiaystrom-
Olerud for patients treated with supplementarylfib plating scoring
which is comparable to the results of studies cotetliby Tyllianikis el

al’ with 86% excellent to satisfactory.
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Effect of malunion

Importance of achieving anatomical reduction ictures of tibia
cannot be over emphasized.

We have analysed the mismatch between the diasnetér
medullary canal at the level of isthmus (i.e. maxmmpossible nail size )
and at the fracture site in all cases which wasparable to a study
conducted by “Van der Schoot et al who reporte® gdar follow up of
88 patients with fractures of lower feg49% had healed with
malalignment of at least 5 degrees. More arthwts found in the knee

and ankle adjacent to fracture than in comparabigg of the uninjured

’18

leg

There is a possibility of more degenerative clearig the ankle as
the malaligned fractures recorded by Puno RM dbal term effects of
tibial angular malunion of knee and ankle jointshia 28 tibial fractures
with an average follow-up of 8.2 years. His anaysiowed that greater
degrees of ankle malalignment produce poorer @iniesults®.

“Kyro A in his series of 64 tibial shaft fractereeoncluded that
malunion of tibial shaft fractures seem to be estlgcharmful in distal
fractures, in fractures with marked previous dispfaent, in fractures
caused by high energy injury and among patients tlesn 45 years of

ageaq
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We found that there was a significant mismatclwbeh them.
The diameter of medullary canal at the level ohnais was 9 mm
compared to 18 mm at the level of fracture sitee Thsmatch explained
the cause of instability in metaphyseal fracturelsenv treated with
intramedullary nailing.

The primary aim of the study was to analyze tilfectiveness of
achieving and maintaining the coronal plane aligmmend its aid in
reduction in distal both bone fractures of leg tiedawith intramedullary
nailing with and without using supplementary fibybdating .

As described in various literatures the malalignimen these
circumstances were significantly high when done haut any
supplementary procedures.

“James Kellam in his commentary and perspectivéhe effect of
fibular plate fixation on stability of simulatedstial tibial fractures treated
with intramedullary nailing by Anand Kumar et al nobuded that
meticulous intramedullary techniques combined wigle of fibular plate
fixation or blocking screws will achieve the bessults in maintaining
the reduction of distal tibial fractures till unign

“A.Bedi, T.T.Lee and M.A Karunakar in their stusliproved that
in patients with ipsillateral distal tibial and filar fractures who are

treated with Russel and Taylor intramedullary mgilof tibia,rotational
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stability of the tibial fracture can be increasgdpate and screw fixation
of the fibula,which may reduce the risk of varutgus malunion®,

Fibular plating improved the stability of the metgseal fractures
after nailing and promoted union in our study.

The ratio of short metaphyseal fragment to thaltobial length
was analysed. The total length of the tibia wasr@pmately derived
from the length of the nail used.

The mean ratio was found to be 16%.

Even such short metaphyseal fragments had beestctieély
stabilized till union with intramedullary nailinghen supplemented with
fibular plating.

“The proportion of fractures that lost alignmemére minimal
among those receiving stabilization of the fibuta donjunction with
intramedullary nailing in many studies as compasgti those receiving
intramedullary nailing alone as comparable to thely conducted by
Paige Whittle A et al in their analysis of 40 patgetreated with locked
intramedullary nailing and concluded that that Gfficent of fractures
without supplementary fibular plating”.

The reduction should be ensured in twangs with image
intensification after placing the fibular plate dmefore applying the tibial

locking screws.
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CONCLUSION

We conclude that fibular plating, when supplementdte
intramedullary nailing of distal both bone fracwsid leg,
1. Were effective in achieving the fracture alignmespecially in
fresh fractures.
2. Improves not only angular stability but also raiafl stability.
3. Maintained the fracture alignment till union, pratiag loss of

initial reduction.

The analysis of this group of patients confirméd typothesis
postulated by emphasizing the importance of theldibfracture within a
single biomechanical and pathological entity oftalidractures of the
tibia. In particular, it confirms the value of ddelsurgical fixation, as a
complement to stability but also as assistancedoation when nailing

is indicated.

In closed nailing procedures, reduction of baolilat and fibular
lesions is even more difficult to obtain if treajia torsion injury resulting
in a fracture with a rotational component, ensufibglar osteosynthesis
first anatomically reduces any horizontal displaeetn These strategies

now remain to be validated in a prospective study.
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In our comparative study we have found statistycaignificant
varus/ valgus angulation difference , the time oion difference is not
statistically significant.

However a long term follow up and a larger sanglely is needed

to further validate our findings
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CASE ILLUSTRATIONS
CASE -1

Mrs Banu
Age- 35 y/F
Mode of injury- Road Traffic Accident
Interval between injury and surgery- 3 weeks
Diagnosis- Grade | compound Both bone FracturehtRigg
AO Classification- 43A2
Associated injuries- Nil
Procedure Done- Closed Tibial Interlocking Nailiagd ORIF
with 1/3%tubular plating for fibula
Time of union: 11 weeks
Kalstrom Olerud Scoring- 0 (Excellent)
Range of Motion — Knee Flexion: 130 degrees,

Ankle- Normal range of movements
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Pre op Xrays:

Post Op Xrays
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Follow up (11 weeks)

Clinical Pictures:

