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ABSTRACT:

INTRODUCTION: Fractures of tibia diaphysis are the most common fractures of
long bone. As most of the surgeons noted and many studies showing thaintkd re
intramedullary interlocking nail fixation done for displaced and unstabletuires
provided better functional results and lesser complications tharpareth with
conservative management with cast immobilization, open reduction raechal
fixation with plating, unreamed intramedullary nailing or use of estefixators. A
potentially debilitating and serious but usually under-appreciated conmuicat
intramedullary nailing for tibia fractures is rotational malaligmt As of now there
is very less known about what is the true incidence of malrotatien IMIL nail
fixation, what degree of rotation that is actually significant baware the indications
of correcting the malalignment.

The anatomical twist of tibial Proximal versus Ristarticulate axis in
transverse plane around longitudinal axis is kn@sntibial torsion. Following the
closed intramedullary nailing of tibial shaft frapts, any alteration in the tibial
torsion, whether internal or external, is referteés a malrotation. To evaluate tibial
malrotation, one compares the torsion of the adfé@nd unaffected tibia. Concerns
have recently been expressed over the high frequehmalrotation that has been

documented after tibial intramedullary nailing.

The traditional infrapatellar intramedullary nagdintechnique is done by
placing the knee in hyperflexion over a radioludeminp and passing the nail through
a longitudinal incision made over and parallel patetendon fibres. Segmental
fractures and proximal one third tibial fracturesquently fall into valgus and procu
rvatum due to deforming muscle stresses. The nsesli-extended suprapatellar

tibial nailing technique will make it easier to ass the beginning site location,
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counter the deforming muscle forces, and also alleasier intraoperative imaging.
The results of suprapatellar nailing are scarceported in the literature, despite the

well-established results of typical infrapatellailimg.

OBJECTIVE : to determine the incidence and degree of tibial rotational
malalignment with the suprapatellar semi-extended versus stanétahtellar entry
tibial nailing techniques.

METHODS: A prospective interventional Randomized controllstudy was
conducted on 40 patients in the Department of @dbkdics, Jawaharlal Nehru
Medical College, KLEs Dr. Prabhakar Kore HospitalMedical Research Centre,
KAHER, Belagavi. The patients who came to casualtyoutpatient department
(OPD) with tibial diaphyseal fractures who will wrdo reamed intramedullary
nailing were randomly divided into two groups i#hjal shaft fractures treated with
IMN utilising the infrapatellar technique(group Aand those treated with
suprapatellar technique(group B) during a one-pesiod (20 in each group) with six
months followup. The outcomes of IMN in tibial shdfactures via IP and SP
approach were compared in terms of rotational ngalalent as primary outcome,
fluoroscopy time, average intraoperative time timeterior knee pain using Visual
Analogue Scale (VAS) score and KUJALA score , agerblood loss, fracture union
time and functional outcome (in terms of the lowgtremity functional score). Two
sample t test/Welch’s t test are used to compagentikan of variables over both
groups. Mann Whitney U test is used to comparedib&ibution of variables over

groups. P-value less than or equal to 0.05 indscstististical significance.
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RESULTS: When comparing two groups of infrapatellar nailing (IPN) with mean
age of 32.8 + 13.63 years, with suprpapatellar nailing (SPN) mean atfe0&f +
18.07 years, the IPN group has a mean rotational difference of%& degrees, the
SPN group shows a lower mean rotational difference of 4.3 £ 3.06 deghéeh is
significant when measured with clinical TFA and in IPN group, 15 (75%g)
rotational difference < 10 degrees and 5 (25%) had rotationaletitfer10 degrees.

In SPN group, 19 (95%) had rotational difference <10 degrees and 1 (%P6) ha
rotational difference>10 degrees. In IPN group, 14 (70%) had rotational difference
&It;10 degrees and 6 (30%) had rotational different@ degrees. The IPN group has

a mean X-ray rotational difference of 6.5 + 4.35 degrees, the @& shows a
lower mean X-ray rotational difference of 4 + 3.04 degrees whkicignificant. In
SPN group, 19 (95%) had rotational difference <10 degrees and 1(5%gtatohal
difference>10 degrees. The IPN group has a mean CT rotational differef@c2lof

4.73 degrees, the SPN group shows a lower mean CT rotational rdifer€ 4.87 +
2.96 degrees which is significant. In IPN group, 13 (65%) had rotatiiffiedlence <

10 degrees and 7 (35%) had rotational different@ degrees. In SPN group, 19
(95%) had rotational difference <10 degrees and 1(5%) had rotatiiffeaénce>10
degrees. Secondary outcomes of this tudy also showed siginifacaasdfd group

has a mean intraoperative time of 102.45 * 6.89 minutes and the SPN gsoup ha
significantly shorter mean intraoperative time of 82.1 + 7.49mindtes.IPN group

has a mean blood loss of 65.3 + 4.86 mL. In contrast, the SPN group has a
significantly lower mean blood loss of 48.6 £+ 8 mL.The IPN group has anme
fluoroscopy time of 119.75 + 10.57, the SPN group exhibits a significantlyr lowe
mean fluoroscopy time of 90.5 £ 5.23. The IPN group has a mean Kujata afcor

60.15 + 5.68. Conversely, the SPN group demonstrates a significantly meghaer
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Kujala score of 73 + 4.76. In the IPN group, the mean VAS scoré%s+41.27, with
a median of 4 (ranging from 3 to 7). On the other hand, the SPN group ahowsr
mean VAS score of 3.7 = 1.3 with a median of 3.5 (ranging from 2 tm @)e IPN
group, the mean LEFS score is 69.35 + 2.46, with a median of 69 (rangn®5 to
73). Conversely, the SPN group exhibits a significantly higher mean kE&i® of
74.65 + 1.66 with a median of 75 (ranging from 72 to 77). In the IPN gtbepnean
time to union is 6.15 * 1.23 months, with a median of 6 weeks (ranging4fran8d
months). In contrast, the SPN group shows a significantly shorter tinea to union

of 5 £ 1.03 months with a median of 5 months(ranging from 4 to 7 months).

CONCLUSION : The study confirms previous research that demonstrates favourable
outcomes with suprapatellar nailing in terms of less rotatiorslignment when
measured with clinical thigh foot angle, x-rays and computerized tomography.
results of this randomized controlled study show that the suprapatélitanedullary
nailing can significantly reduce intraoperative time, blood losgrdéiscopy time
which will improve overall surgical outcomes of the patient. Additigrslipraptellar
nailing is associated with lesser chronic anterior knee pain $&fe and higher
KUJALA score than infrapatellar nailing which have an incremeetfct on the

activities of daily living of the patient.

Keywords:

Tibia, tibia diaphysis , Tibial shaft fractures , infrapate/lguprapatellar , rotational

malalignment, intramedullary nail , randomized controlled trail.
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INTRODUCTION

Diaphyseal fractures of tibia are most common |boge fractures More
than any other long-bone fracture, tibia fracturage proven to be a difficult surgical
case. Whether it is closed or open, this fracta® dnhistory of being difficult to heal.
Until the discovery of antibiotics, an open tibficture would frequently result in the
death of the patient from infection. It is estinthtbat in the Crimean War (1853 to
1856) the survival rate after tibial gunshot inggriwas less than 20%. During World
War |, the unstable lower limb tibial fractureshetbulk of which were open, have
accounted for one in five combat casualties. Dutivag period, tibial fractures had an
amputation rate of more than 20% and a mortaliyy o almost 10%

Tibial fractures are bimodally distributed, withtigats under 30 yrs old more
likely to have comminuted and high energy transvdractures and patients over 50
yrs old more likely to have low-energy spiral paite Tibial fractures are nearly 3
times more commonly seen in female than in maler@patients aged 65 and above,
with no discernible racial disparityHowever, males are roughly two times to females
in suffering high-energy tibial fractures in youngatients,

Tibia shaft fractures are very common and have loegn acknowledged as
catastrophic and incapacitating injuries. Althouglost fractures are closed, open
fractures are more commonly seen in tibia than enynother bones due to its
subcutaneous location. A tibia fracture can caesere mutilation, crushing injuries,
or even a traumatic amputation. It can also r@sulhdisplaced fractures with little to
no soft tissue damage. The anterior side of tha tsbdirectly beneath skin and lacks
muscular cover, which are some anatomical feattihes make managing tibial
fractures more difficult and complicated. For treason, even in closed fractures, the

majority of tibia fractures are linked to damage tte skin and subcutaneous
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structures. The tibia's subcutaneous shaft makadrierable to severe comminution
and open fractures, which can lead to nonunioniafettion. Because of the closed
osseofascial compartments of the leg, there is hgghof compartment syndrome in
high energy tibia fractures. The tibia is more vaslible to blood loss than other long
bones that have circumferential muscle coveringctares near proximal 13 of
tibia enhance the risk of vascular damage duestdatse proximity to popliteal artery.
When evaluating tibia fractures, a thorough physiaad neurovascular
examination should be combined with a proper hystaking. The leg is examined for
soft tissue crush, contusions, deformities, andhapeunds. An absent or feeble pulse
and any neurovascular defecit can be a indicatmastular injury or ‘compartment
syndrome’, which should be considered as emergandyis necessary to diagnose
and treat as soon as possible. Stabilizing théswitdl be of primary goal and assess
the patient from top to bottom to eliminate anyoassted head injuries, spinal
injuries, blunt chest and abdominal injuries. Thevis with both hips femur, foot,
knee and ankle joints of affected side also shbelé&zxamined after proper exposure
of the patient. After the inspection, the affectedb is carefully straightened and
splinted in place. Tetanus, analgesics, and amitlyoophylaxes are given as needed.
A plain radiograph of the knee and ankle includidB view , lateral view are
acquired, as well as mortise view radiograph ifdegke In certain fractures with
comminution or bone loss, radiographs of unaffeciiei are required to assess the
normal length of tibia. Computerized tomography ¢endone to know about the
fracture in detail or in comminuted fractures. MRIndicated when there is suspicion
of ligamentous injuries. CT angiogram is done whian doubt of vascular

compromise.
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The Edwin Smith Papyrus is a 1500-1600 BC anciemppian medical
document that contains descriptions of how to ttieél fractures. The rates of non-
union and mal-union in tibia fractures are compeaest higher than those in other
parts of the body Getting a good healed, properly alligned fractuith ealy union,
full weight bearing pain free walking, and full padree ROM in the ankle and knee
joints are the constant objectives of treatmene st course of action should help
achieve these objectives while reducing side effqmrticularly infection prevention.
When limbs are badly damaged, crushed, mangleid, @@mminuted fractures, these
objectives might not be reached. The range of atdios for treating tibia shaft
fractures both surgically and non-operatively i seing worked out. Even though it
was once widely utilized, non-operative treatmenhow typically saved for certain
stable less-velocity fractures, nil or less dispthéractures brought on by less-energy
traumd. Operative management allows early motion, stéiiation, correction of
deformity, and avoids complications associated \iitimobilizatior!. Patients with
swollen or obese limbs may have difficulty maintagn alignment with casts or
braces. Reduction may be impaired in patients whe @oncompliant with
conservative management, while delay in the uniath @on-union are common in
patients who do not weight bear for longer peridgistrently, the preferred course of
treatment for open fractures, fractures associatéil vascular injury, compartment
syndrome and close injury with significant softstis involvement is operative
treatment. External fixation, intramedullary interking nail fixation and open
reduction with plate and screw fixation are optidas treating fractures for which
closed therapy is not appropriate and many stuldédween intramedullary nailing
and casting have shown that the former resultseiteb functional scores and also

higher union rates. Even though many studies detraiaghat intramedullary nailing
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is better than casting, additional comparative aege is required to validate these
findings and create stricter treatment recommeadsti ‘A recent international
survey found that surgeons favour intramedullarylinga over other fixation
techniques (Bhandari et al.). Current recommendatior the therapy of open tibial
shaft fractures support operative care (Giannoudis al, Okike and
Bhattacharyya%'°. But when it comes to the decision between ‘reamat
‘unreamed’ IMIL nailing for fractures of tibia, drvpedic traumatologists' practice
patterns still differ significantly (Bhandari et.8? and while a recent systematic
analysis (Forster et &) indicated greater non-union rates linked to umeg nailing,

it was based on only three studies with significaethodological flaws.

Currently, the most adopted treatment protocofffactures of tibia diaphysis
needing operational fixation is IMIL Nailing. Indctures around the metaphyseal-
diaphyseal junction, plating is typically utilizedror severe open fractures and
fractures with periarticular extension, externadafion is helpful. When limbs are
severely damaged, amputation should be taken irdgosideration. Reamed
intramedullary nail fixation is often used to tradisplaced and unstable tibia shaft
fractures because numerous studies have demodsthatiethis method yields better
functional outcomes and lesser complications in gansion to nailing without
reaming, external fixators, plate and screws oftingl$. Rotational malalignment is a
potentially dangerous but frequently overlooked semuence of this procedure.
Torsional abnormalities can cause knee and ankhsjovear and many functional
difficulties in addition to cosmetic problefds

Little is now understood regarding the degree tdtron that is relevant, what
amount of mal-rotation is significant that occuftealMIL nailing, or the indications

for correctiod?. Malrotation after tibial intramedullary nailing rarely documented in
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the literature; in major investigations, the incide ranges from 0% to 6%'* The
aim of intramedullary nailing is to promote boneamand get accepted tibia's length,
alignment, and rotation. It also has benefit ofuiregg less surgical dissection, and
also the implant acts as ‘load-sharing mechanipnoyiding not only biomechanical
fracture stabilization but also enables early patrobilizatiort®. In order to enhance
patient outcomes, malrotation in particular habeémddressed because it significantly
impairs both the patient's physical and mental th®al The objective of
intramedullary nailing is to maintain the origin@ne length while achieving a quick
union with appropriate axial and rotational aligmté

Following the treatment of fractures of tibia digpts with closed
intramedullary nail, any alteration in the tibiardion, whether it be external or
internal, is referred to as malrotattinConcerns have recently been expressed over
the significant frequency of malrotation that haset documented after tibia IMIL
nailingt’.

In addition to causing cosmetic abnormalities arnging the loading
characteristics in nearby joints, axial or rotatiomalalignment and shortening can
accelerate the onset of post traumatic arthritleer& is uncertainty regarding how
much shortening and misalignment is significantlaignment of the distal tibia may

not be tolerated as well as more proximal malaligninshortening.

Accepatible suggestions Usually we aim to
by literature : achieve:
Shortening 10 to 20 mm <15 mm
AP mal-alignment 5-20 <10
Valgus &Varus mal-alignment 4-%0 <50
Rotational mal-alignment’ 5-%0 <10

Table 1: acceptable measurements and what we sheui to achieve
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In most of the studies torsional variation of méman 10° (range 5-15°) is
significant with respect to the unaffected limb vamsidered malrotatidh Due to
the development of more precise methods for meagutibia malrotation, the
reported incidence in subsequent research hasas®defrom 23%-36% from the
extremely low prevalence seen in the first invedtans, which ranged from 0% to
6%'’. When tibial malrotation is measured clinically,is stated to have a 0-6%
incidence in many studies. However, when other oreasent techniques, including
computed tomography scanning, are used, the inoc&denreported to be 22-36%. A
study discovered that rotational mal-alignment es 0% of the timt.

The standard surgical procedure for inserting aN iflgr a tibial shaft fracture
is the infrapatellar route. The quadriceps muscishps the proximal fragment into
extension, causing angulation abnormalities angnfient displacement, making this
method challenging to apply appropriately in proadirthird tibial shaft fracturé&
‘Proximal 1/3° and segmental fractures of tibia frequently goto imalgus and
‘procurvatum’ due to the deforming muscle foréésFurthermore, one of the most
common side effects following IMN implantation i®rpistent postoperative knee
discomfort, with reported incidences ranging frotntd 80%4°%°. The severity of tibia
fractures can vary, resulting in serious injuriesl &#’raumatic amputations, as well as
undisplaced fractures with little soft tissue igjuirhe therapy of tibial fractures is
more difficult due to certain anatomical factorsirst presented in 2000, the
semiextended method for tibial IMN insertion watetachanged into the suprapatellar
approach®. It avoids the patellar tendon, aids in fractueduction, and has easier
access to the proximal tibia entrance point. Funtloee, the lower limb's extended
posture makes fluoroscopic imaging simpleAccording to Zhan et al., suprapatellar

technique may be useful in preventing degenerdinae joint disease and lowering
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the occurrence of postoperative knee ffaiMNevertheless, a few investigations
suggested that an intraarticular damage could fossible side effect of this method.
The results of suprapatellar nailing are scarceported in the literature, despite the
well-established results of typical infrapatellailimg.

In this study we will determine the rotational aligent in tibia diaphyseal

fractures with the suprapatrellar semi-extendedsugrstandard infrapatellar entry

tibia nailing techniques.
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Aimsof the Study

AIMSAND OBJECTIVESOF THE STUDY:

Assessing the degree and incidence of tibial rotational malalignment with
novel suprapatellar semi-extended entry nailing approach compared to traditional

infrapatellar entry nailing techniquein tibial diaphyseal fractures.
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REVIEW OF LITERATURE

When it comes to managing closed tibial fractuB&spercent of orthopaedic
trauma surgeons chose operative protocol. Lockell Ihiil is now the preferred
management option for tibia shaft fractures, incigdtype 1, 2, 3A closed, open
fractures. Busse et al polled orthopaedic surg@oricauma regarding treatment of
fractures of tibi&. They found that 80% surgeons preferred operatis@agement
for closed tibial fractures. Moreover, the ability proximal and distal locking of
IMIL nail provides stability . In anatomical defoities, or wounds on nail entrance
site and open physes nailing is not advided

Almost fifty years after Kiintscher invented clowad and V-shaped nails in
the 1930s, rigid IMIL nailing became a commonly disend acceptable management
protocol. Old studies tell that ninety seven petage of open and ninety eight
percentage of closed fractures managed using Kligtstraight unreamed nails had
good outcomed. The modification of this nail to allow easy eninto medulla by
giving a bend to nail is done by HERZOG. To bodst strength and rotational
control of the nail while simultaneously improviitg fit inside the tibia, some authors
suggested reaming the medullary canal. Nails withriocking screws were created
by Kempf, Klemm, Grosse, and Schellmann in the $9@0d this led to an expansion
of using IMIL nail to encompass much lower, proximand more un-stable
fracture€®. When a nail's diameter is increased, biomechhnésailts indicate that
fracture site mobility is much improved. By allowithe use of bigger diameter nails
and reaming improves stability by enhancing enddstentact between the nail and
bone and also resisting fatigue faiffreWriters also cautioned against employing
reamed interlocking nails in dynamic or basic matating the bulk of difficulties in

their series happening with dynamic locked naibsspite the excellent outcomes of
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these nails, especially in closed fractures. Fatalvie and displaced tibia diaphyseal
fractures, IMIL nail fixation is still the preferdecourse of treatment. By creating a
bone union, intramedullary nailing attempts to repgae broken tibia's length,
maintaining the acceptable rotation and alignmang. It also has the benefit of
providing biomechanical fracture stabilization, Koay, rotatory stability, and early
patient mobilization.

There are often complications associated with siggeand IMN for tibial
shaft fractures is no exceptiowhen IMIL nailing is used for tibial fractures, tiee
have been high documented occurrences of malrotati@lunion, and nonuniom\
potentially dangerous yet frequently overlookedesedfect of intramedullary nailing
of tibia is rotational malalignment. Torsional abmalities can cause lower limb
arthrosis and many functional abnormalities in &iddito cosmetic issues. The true
occurence of malrotation after IMIL nail fixatiorf tihia, the amount that is relevant,
and need for correction are currently poorly unaed. Malrotation that occurs after
tibia IMIL nailing is rarely documented in the liggure, with many studies reporting
an incidence ranging from 0 to 6 percentag€ibial malrotation manifests in subtle
ways that may even go unnoticed until the patidanhiifies some issue, likely more
common in lower degrees of malrotation. The patraay be able to identify tibial
malrotation on their own, particularly if the fooés an aberrant cosmetic look.