73



CASE -2

Name : Mr. Jayachandran

Age- 27 y/ m

Mode of injury — Road Traffic Accident
Interval between injury and surgery- 8 days
Diagnosis- Closed fracture both bone left leg
AO classification- 43A2

Associated injuries- Nil

Procedure done — closed tibial interlocking nailiand 1/%
tubular plating for fibula

Time of union- 11 weeks

Kalstrom Olerud scoring- 0 (Excellent)

Range of motion — Normal

Pre op xrays: post op xray ollofv up(11 weeks)
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Follow up:

CASES with Tibial Interlocking Nailing alone:

CASE -3
Name: Ramu
Age-50/ M
Mode of injury- Road Traffic Accident
Interval between injury and surgery- 3 weeks
Associated injuries - Nil
Diagnosis: Grade | compound distal both bone llagttire left.
AO classification- 43A2

Procedure Done: Closed interlocking intramedullaailing with
locking with 3 screws (anteroposterior, obliqued a@nansverse) was
done.

Time of union : 18 weeks
Cast support- yes

Kalstrom Olerud Scoring : 6 (poor)
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Pre-operative x-ray AP and lateral

Immediate post operative x-rays

/|
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Radiological assessment at 6 months post -oper atively

20 degree varus
angulation

6 degrees
Anterior angulation

There is a 20 degree varus angulation and a 6 eemneerior
angulation at the end of union of distal tibia. féh@vas no rotational

malalignment

Clinical Pictures
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CASE -4

Name: Saravanan

Age-35/ M

Mode of injury- Fall of heavy object

Associated injuries — Nil

Interval between injury and surgery- 2 weeks
Diagnosis: Grade Il compound distal both bonetinacleft.
AO classification- 43A1

Procedure Done: Closed interlocking intramedullaailing with

locking with 3 screws (anteroposterior, two lats@ews) was done.
Time of union:12 weeks
Cast support: yes

Kalstrom Olerud Scoring: 5 (fair)

Pre op Xrays:

B Al




Post op Xrays

There is a 12 degree anterior angulation as se#reiftateral film
and a 4 degree valgus angulation in the AP filmer€lwas no rotational

malalignment.

Clinical pictures:
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PROFORMA
SI.No :
Patient name :
Age / Sex : IP.No :
Occupation :

Address :

Phone no:

Date of injury :

Mode of injury :
Right/Left

Fracture classification
AO:

Simple / compound ( Grade )

Level of fibula fracture :
Associated injuries :

Interval between injury& surgery :
Weight bearing started on :

Post op Varus/ Valgus angulation

Cast support :

Side :



Time for union :
Complication :
Secondary procedures :
Final outcome :
Karlstrom — Olerud Score ( 0-7 points ) :
Residual angulation (0-3) :
Fracture healing (0 - 3) :

Cast support (0-1):
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Introduction

The distal tibia fractures oceurs in around 7 to 9% cases of lower
extremity fractures, out of them 85% are associated with fibular fractures The
distal tibia fractures occurs by various mechanisms like road traffic accidents, fall
from heights or low energy mechanism like rotational strain. etc . The amount of
swelling, blisters, and open wounds are taken into account while managing distal

tibia and fibula fractures.

Despite all measures, treating distal both bone fractures of leg remains
as a challenge. The goals of surgery are maintaining the length and rotation,
correction of sagittal and coronal alignment, and quicker return of functional

range of movements of knee and ankle.

Treatment of distal both bone leg fractures includes intramedullary
nailing . hybrid external fixation. plate fixation or combining any of these
‘modalities.

nailing of tibial, as this
technique allow load sharing , does not disturb extraosseous blood supply, and
soft tissues are less damaged and have a relatively easy learning curve.

Intramedullary nailing of distal tibial fractures with short distal

fragment is associated with malalignment problem particularly in coronal plan,
1



PATIENT CONSENT FORM

Study Detall . “Prospective and Retrospective analysis of
Functional Outcome of Distal Both bone
Fracture Leg treated with Tibial Interlocking
Nailing  with and without Fibular plating -
Comparative study

Study Centre : Rajiv Gandhi Government General Hospital,
Chennai.

Patient’s Name
Patient’'s Age

Identification
Number

Patient may check/j these boxes

a) | confirm that | have understood the purpose otedure for
the above study. | have the opportunity to ask tipresnd all
my questions and doubts have been answered to mylete

satisfaction. -
b) | understand that my participation in the studyakintary and
that | am free to withdraw at any time without gigireason, -

without my legal rights being affected.

c) | understand that sponsor of the clinical studigect working
on the sponsor’s behalf, the ethical committeethad
regulatory authorities will not need my permissiortiook at
my health records, both in respect of current samty any
further research that may be conducted in reldbat) even if
| withdraw from the study | agree to this accesswelver, |
understand that my identity will not be revealeciy
information released to third parties or publishadess as
required under the law. | agree not to restrictube of any
data or results that arise from this study.



d) | agree to take part in the above study and to tpmiph the
Instructions given during the study and faithfudlyoperate
with the study team and to immediately inform thedy staff
if | suffer from any deterioration in my healthwell being or

O
any unexpected or unusual symptoms.

e) | hereby consent to participate in this study. :

f) | hereby give permission to undergo detailed céihic
examination, Radiographs & blood investigationseagiired.
Signature/thumb impression

Patient’'s Name and Address:

Signature of Investigator

Investigator's Name:

(Dr. Satheesh Kumar R)
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