Because of the significant size difference in ibelk proximal third between
the wide tibial metaphysis and the tibial nail, aligihment occurs more likely in
proximal-third fractures than in other tibial shéfictures treated with IMIL naf&
The most frequent abnormalities observed are amtdisplacement or apex anterior

angulation and valgus angulation proximal fragmémt.entry portal that begins too
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far medially and oriented laterally may result sgus deformity. This kind of portal
direction can result from a medial parapatellaision due to patella impingemé&ht
Nail direction that is very posteriorly orientedaportal which originates very
distally over the tibia can both result in antergisplacement of the proximal
fragment or apex anterior angulation. Nail wedgagginst the cortex may result in
displacement of proximal fracture fragment antdyidrthe nail's proximal bend is at
or slightly beneath the point of the fracture. #ilris locked proximally with flexed
knee , the proximal fragment may fall into extensés a result of the patellar tendon
being pulled. The occurrence of this problem hasnbsignificantly decreased by
technique modifications, such as more accurate guartal placement and the use of
additional fixation in the form of unicortical pks, polar screws blocking screws and

two-pin external fixators,

The literature tells that, although being a fredlyeperformed procedure,
intramedullary nailing of the tibia lacks a stardlaechnique; it is possible to
speculate that this lack of standardization isctéofain the reported problems. In order
to improve patient outcomes, it is crucial to addrecomplications such as
malrotation, which in particular has a significarggative influence on the patient's
physical and psychological health. IMIL nailing bgicarried out as a closed surgical
procedure with accurate reduction done under radpigc imaging and clinical
assessment; yet, in practice, malrotation has Weported to occur nearly thirty
percent of the tim&2%3% Tscherne-led Hanover group has reported that, gn2dn
patients receiving unreamed IMIL nailng for closédgh-energy fractures of tibia
with comminution, the incidence of malrotation whaeasured clinically was around

15 percentagé. This study's findings also points a specific @attof injury that
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might be vulnerable to malrotation. There seemsbéo a correlation between
significant rotational malreduction and high energgcturse, more prereduction
displacement, and distal 1/3tibia fractures. According to this study, morari20%

of patients, or one-quarter of the total, had aderce of rotational malalignment of

more than 10° when measured radiologically .

According to a literaturde review on incidence ibfal malrotation following
IMIL nailing by Andre Coelho Fernandes, Jenniferukd, Karanjeet Sagoo, and
Kamalpreet S. Cheema, while intramedullary nailiisg the preferred fixation
technique, it's critical to recognize the signifitarisk of malrotation and the
detrimental effects it can have on a patient'sityuef life3l. This systematic review
identified gaps in the literature and in the wagsi patients are managed and
recommended that, in order to improve outcomesyséematic approach utilizing
GIRFT i.e, "Get It Right First Time," validated rabperative assessment tools, and

postoperative imaging should be used.

The considerable degree of variability in tibiaksion contributes to the
technical complexity and difficulty in evaluatingtational alignment after surgery
According to a study by “Nikhil Ponugoti, BranavRadran, Amr Selim, Sam Nahas,
and Henry Magill”, although malalignment is onetbé known side effects of tibia
intramedullary nailing, itis made more difficult tcurately recognize tibial torsion
due to absence of a standardized and trustworthiiatdor clinical or radiological
examinatiof®. Hutter and Scott first proposed in vivo assessmesing standard
radiography in adult patients in 1949, and othespie later updated the idea. But

majority of these techniques have been found to umeeliable and non-
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reproduciblé* The use of conventional fluoroscopy for intraopigeaassessment has
been well-documented by Clementz and Magnu8sdiney have demonstrated that
this approach can be precise and reproducibleaat in their own research. In 1980,
Jakob et al. conducted research on the assessrhéibiab torsion using CT and
concluded that “The accuracy of the data was coafparto that of cadaveric

skeleton measurement when they were compared ¢o wi&asuring techniques”.

Malrotation can be measured both clinically, radigdic intraopertively and
postoperatively.ln terms of radiographic results, anteroposteriod dateral tibia
radiographs taken after surgical fixation were uded measure the anatomic
alignment. For both upper amd lower "1/8bia fractures, infrapatellar nailing is a
technically challenging treatment that has histilyc presented challenges in
minimizing deforming stresses and preserving pré@ature reduction in the sagittal
plane. In the hyperflexion posture, proximal tibfaactures frequently result in
malreduction and an apex-anterior deformity in shgittal plan&. Freedman et al.
studies showed “almost 58% of proximal one thietfures were malaligned (defined
as 5° angular deformity in any plane) compared ity @% of midshaft fractures
during last follow-up®’.

If there is a doubt of malalignment during or afsrrgery, computerized
tomography is the recommended imaging techniqueesinis effective, dependable,
and independent of observer bidsstudy on rotational malalignment after reamed
IMIL nail fixation in tibia fracture done by S. Ragki, MD, C. Romano, FRCSC, R.
Buckley, FRCSC, and J. Powell, FRCSC explained ‘ttaasional mal-alignment be
considered as a likely cause for less than optireallt after treatment of tibial

fractures by closed IM nailing and to investigakés tfurther by performing CT
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scans*2The incidence of tibial malrotation post intramialy nailing in tibia
fractures is reported to be as high as 22—-36% etiier measurement options such as
CT scannind?=8 “A 24% rate of malalignment in fractures of distidia treated with

infrapatellar nail insertion” was reported by Vatliet af°.

Because of the various corrections made during imgagthe traditional
technique of infrapatellar tibial nailing(IPN) rema technically hard although it is
the standard care of manageni®rthis method necessitates a flexed knee to insert
the nail which is more challenging to use in upp&® fractures because of the
action of quadriceps muscle which pushes the pralxfragment into extension and
thereby causing fragment displacement along withoabalities in rotation and
angulatiori®.

A unique approach was developed with 20-30 dedesd knee to alleviate
drawback of infrapatellar nailing. This is introducfor first time in 2000 which was
later modified to suprapatellar nailing techniju@o prevent the proximal fragment
falling into extension deformity, Tornetta et aivd®d a method of tibia nailing in a
semiextended position of knee with medial parafmtelrthrotom§*. This method
eliminates the issues of hyperflexion leading tagfment malalignment, reduces
fracture easily, and makes radiographic imagingdesand easier. Later on, this
technique was modified by newly developed instruisiethat enable a more
percutaneous application of this procedure simipigythe proximal tibia entrance

site, aiding in fracture reduction, and preventiigsection of patellar tendon.

Since suprapatellar nailing provides a more preergey point and reduction

of fracture, it is a frequently utilized surgicatchnique now a dayfs *° “This
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technique produced excellent tibial alignment, yeamion, and painless and better
knee range of motion” as demonstrated by Sandeas ¢te recently published the
results of a series of 55 patients who had supeipatsemiextended tibial nailing
technique. His study had follow up until 12 mon#iter surgery with radiographic,
clinical, MRI and even arthroscopy. One importainding that the authors of this
study found was after a year of follow-up, in comgen to infrapatellar nailing, there
are no appreciable differences in pain, disabildy,knee range of motion with
suprapatellar techniqffe Furthermore, easier fluoroscopic imaging is mpdssible
by the semi-extended position of leg and also #edrof using reduction tools like
blocking or polar screw have been reddéeth view of malrotation in tibial shaft
fractures, “Courtney et al. reported that the mystrative sagittal plane malalignment
is lower in the SP group (2.90°) than in the IPugprq4.58°)" 4% “Less severe
malalignment with the SP group has been proposedistal tibia fractures by
Avilucea et al. and Lu et df* According to Kulkarni et al, SP group showed less
postoperative malalignment in extra-articular prnoad tibia fractures compared to IP
groud®. All being stated the main reason behind thisnisirifrapatellar nailing
technique, hyperflexion of the knee might makeffiallt to maintain alignment and
prevent the best entry point, particularly in casdsproximal and distal tibia

fractureé® 4’

Intraoperative fluoroscopy was also challenging tine conventional
infrapatellar technique for tibia IMIL nailing as involves holding the hyperflexed
knee due to the fluoroscopy machine's many adjugsifeMoreover, when the tibia
is longer than 40 cm, the proximal section fluoopscimage may be difficult to

obtairf®, But in suprapatellar approach, knee positioningthe semi-extended
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position facilitates improved access for intraopieea fluoroscopy. Consequently,
throughout the surgical process, we can get imageall views with minimal

adjustments in fluoroscopy machffie

Recently, Ponugoti, N. et al. conducted in a metysis that, “when it
comes to knee pain and functional outcomes, supgdgraapproach for IMIL nailing
of the tibia did not outperform the intra-patelachnique®®. But, a recent RCT done
by Q. Sun et al. demonstrated that the suprapatgiaroach was superior in view of
functional knee outcom#&s “According to Leliveld and Verhofstad, 38% of jeats
who had infrapatellar incisions experienced chrdmee pain as a consequence and
there was a substantial and persistent prevalericéatmgenic injury to the
infrapatellar nerve following infrapatellar intrachdlary nailing of tibia®*. An injury
to this nerve seemed to be linked to knee pairoviotig surgery. Where as in
suprapatellar technique, the patellar tendon afrdpatellar nerve were not at risk
theoretically because the incision will be proxin@lpatella followed by passing the

nail in the trochlear groove.

According to Zhan et al., the suprapatellar techaiglso useful in prevention
of degeneration of knee joint and lowering the ommnce of postoperative knee
pair’®, “Furthermore, with a reported incidence rangingnf 10% to 86%,
postoperative anterior knee pain is a significaamhmon complication, although not
frequent consequence following infrapatellar IMNsértion® 20 50 The following
explanations have been put forth: Anterior KneenPEGAKP) may result from
intraarticular damage, infra-patellar nerve damags| protruding during or after

surgery, or the nail insertion point. It may alssult from the longitudinal division of
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the patellar tendon fibres during the transtendénteghnique in infrapatellar nailiffg

52,53 The suprapatellar technique, on the other haoigntially avoids these possible
sources of anterior knee pain because the incisiamade proximal to the patella. As
it is thought that knee function and the intensify knee pain are inter-related,

suprapatellar technique may promote improved kaeetion recover}f.

One main issue with the suprapatellar technigubasntra-articular cartilage
injury to the Patello-Femoral joint during insertiof nail trans-articular manrér®’.
The incidence, degrees of severity of articular agenwith suprapatellar technique is
still under investigation. One study done Bgnes M, Parry M, Whitehouse M
indicated a “22% risk of trochlear articular injunyth suprapatellar nailing; however,
these patients were early in the series, and theltsewere attributed to technical
errors™®. Through cadaveric research, Gaines et al. folrad the suprapatellar
approach resulted in a less overall incidence tfwdar structural injury compared to
the infrapatellar methd® However, “patellofemoral contact pressures were
discovered to be higher in the suprapatellar pamtabntrast to conventional methods
in another recent cadaveric study doneZaynora R, Wright C, Short A, Seligson
D”%°. They found that the pressure applied was less Wisat was required to cause
cartilage degradation. Gelbke et al. studied tithbagh suprapatellar IMIL nailing
raises patella-femoral contact pressures, thesssymes are still less than those
associated with the degeneration of articular leg@®. Chan et al studies showed
that “five patients in his suprapatellar group leaibence of chondromalacia patellae
at lyear on MRI. But, the findings didn’t correlatéh either the post-nail or pre-nail
insertion arthroscopy, and not even 1 patient e Sluprapatellar nailing group with

post-nail insertion arthroscopic changes had Rakmoral(PF) joint pain at one
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year’®!, Thus, when transarticular nail insertion was dquagella femoral joint injury
could be carefully avoided intraoperatively. Fodiéidnal research regarding the PF
joint pain incidence and severity, more RCT studmth big sample sizes and

extended follow-up are required.

Guide wire, Reamers, Instruments, and the nail rrasel through the joint
during suprapatellar nailifg) Hence, the danger of postoperative sepsis ikrike is
speculative, particularly in cases of open frau&ome studies by Mitchell told that
treating open tibia fractures with suprapatellaprapch showed a low rate of knee
sepsié?. Marecek et al. conducted a multicenter comparigbrSPN versus IPN
techiques in the management of open fractures asdowvkered no discernible

variation in both groups' risk of knee infection.

It was crucial to reduce intraoperative blood lbesause doing so could speed
up recovery and mobilization. There aren't many BR@#t detailed or compared the
total blood loss from different surgical options fadctures of tibia shaft. The meta
analysis study done by Yang L, Li G, and Sun Y carmg SPN versus IPN for
fractures of tibia shaft found that the suprapatetechnique significantly reduced

total blood los®.

Overall , opinions on whether the suprapatellahtéque is better than the
infrapatrellar technique are inconsistent. Takidigstudies into consideration, we
want to study about the rotational malalignmenthesmost significant complication
of the tibia IMIL nailing due to not only its poteal to accelerate the degeneration of

knee and ankle joint but also many functional aosiheetic abnormalities that could
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have detrimental long-term effects on quality &.liThe literature that is currently
available suggests that supra-patellar nailing upegor to infra-patellar nailing;

nevertheless, drawing conclusions is difficult dosubstantial limitations in the data.
This RCT experiment was carried out to ascertaiidence and degree of rotational
malalignment as primary result using suprapatelsnpared to infrapatellar insertion
of intramedullary nail in tibial diaphyseal fractsr in order to provide stronger

clinical recommendations.

ANATOMY OF TIBIA SHAFT :

The bigger and medial bone of the leg is calledithia, or shin bone in Latin.
It is comparable to the upper limb's radius. Theme two large, flat condyles on its
upper end and a prismoid shaped shaft betweenenolh
How are sides determined?
1. The lower end's medial side extends below theanmeder of the bone. The term
"medial malleolus" refers to the projection,
2. The top end is significantly bigger than thettwt end.

3. The shaft's most noticeable and crest-like bosdlcated at the front.
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Figure 1 — showing parts of tibia and fibula bones.

The anterior and interosseous borders are separgtdte lateral surface. It is

concave and oriented laterally in its top threertfiosi and forwards in its lower one-

fourth.

Between the anterior and medial boundaries is thdiahsurface.
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Figure 2:showing various borders and surfaceshd tind fibiula
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Figure 3 : showing varoius attachements over sifdibia

Attachments on the Shaft:
1. The soleus originates from the soleal line. Singerficial transverse fascial septum,
the fascia covering the popliteus, and the fadu# dvelies soleus is connected to

soleal line.

2. The insertions of the sartorius, gracilis, aachigendinosus are received by the top
portion of the medial surface, going rearward frewefore. The tibial collateral

ligament attaches to this surface even more posigralong the medial boundary.

Page 22



Review Of Literature

3. The upper 2/3 of the lateral surface give birth to the tibialanterior.
4. The interoosseous tibiofibular ligament is dittto the rough upper portion of the

fibular notch.

5. The flexor digitorum longus originates in thedia area of the posterior surface

beneath the soleal line, whereas the tibialis piosteriginates in the lateral area.

6. The popliteus is positioned on the posteriofasg in the triangle area over the
soleal line.
7. The lower end of articular surface is where dh&le joint's capsular ligament is

joined. The deltoid ligament is attached to thedratborder of the medial malleolus.

8. Situated along the anterior edge of tibia aeeléy's deep fascia and the superior

extensor retinaculum.
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Figure 4: showing muscular origins and insertionslbaft of tibia.

Relations :

1. The Tibialis Anterior (TA), Extensor Hallucis hgus(EHL), the deep peroneal
nerve, the anterior tibial artery, the peroneusugrand the extensor digitorum longus
cross the anterior surface of the shaft at its topat and the lower end’s anterior

aspect from medial to lateral side.

2. From medial to lateral side, the Flexor Digitoutongus(FDL), the tibial nerve,

the posterior tibial artery, and the Flexor Hallutiongus are related to the posterior
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surface of the shaft at its lower part and the logred's posterior aspect. The tibialis
posterior is situated in a groove. On the postesioface of the medial malleolus, the

groove for the tendon of the tibialis posterioresxds downward.

3. The great saphenous vein crosses the lowesbipdue shaft's medial surface.

Tibia Blood Supply:

The largest nutritional artery in the body suppllésia. The proximal end of
the vertical ridge on the posterior surface of bome is where the branch of the

posterior tibial artery enters the bone, and diiected distally from there.

Osteology of tibia:

The tibial diaphysis is incredibly strong and hasss section of triangular
shape with thick cortices. More than 80% of theghiein the leg is supported by the
tibia, which is the primary weight-bearing b6h&° Age-related decrease in cortical
thickness make the tibia more vulnerable to lowesrgy damage mechanisms. The
distal and proximal metaphyseal bones are compahativeaker than the tibial
diaphysis. Throughout the leg, the fibula is posiéd posterior and lateral to tibia,
and a thick interosseous membrane connects thédwes. The distal tibial articular
surface has an external rotation of approximatéf/(thean 21.6 + 7.6; range 4.8 to
39.9) with respect to the proximal articular surfacenisT phenomenon of tibial
torsion is part of normal anatofy°”. As a result, a standard anteroposterior image of
ankle and a standard anteroposterior view of theelksannot usually be acquired on
the same radiograph. The lower extremity's meclaaiaixis passes just medial to the
knee's center, starting at the center of the fdmead and ending at the center of the

distal tibia at the ankle.
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The tibial articular surfaces' proximal and distaffaces are not quite parallel
normally. Generally, the articular surface of didihia lies at 90 degrees to the
mechanical axis of tibia (LDTA- lateral distal @hiangle = 96), while the articular
surface of proximal tibia is somewhat slanted méd{®PTA-medial proximal tibial
angle= 8%). These values aid in the assessment and comasttimalrotation in tibial
fractures as well as in the planning of the coroecdf multiplanar congenital or post-

traumatic abnormalities.

CLASSIFICATIONS OF TIBIA DIAPHYSEAL FRACTURES

AO/OTA classification which separates fracture® ititree basic types, these
being simple fractures (type A), wedge fracturgpétB), and complex fractures (type
C). Each fracture type is divided into three growpéch denote increasing severity of
injury.

As mentioned before, the state of the soft tisgwesthe most influence on
how tibia diaphyseal fractures are treated. Assaltewithout also classifying the
related soft tissue injury, the classification dfidl fractures in clinical practice is
meaningless. Closed fractures are categorized tisengscherne classification, while
open fractures are categorized using the Gustissdication. The primary purpose of
these classification is to characterize the sefiue damage connected to closed and

open fractures, respectively.
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Type 1 Wound < 1 cm , minimal soft tissue damagka@mtamination

Type 2 Wound > 1 cm but < 10 cm without extensioft 8ssue damage

flap , or avulsion

Type 3a Opeb segmental fracture , wound > 10 cnh wktensive soft

tissue damage but adequate soft tissue covergugriebteum

Type 3b Wound > 10 cm with extensive soft tissuenaige , significant

contamination, inadequare soft tissue to covelopgEum

Type 3¢ Any open fracture with accompanying vaacuhjury requiring

repair

Table 2 : data from Anderson JT, Gustilo RB. Infatiprevention in the management
of 1,255 open long bone fractures: retrospectivd prospective analysis. 1976;
58:453-8; J Bone Joint Surg Am.

‘0 S

‘o%o_

Figure 5 : The closed fractures classification lsgherne:
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CO - a simple fracture pattern with minimal or solft tissue damage;
C1 - fracture pattern of mild to moderately sevarsuperficial abrasion;
C2 - fracture pattern of moderately severe withssantial skin or muscle contusion

combined with deep contamination;

C3 - fracture pattern of severe or in combinatidth extensive skin contusion or

crushing.
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Subgroups and qualifications:

Tibia/fibula, diaphyseal, simple, spiral (42-A1)

(1) proximal zone

(2) middle zone

(3) distal zone

1. Fibula intact (42-A1.1) 2. Fibula fracture at different level 3. Fibula fracture at same level
(42-A1.2) (42-A1.3)

g

Tibia/fibula, diaphyseal, simple, oblique (>30 degrees) (42-A2)

(1) proximal zone

(2) middle zone

(3) distal zone

1. Fibula intact (42-A2.1) 2. Fibula fracture at different level 3. Fibula fracture at same level
(42-A2.2) (42-A2.3)

W

Tibia/fibula, diaphyseal, simple, transverse (<30 degrees) (42-A3)

(1) proximal zone

(2) middle zone

(3) distal zone

1. Fibula intact (42-A3.1) 2. Fibula fracture at different level 3. Fibula fracture at same level
(42-A3.2) (42-A3.3)

RLRiE

figure 6 : AO/OTA classification for diaphysealimple fractures of tibia (42-A).

Page 29



Review Of Literature

Tibia/fibula, diaphyseal, wedge, spiral (42-B1)

(1) proximal zone

(2) middle zone

(3) distal zone

1. Fibula intact (42-B1.1) 2. Fibula fracture at different level 3. Fibula fracture at same level
(42-B1.2) (42-B1.3)

2l

Tibia/fibula, diaphyseal, wedge, bending (42-B2)

(1) proximal zone

(2) middle zone

(3) distal zone

1. Fibula intact (42-B2.1) 2. Fibula fracture at different level 3. Fibula fracture at same level
(42-B2.2) (42-B2.3)

gl il

Tibia/fibula, diaphyseal, wedge fragmented (42-B3)

(1) proximal zone

(2) middle zone

(3) distal zone

1. Fibula intact (42-B3.1) 2. Fibula fracture at different level 3. Fibula fracture at same level
(42-B3.2) (42-B3.3)

g I

Figure 7 : AO/OTA classification for diaphyseal eage fractures of tibia (42-B).
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Tibia/fibula, diaphyseal, complex, spiral (42-C1)
(1) pure diaphyseal

(2) proximal diaphysio-metaphysis

(3) distal diaphysio-metaphysis

1. With two intermediate fragments 2. With three intermediate fragments 3. With more than three intermediate
(42-C1.1) (42-C1.2) fragments (42-C1.3)

Cc1 lﬂgé
Tibia/fibula, diaphyseal, pl g 1 (42-C2)

1. With an intermediate segmental 2. With an intermediate segmental 3. With 2 intermediate segmental
fragment (42-C2.1) and additional wedge fragment(s) fragments (42-C2.3)

(1) pure diaphyseal (42-C2.2) (1) pure diaphyseal

(2) proximal diaphysio-metaphyseal (1) pure diaphyseal (2) proximal diaphysic-metaphyseal
(3) distal diaphysio-metaphyseal (2) proximal diaphysio-metaphyseal (3) distal diaphysio-metaphyseal
(4) oblique lines (3) distal diaphysio-metaphyseal

(5) transverse and oblique lines (4) distal wedge

(5) Three wedges, proximal and distal

C2 E

Tibia/fibula, diaphyseal, complex, irregular (42-C3)

1. With two or three intermediate fragments 2. Limited shattering (> 4 cm) 3. Extensive shattering (> 4 cm)
(42-C3.1) (42-C3.2) (42-C3.3)

(1) Two intermediate fragments (1) pure diaphyseal

(2) Three intermediate fragments (2) proximal diaphysic-metaphyseal

(3) distal diaphysio-metaphyseal

C3 '

Figure 8 : AO/OTA classification for diaphysealonaplex fractures of tibia (42-C).
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MECHANISM OF INJURY:

Tibial fractures are bimodally distributed, withwleenergy spiral patterns
being common in patients >50 years of age and highgy transverse and
comminuted fractures more common in patients <3FgyeAmong patients age®5
years tibial fractures are almost three times npoegalent in women than in matés
In younger patients, males are roughly twice aaljilas females to have high-energy
fractures of tibi&.Low-energy tibial fractures are most frequentlysid by sports
injuries and falls from a standing height. The esponding sports events differ
according on the population. For instance, accgrtiina British research, up to 80%
of sports-related fractures are caused by injwigssained in soccg€r

The most frequent cause of high-energy diaphyseatures of tibia is road
traffic accidents (RTA). According to Court-Brownd&McBirnie's research, between
1988 and 1995, road traffic accidents accounted 3615 percentage of tibial
diaphyseal fractures mostly affecting pedestri&®2 percentage of cases), followed
by motor vehicle crashes (17.3 percentage) andmatie crashes (22.4 percentage).
in a research on injuries sustained by pedestridosording to Burgess et al, 65
percentage of patients had open fractures of Gustile 11’273 and 30 percentage of
tibial fractures were bilateral in pedestridn©ther high-energy tibial fracture causes
include falls from a height (6.2 percentage) andals (4.5 percentage), which
usually include a direct blow or a gunshot wound.

Treatment and outcome planning for tibial diaphys€tures are essentially
determined by the extent of the concomitant sefiug injury, possibly more so than
for any other bone. Tibia open fractures are morarmon with reported rates ranging
from 12 — 47 percentage due to its subcutaneougeajadepending on the type of

treatment center and patient populatford®> With high-energy mechanisms, open
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fractures are considerably more common—up to 68gmage of cases have been
observed in motorbike crasi&sCompared to other injury sites, tibia open fraesu

are more frequently type 11IB fractures that neleg) toverag®.

ASSOCIATED INJURIES:

Compartment Syndrome:

The development of compartment syndrome is moedylikn cases with tibial
diaphyseal fractures. 1.5% to 11% of tibial fraesihave been observed to result in
compartment syndromi® Every patient with a tibial fracture should belesated for
the likelihood of compartment syndrome because ssed diagnosis might have
catastrophic effects on limb function or possiblsult in renal failure due to
rhabdomyolysis.

Ankle Injuries :

Ankle injuries occur in association with approxielgtone fifth of tibial diaphyseal
fractures and can include lateral ligamentous cemgisruptions as well as fractures
of medial, lateral and even posterior mall€oliSpecific surgical treatment of the
associated ankle injury is not necessarily recond®eénn all cases. CT evaluation of
the ankle can be helpful to identify undisplacediiakor posterior malleolar fractures
prior to surgery to assess the need for clampirfigkation to prevent displacement of
these fractures during intramedullary (IM) nailirigosterior malleolar fractures are
reported in association with 8% to 9% of tibial ghgseal fractures, and there is a
high correlation with spiral fractures of tibialsthl third (25% to 39%§ . The
detection rate of these injuries is significantigreased when a protocol is in place

for preoperative CT scanning of distal tibial fraet<®.
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Floating Knee Injuries:

Floating knee injuries are femur and tibial fraesithat occur in ipsilateral
limb. Fractures of the femur and tibial diaphysesdassified as type | injuries; type
[IA fractures affect the knee joint; and type lIBjuries affect the hip and/or ankle.
Usually, these coupled patterns of injury are cdusg high-energy mechanisms.
Reported rates of associated vascular injury (248€)open fracture (62%) are higher
than expected based on the rates for the two @bliajuries combinéll. Although
the results that have been documented in the past een relatively poor, internal
fixation can produce good to exceptional resultemvireating both fractures. Severe
open tibial fracture or intra-articular involvemeot the knee (type IIA) are risk
factors for a bad reséit

Fracture Extension into Tibial Plateau:

Occult proximal extension of tibial diaphyseal fraes into the tibial plateau
is rarer than the extension into the tibial plafardnalleoli described above, but is
equally important. Preoperative CT scanning of khee in all proximal one-third
tibia fractures is recommended to rule out an aatext plateau injury. It is important
to recognize intra-articular knee involvement pragively as it may influence the
choice of implant. A central undisplaced plateaacture can become widely
displaced during IM nail placement and should labized with a clamp or screws
prior to IM nailing being undertaken. Alternativelg lateral plate can be used to
avoid intra-operative fracture displacement.

Knee Ligamentous Injury:

Case reports have been published describing ipsalaknee ligamentous
injury, and even knee dislocation, in patients withial diaphyseal fracturés In a

prospective study using examination under anesth@i% of patients with tibial
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diaphyseal fractures were found to have sustaimednjary to at least one knee
ligament*. Although knee ligamentous injuries are more comigposeen in
association with femoral diaphyseal fractures alo@tihng knees than with tibial
diaphyseal fractures aldile some authors advocate routine knee ligament
examination in all patients presenting with tib@ibphyseal fractures. However,
evaluating the knee ligaments in a patient with w@rstable tibia fracture is
challenging, and as a result, first presentatiothese injuries is likely to result in an
underdiagnosis. Examination of knee ligament stghid more straightforward after
tibial fixation, but a postoperative diagnosis pets the surgeon from altering the
type or position of the implant to facilitate ealilyamentous reconstruction.

Proximal Tibio - fibular Joint Dislocation:

Dislocation of the proximal tibio-fibular joint caaccur in isolation and is
associated with lateral ligamentous instability aretoneal nerve injufy. In rare
cases, proximal tibiofibular joint dislocation caecur in association with a tibial
diaphyseal fracture, usually when the fibula igdff. Widening of the joint can best
be visualized on an internal rotation X-ray followitibial stabilization. Because of
the rarity of this combined injury little data aaeailable to guide treatment or predict

outcomes.

MEASUREMENT TECHNIQUES OF MALROTATION:

Measuring the foot-thigh angle (TFA) is the mostenfused approach in
clinical assessment of malrotation. The measuresntikten along the longitudinal
axis of the foot and thigh are compared by thesomg The measurement can be done
either supine or prone, however the latter is ugwdlosen. When the patient is in the

prone position, their knee should be 90 degreet beir ankle should be in a neutral
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flexion, and both lower extremity axes—the thighd dhe foot—should be measured
using goniometry. The rotational difference is fdumy comparing the thigh foot
angles of two limbs.
Rotational malrotation was defined to be significanthe majority of the studies as a
torsional differnce between the affected and umtédfi limb of more than 10° (range
5-15°)2

Using x-rays, patients are radiographically evadapostoperatively for
rotational malalignment. First, the medial and raltefemoral condyles are
superimposed to get a true lateral view of the kiiéen a true anterio-posterior (AP)
image was obtained by rotating the fluoroscopiciaewinety degrees while the leg
remains immobile. Now, we must internally rotate thmb for 10 to 15 degrees in
order to obtain a mortise view normally. We follalwe same technique in the
operated limb too. An exact mortise view of thelardan be obtained by rotating the
limb 10 to 15 degrees internally, if the fractur@shbeen accurately reduced. If we
need to rotate more than 15 degrees to get a mortesnv of ankle , then it is
considered as external malrotation and if it wass|¢han 10 degrees, it was
considered as internal malrotation.

Patients will be evaluated with computerized toraply also. In a supine
position with both lower limbs in full extensiontia support to minimize movement
during scanning. The proximal and distal transvexses were determined by CT
scanning. The CT images included axial cuts justvalthe proximal tibiofibular joint
and immediately proximal to the tibiotalar artidida of both limbs. Rotation
measurements were made from the CT slices takesn pidximal measurement was
defined as the angle between the tibia postericlexammediately above the fibula

head and the transverse axis . In the distal, thesarement was taken as the angle
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between the line passing from the fibula and tibenter on the slice taken
immediately over the tibiotalar joint and the tre@ise axis . By comparing with the
healthy side, the rotational difference between tthe sides was defined. Positive
values were evaluated as external malrotation aegative values as internal
malrotation. As has been accepted in previous esudin malrotation in literature,
more than 10 degrees between the two extremities acaepted as a rotational

difference

Figure 9: Tibial rotation is measured using CTesién two ways: (a) the angle ‘a

between the tibia's posterior cortex and the trarsg/axes on the proximal slice, and
(b) the angle b’ between the transverse axis onliftal slice and the line that passes
through the center of the fibula and tibia. Theédegtation was measured (a+b), and

the rotational difference was calculated by compait to the healthy side.
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PRINCIPLES OF MANAGEMENT:

Non-operative treatment of all tibial diaphysealctures has been obscured
long time back. In the current developed world, thegority of adult tibial fractures
are treated surgically. The recommended method wgical treatment varies
depending on the location, the age, and the trgimhthe surgeon. A survey of
Canadian orthopedic surgeons published in 2008 stidhat only 20% of surgeons
routinely managed closed tibial diaphyseal fractunenoperatively compared with
30% of surgeons surveyed at the Orthopaedic TraAssaciation Meeting in 1997
“When it comes to nonunion, malunion, return to kyasutcome scores, or time to
union, numerous studies have shown that nonoperatisnagement is linked to
worse outcomes than IM naifé”

Current indications include patients with very hatesthetic risk or fractures
with excellent initial alignment that will requirkttle or no reduction to obtain
adequate alignment. Relative contraindicationscfosed treatment include anything
that prevents effective cast or fracture braceiegipbn or any factor that requires
operative treatmentPatients who are not compliemtiess suitable for nonoperative
treatment because closed treatment necessitateslipefollow-up to monitor for
displacement. When treated properly, displacedaltifriactures without a fibular
fracture require extra caution and close monitosimice they are prone to go into
varus without surgical intervention.

Very proximal or distal fractures that approach tinetaphysis can be difficult
to maintain in acceptable alignment with closed mse@o these patterns are also a
relative contraindication. Patients at risk of camment syndrome, particularly ICU

patients who cannot provide pain information or tipgrate in the physical
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examination, should be considered carefully asscast splints can limit access to the
limb to evaluate swelling of the leg compartments.

Tibial diaphyseal fractures should only be treatedoperatively if adequate
alignment can be obtained with closed reductionweier, there is very little
evidence to say how much malalignment is too rffudnstead, what we have is a
general consensus on threshold values for clossatntent of a tibial diaphyseal
fractures. These values are based largely on titeriarused in a series of 1,000
fractures treated with functional brachfg discussed below, that demonstrated
positive outcomes including a nonunion rate of dhli®o with only 2.4% failing this
treatment because of progressive angulation.

Because of the orientation of the knee and ankietgovarus or valgus
malalignment is thought to be more detrimental ttzgoex anterior or posterior
alignment as the knee and ankle can compensateofoe degree of sagittal plane
deformity. There is thought to be little threshétd rotational malalignment as this
would cause a mismatch between the axis of the larek ankle and impede
ambulation. However, humans may compensate fotioot lower limb deformities
better than previously thought

There is significant variability in published stamds for acceptable
angulation, shortening, and rotation of tibial digpeal fractures. This can make
comparisons between studies misleading and intatme of study results
challenging. Parameters for alignment that are @iabée for fractures of tibia
diaphysis have not been rigorously tested, nortlageeffects of malalignment on
long-term function well studied. Limited animal acaldaveric data suggest that tibial
varus or valgus malalignment of <10 degrees doeseasatt in significantly abnormal

cartilage contact pressures or cartilage degeperatithe ankle or knég®2
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Alignment parameters Acceptable malalignment
VALGUS <5
VARUS <5
APEX ANTERIOR/POSTERIOR <5-10¢
ANGULATION
ROTATION <0-1¢
SHORTENING <10-20 mm

Table 3: Acceptable malalignment in tibial diaprgldeactures:

From Wright PE, Hutchins WC, Anderson LD, et akatting bt casts and
transfixing pins for tibia and fibula fractures.i@yman SA, Baird K. Clin Orthop
Relat Res. 1975;105:179-191. What constitutes eesgtul outcome in the audit of
closed tibial fractures? 1993; 24 (2): 85-89; Kanim G, Olerud S. Treatment
options for tibial shaft fractures are criticallgsgssed. Nicoll EA, Clin Orthop Relat
Res. 1974;105:82-115. fractures involving the titaareview of 705 instances.
Sarmiento A, Latta LL. J Bone Joint Surg Br. 19&43¥3-387. Bracing for fracture
that works. 1999;7(1):66—75; Tornetta P, Finkem€&l&, Schmidt AH. J Am Acad
Orthop Surg. treating fractures of the closed tilifosed unstable tibial fractures,
Trafton PG, Instr Course Lect. 2003;52:607—-622.81280:58—67 Clin Orthop Relat
Res

Technigues—Closed management of Tibial DiaphysesdtBres:

The initial closed treatment of tibial diaphysealctures involves the use of
closed reduction maneuvers as required and theapibiecation of a long leg splint or
cast . Some surgeons perform this procedure urmescmus sedation or even full

general anesthesia to promote patient comfort amptdve the chances of obtaining

Page 40



Review Of Literature

the best fracture reduction possible. A long le@insps initially used to control
rotation. Soft material that has some capacityxfgaad, such as web roll surrounded
by plaster, or bivalving of a fiberglass cast isfprred as these injuries are associated
with significant swelling, and compartment syndromay occur. Casts, splints, and
any circumferential dressing can increase inter@inmental pressure, so these
should be removed immediately in any patient susplecf developing compartment
syndrome.

Failure to achieve an adequate initial reductisman indication for operative
treatment or further attempts at closed reductidowever, unlike nonoperative
treatment of humeral diaphyseal fractures, tibiapbdyseal fracture alignment does
not tend to improve during non-operative treatm&herefore, if the initial alignment
is not adequate, non-operative treatment shoulddamdoned in favor of operative
treatment.

Nonoperative management of fractures of tibia dyaphis done with either
immobilization by cast or functional bracing. Bdtieatment methods involve initial
stabilization in a long leg cast or a well-mouldgaint for 2 to 4 weeks until the soft
tissue swelling reduces and callus formation bé&giffs The long leg cast or splint is
then changed to a short leg patellar tendon-beafiiiB) cast or a fabricated
functional brac®. The advantage of a functional brace over a PT& mathat it
allows ankle motion in addition to knee motion.

The theory behind how bracing and cast immobilaatmaintain tibial alignment
centers around the hydraulic pressure exertedefraloture by circumferential forces
on the noncompressible fluid-based tissues of #we Therefore, a tight, well-
contoured fit is required for the successful maiatee of fracture reduction.

Appropriate moulding is employed at the time ofialicast or brace application and
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subsequent adjustments can be made by reformingrétee or wedging the cast to
correct fracture alignment. A central theory in thenoperative treatment of tibia
fractures is that stimulation of fracture healingcars through functional activity of
the lim.Therefore, early weight bearing is encouraged ipaidateral injuries that
prevent weight bearing are a relative contraindbcato nonoperative treatment of the
tibia with functional bracing%“

Outcomes:

Although nonoperative treatment of tibial diaphyséactures may be less
popular today, Sarmiento has published extensiorlyhe nonoperative treatment of
tibial diaphyseal fractures with his initial degtions of the technique dating back to
the 1966%°° Sarmiento reported a “1.1% nonunion incidencthebiggest series, a
retrospective investigation of 1,000 closed tibidilaphyseal fractures treated
conservatively, with 95% of fractures healing with2 mm of shortening and 90%
with <6 degrees of angulatio¥?. Average final shortening (4.3 mm) correlated
strongly with average initial shortening (2.5 mmgntbnstrating that for closed,
diaphyseal tibial fractures initial shortening istnincreased through functional
bracing and weight bearing. Similarly, this cortigla also suggested that
improvement in initial shortening achieved by ckhseduction was not maintained
through bracing, and therefore unacceptable irstrtening should be viewed as a
contraindication to conservative treatment. Thegtwas limited by its retrospective
nature and a lack of validated outcome scores.

The most compelling outcome data against closeatnrent of tibial fractures
comes from studies comparing closed treatment tadill fixation. A retrospective
cohort study? and several RCTs comparing the outcomes of nonatipe treatment

versus IM nail fixatiof’, favored nail fixation over closed treatment imms of
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outcome. A study of conservative therapy versusngand internal fixation (IM nalil
fixation) for closed tibial diaphyseal fracturessmvaublished by Littenberg et al. in
1998. The reported nonunion rates (ranging from t0%43%) with nonoperative
treatment were similar to those with operativettrest. However, when comparing
nonoperative treatment to surgical fixafl§rthe biggest difference was observed in
the odds ratio of 0.21 for time to union beyondW€eks. The risk of superficial
infection was higher with surgical therapy, anddtimnal results and malunion rates
could not be compared because to data pooling seraral studies.

“Closed therapy exhibited higher rates of nonunimajunion, and infection than
surgical treatment with plates or nails, accordinga systematic review of the
literature that examined 13 RCP%"It should be mentioned, though, that depending
on the study, reoperation rates following operatiadneatment varied from 4.7% to
23.19%°.

Operative Treatment of Tibia Shaft Fractures Iniliees/Contraindications:

“Failure to acquire adequate closed reduction oftfme , open contaminated
fractures, associated vascular injury, a soft @s®nvelope that prevents the
administration of a cast, a patient who is not @apve for closed management, and
patient preference to avoid wearing a cast are gntbe indications for operative
therapy?. Tibial nailing is appealing to many patients atlthicians because it
allows for immediate mobilization of patient andeknand ankle range of motion, less
frequent follow-up, and the ability to immediate igfg bearing. This is especially
true since “the results of RCTs have shown thataipe fixation is preferable to
closed treatment in terms of nonunion, maluniomgications, and time to return to

work”®, Currently, the majority of displaced tibial digsieal fractures are best
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treated surgically, with intramedullary nailing bgi the most often performed

proceduré®.

INTRA MEDULLARY NAILING

“The most typical course of treatment for tibiahlnyseal fractures is IM nailing.
Surgeons favored nail fixation for 96% of closedcfures and lower grade open
fractures, according to an international sur¢®y” “Numerous prospective
randomized trials and a comprehensive assessméme d¢iferature demonstrating the
superiority of nail fixation over closed therapynde credence to this practice

trend187,97,99

PREOPERATIVE PLANNING:

The main preoperative planning step unique to ltingdling is determining if
the fracture pattern is suitable to nail fixatidwlequate imaging must be obtained to
determine that the fracture is not too proximatistal to nail. Often, this requires a
CT scan in addition to x-rays. Simple fracture déirtkat enter the knee or ankle joint
may not preclude nailing, but the surgeon shoulokof this beforehand so that the
surgery can be modified as required to addresstmgonent of the fracture.

Some surgeons routinely perform CT scans of frastur the distal one-fourth
of the tibia as intra-articular fractures have bebserved in up to 43% of the cases,
with coronal shear fractures into the posterior lemdis being the most common
fracture pattertf?2 “Undisplaced fractures can be difficult to apgaee on plain
radiographs and 14% of articular involvement is sl It is advantageous to
know about these articular fractures prior to sy@® that clamp placement or screw

fixation can be performed to avoid displacing trezfure during nailing.
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Further preoperative considerations include thgeam ensuring that the medullary
canal isn’t small for the sizes of nails that avaikable. Companies will differ in the
size of their smallest nail and rare sizes mayhbeostocked in your hospital. Typical
smaller nail diameters are 9 mm or 8.5 mm. Sinyilgoatients who are significantly
shorter or taller than population norms may alsuire nail lengths not routinely kept
in stock. Finally, the surgeon should make sureetla@e no other factors that might
make nailing difficult such as pre-existing kne#frs¢ss, a previous tibial fracture
that might have caused a significant tibial defaynor obliterated the medullary
canal, a total knee arthroplasty, or a large coirtated knee wound.

Tibial nailing is typically performed on a tableathallows imaging from the
knee to the ankle. To help stop the limb's innateléncy to spin externally at the hip,
the patient is put supine with a bump under thédatesal hip. A radiolucent triangle
is placed under the knee and position can be cldadgeng the procedure to allow
different degrees of knee flexion. Tibial nailing@can be performed effectively on a
fracture table. In this setup the knee is hypedteaver a bump, and a traction pin can
even be used distally to help reduce the fracflings technique is effective but has
become less popular as some studies raised conagasling an increased risk of
compartment syndrome secondary to elevated intrpadmental pressures during
nailing with traction. This effect is thought to belated to either traction itself or
compression of venous outflow with the flexed krme a bolster. The clinical
significance of this increase in pressure duringnuais less clear.

IM nailing of the tibia uses fluoroscopy throughdhe case. The C-arm is
typically placed opposite the limb, but some surgeprefer to place the C-arm
ipsilaterally to move the base of the machine afvagn the medial side of the leg

where the surgeon typically stands to place theiahéal lateral interlocking screws.
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This is an option that should be kept in mind gaittirly if the contralateral upper
extremity is being operated on at the same time.

Tourniquets are typically not used by some surgemnsprocedures that
involve reaming for fear of thermal necrosis, altgb this has only been described in
case report§3 Although the evidence for the association betweemnniquet use and
thermal necrosis is not strong and thermal necrpmbably occurs as a result of
reaming small IM canals up to a much larger sizestnsurgeons do not typically use
tourniquets when reaming the tibia. If a tournigiseheeded for debridement of an
open fracture, the tourniquet can be placed irsthgle field and lower on the thigh
So as to reduce the risk of the surgeon forgettiagthe tourniquet is inflated when it

is time to ream the tibia.

INFRAPATELLAR TIBIAL NAILING :

There are two surgical approaches for doing thepatellar nailing of tibia
including, the parapatellar approach and patediaddn splitting approach

Parapatellar approach :

Medial parapatellar approach is commonly used. ferdd parapatellar
approach is used by some surgeons for proximatuiree or in patients in whom
preoperative fluoroscopy indicates that the ideailtisig point appears to be more
easily accessed through this approach. Usuallyskheincision is made 1 cm medial
for a medial parapatellar approach, or in the ceab®ve the knee. Beginning at the
patella's midline, the incision extends outwardltoost the same length as the patella
(figure 10). A longitudinal incision is made alotite patella’'s length, and dissection
is resumed to determine its medial border. Theagudr should stay in the fat pad and

not enter the knee joint.
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Figure 10 : (A) an incision is made midline, pasied above patella's inferior pole.
(B). Next, an incision is made medially to patetlendon.(C) The guide wire is then
inserted.

The usual issue with the medial parapatellar amproia establishing a
beginning position that is adequately lateral ressgatella and patellar tendon tend to
force the starting wire too medially.

A valgus deformity can arise from an excessivelydialestarting point in
cases of proximal tibia fractures(figure 11). Sopatients also have anatomy that
makes obtaining the ideal starting point througls tapproach difficult. One
advantage of the limited medial parapatellar apgraa that it can be extended up to
a full medial parapatellar approach used, whiatoimmonly used for operations such
as total knee arthroplasty. This is usually notunesl but it allows for complete
subluxation of the patella and straightforward plaent of the starting point

regardless of the patient anatomy.
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Figure 11: (A) If the starting point is too medis@maining creates an oblique
proximal channel in the bone. (B) that causes gusldeformity once the nail is
placed. (C) subsequent placement of blocking scaed reaming a correct path

corrects the deformity

Patellar Tendon Splitting approach:

The patellar tendon split is a frequently employeethod that gets rid of the
challenge of inserting the guidewire sufficientitdral using the medial parapatellar
tendon approach. A longitudinal split is producedhe tendon once the incision is
lowered to the tendon. Throughout the procedurecaartions are made to keep the
tendon safe. While some surgeons contend that ingedlke patellar tendon has no
clinical significance, others object to the potahtiarm it could produce.

Since the starting wire passes through the patédladon, it is unable to
sublux the patella away from it, making the patetlendon split technique rather
challenging in achieving the optimal starting argiehich is crucial in proximal tibia

fractures. The beginning wire may tend to tilt postrly as a result. In proximal
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fractures, this can result in an apex anterior icheity, while in distal fractures, it is
less significant.
Technique:

The patient should be positioned supine and ongheftwo approaches
described above are chosen. A starting guide wiptaiced at the starting point. . The
ideal starting point of guide wire should be jusgtdial to the lateral spine on a true
AP radiograph of the knee as demonstrated by tieealaborder of the tibial plateau
bisecting the fibular diaphysis. The lateral staytpoint is just off the articular surface
and should parallel the tibial anterior surfaceisWire placement is aimed slightly
posterior and would be acceptable for distal fractpatterns but might be less ideal

for a very proximal pattern. (figure 12,13)

i

| /) Medial

Correct entry point B

Figure 12 : A: A diagram demonstrating that therectr starting point for a tibial nail
is medial to the lateral tibial spine on the APiogdaph and just anterior to the lateral
surface on the lateral radiograph. B: The corredl starting point is anterior to the

important structures in the knee.
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C D

Figure 13 : (A) and lateral (B) radiographs of kmee demonstrating the placement
of a starting wire (C) hyperflexed position of kneering infrapatellar nailing
(D) hyperflexed positioning while passing the nail.

Since it has been demonstrated that tibial rotatem alter the appearance of
the guidewire position by up to 15 mm, care shdagdaken to ensure that accurate
entry pont is determined from a correct AP radipbraAs such, it is crucial to
establish the beginning point using a "true" APtti# knee. To acquire this image,

make sure that the lateral side of the tibia ajdi bisects the fibula. Because of the
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proximal bend of modern nails, the best place &t 36 between the tibial tubercle
and the joint line. It is important to use cautishen choosing the beginning point to
avoid damaging the menisci too close or riskingme@ away of the tibial tubercle.

Once the starting point is correctly placed thetistg wire must be advanced
in the appropriate direction. In the Anteroposterane this is in line with
longitudinal axis and in the lateral plane it idime with the anterior cortex . Once the
starting wire has been placed in the correct posiind alignment, a reamer is used to
open a path through the proximal tibial metaphyBake care to protect the patellar
tendon during this step using a soft tissue proteat retractors. There is a tendency
for the starting wire to be too far posterior (gxce using the suprapatellar approach)
because the patella tends to make it difficult &k the guidewire in line with
anterior cortex. If fracture is in diaphysis thiayrbe less important, but for proximal
fractures this will induce an apex anterior defdynunce the nail is passed into the
tibia.

After the initial reamer has been passed into fllechnal, a ball-tipped
guidewire is placed into the canal. Typically, aafifbend is placed in the distal few
centimeters of the guidewire using pliers or a Eminstrument. Larger bends will
allow for more control to position of the wire amdll facilitate the passage of the
wire across the fracture site, but they can makeoite difficult to get the wire out of
the nalil.

The guidewire is inserted from the fracture's pmeedi to distal side. This step
is usually trivial in open fractures as the surgbas direct access to the fracture, but
it can be more challenging in closed fractures.rétee a number of techniques to
facilitate closed reduction of fracture to allonsggassage of guide wire. By rotating

guidewire, the direction of its advancement carctwatrolled because of the bend in
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the distal guidewire. Once the wire has passedsactize fracture site, it is placed
distally at about the level of the metaphyses.

Once the wire is in place, the nail length can beasared. A nail length
shorter than the measured length is selected. F@osed fractures,
Intramedullary canal reaming is usually utilized#ese it facilitates the insertion of a
larger nail and speeds up healing without requinmgch more time. Reaming open
fractures has historically raised concerns sinceay have also affected the periosteal
blood supply in addition to momentarily damaging #ndosteal blood supply. There
is minimal difference between the results of thése procedures, with reamed
nailing having a modest advantage, according targel prospective RCT on the
subject.

The reamers are passed over the guidewire, typistditing at 9.5 mm and
progressing in increments of 0.5 mm or 1 mm. Thremniag progresses to 1.5 mm
greater than the nail size. Once some “chatterioted, reaming is adequate. It is
important to know what diameter nails are availdblethe system you are using, as
well as how the size of the inter- locking boltsaifected by nail diameter. Most
systems have nail diameters down to 8.5 or 9 mm, hameral nails exist that are
even smaller and have a contour that can be ussdmably in the tibia, although of
course these nails are not designed for this agpic. The nail will follow the path
you reamed for it, take care while reaming to kdepfracture well reduced to avoid
eccentric reaming that leads to malalignment oheenail is passed. After reaming,
the nail is passed into the tibia over the guidewir

Proximal interlocking screws are placed throughualg arm, typically from
medial to lateral. Remember to remove the guidelat®re attempting to place the

interlocking screws as this will prevent screw piaent. Multiple interlocking screws
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should be positioned in more proximal fracture gras in order to prevent loss of
reduction and enhance mechanical stability; thoeeves should be positioned in the
most proximal patterd&

Some modern nails do not use medial and latetatlatking screws but
instead use obliquely placed screws. If this is ttese any anteromedial to
posterolateral screw should be placed with cardamsage to the common peroneal
nerve, as it passes around the proximal fibulppssible.

Distal interlocking screws are placed with a fre@dhtechnique that utilizes a
C-arm and the so called “perfect circles” technigRecently, a nail system has
emerged that uses a computer-guided technique i&ial dinterlocking without
fluoroscopy but this system awaits validation. Blistacture patterns should have two
or more interlocking screws to increase stabilibd adecrease the risk of loss of
reduction or nonunion.

Unlike femoral nailing where only static locking issed, there is some
controversy regarding whether dynamic locking may ddvantageous in tibial
nailing. Fluoroscopy should be used to confirm thd#tinterlocking screws are
properly through the nail, particularly those ildeking screws that have been placed
with a free hand technique. There is some recamhé&thanical evidence in nails for
“angle stable” inter- locking for proximal or dist@actures that are more difficult to

maintain reduction, but this technique has yetawdérified clinically.

Distraction at the fracture site is undesirabledose it is thought to lead to
increased risk of nonunion. In axially stable ftaet patterns, compression can be
obtained at the fracture site with locking the miditally ' and then “back slapping”

the nail to compress the fracture site before lgkpiroximally. Some nail systems
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also have an internal compression device for thmsespurpose. Once the hardware is
in place, sterile radiographs of the entire lengththe tibia can be obtained while
closing to make sure the alignment is adequatdowetl by closure of wounds and

strile dressing.

SUPRAPATELLAR TIBIAL NAILING:

Suprapatellar approaches for tibial nailing havéeneg significant interest
recently with several studies being published oe tbpic. The relative ease of
attaining fracture reduction, the ease of acquigntgroposterior fluoroscopic images
with the knee less flexed, and the ease of obtgitie beginning point are the
claimed advantages of the strategy. These aref glhdicular benefit in proximal
fractures. Theoretical concerns involve damageht patello- femoral joint and
converting a procedure that was outside the knegijtto one that traverses the knee
joint and therefore may be at increased risk oumgisal site infection becoming
septic arthritis. Studies are underway to addresset issues, but the technique is now
getting popularity due to the ease of gaining arggapoint for fractures of proximal
tibia for which it was initially proposed.

Always check laxity of patella in damaged limb (alternatively, the
unaffected limb) prior to surgery. In cases wheatella motion is limited, traditional
infrapatellar entrance should be taken into comattkn as it could hinder
suprapatellar entry instrumentation. Cutting thénesulum is an alternative to
prolong the suprapatellar dissection.

The affected limb is placed with a bolster bendaite , flexed 20-39 while
the patient lies supine(Figure 14). The fluoroscomchine is on opposite side, and if
operating table have on option of leg split, themjured leg side is lowered 2030

from the horizontal plane compared to injured siie.a result, we may achieve the
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best possible fluroscopy in the lateral and antestgyior views without having to
move the affected leg and with only minor C arnuatipents.

The sterile barrier is lowered close to the anesthegist to make it easier to
insert long guide wires, reamers so that they wbetome unsterile. A quick and
easy way to manipulate this problem is to coverftheture with an elastic bandage
that is securely stretched. Given that fracturequently result in malrotated legs, it is
always better to draw an outline of all necseeanyydandmarks to help position the
guide wire at the proper entrance location (Fidite

In the event that this is not feasible, a secorgpdacision is done into the
retinaculum, depending on the amount of laxity atiefia. As a result, the patella may
subluxate to one side and can be raised to a &wtlble for instrumentation. After
markings and confirming the proper position of @arbefore strating incision we
have to do hydrodilatation i.e., filling the supasgllar pouch with normal saline
which helps in elevating the patella and breakilhghe® adhesions under the patella

and thus providing us enough space to work(fig@e 1

Figure 14 — Patient positioning
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figure 15 — Markings of bony and ligamentous landa

Figure 16 : hydrodilatation — inflating suprapadelpouch to lift the patella up

An incision of 1.5 - 2 cm is taken on skin longiiely, 1 cm above the
patella’s base. Blunt dissection exposes the quegglritendon (Fig. 17), and fibres of
guadriceps tendon are split in the line of incigiigure 18).

The optimum entrance is one where it is simplditiesa finger under patella

and into joint. (Fig. 19).
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Figure 18 : incising the quadriceps in Figure 19: a finger should be able to

line of fibres. pass easily which tells us about the
space for instrumentation is enol

The protective entrance tube may be placed atpwiist, depending on the
brand and kind of nail. A cannulated bone awl isetaand inserted through the
incision. The correct entry point of awl is confeth under C arm (figure 20,21).
Placing the Guidewire with freehand technique vgagls easier and the guide wire is

passed over the cannulated bone awl (Figure 22).
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Figure 21: checking the entry point and confirmimdpoth planes
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Figure 22: passing the guide wire thorough the ckted bone awl

The optimal entrance, as illustrated in Figuresa@d 23, is about 9 mm laterally
from the tibial plateau's center and somewhat dditefrom the tibial tubercle. The
entrance site is in front of the front articularder when seen laterally. Guide wire in
tibia medulla should be oriented in both planesamls the center and confirm the

guide wire under fluoroscopy(figure 23).
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Figure 23: correct placement of guide wire cheakeder ¢ arm in both planes.

After radiographic imaging in both views validatbge exact position of guide
wire, the protective sleeve is inserted (Figure 2&jing a blunt trocar, the sleeve can
be carefully passes on guide wire, under the atald upto tibia surface. During
fluoroscopy, it is imperative to ensure that theesk "sits" on top of the tibia to
prevent injury to the intra-articular structureg(iie 24).

One advantage of certain systems is that the slegvebe fixed to the tibia
plateau with additional k wires . This is advantage since the sleeve can be readily
moved upwards during reaming without fixation. st ¢rucial to often check the
location of the sleeve during the reaming procéssis not fastened. Now, using a
short reamer, the medullary canal in the proxintaatis opened to a depth of 4-6 cm
through the sleeve over the guide wire(figure ZB)e posterior cortex could be
punctured if the guide wire is not centered in tla@al or if the reaming is too far

below.
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Figure 24: trocar and drill sleeve along with dtasiail insertion sleeve are inserted

over the guide wire.

figure 25: entry reaming done with proximal she@mer.
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Next the ball-tip guide can be inserted into thedullary canal and advanced
past the fracture level and down to the distahtidMerify by radiographic imaging in
both planes that the wire is within the medullaaya. In metadiaphyseal fractures, it
IS important to center the wire in the distal fragrmin both the anteroposterior and
lateral views. Using the appropriate measuremeideguhe nail's length is now
ascertained (or after the reaming procedure). Tak#ious not to calculate the length
incorrectly. Mounting an extended end cap is fasIdifficult than extracting a nall

that is sticking out of the knee joint.

In situations where the fracture can be squeezeheiy there is a chance that
the nail will migrate into the knee joint. If gurdj systems are utilized to put the

distal locking screws, it is then important for fh@be to lock the nail distally first.

The fracture is decreased as usual prior to reanihging the reaming
procedure, a percutaneous reduction clamp may hguhen decreasing oblique
fractures to anatomic or nearly anatomic positidh& considerably easier to adjust
and reposition once the legs are stretched tillnhik is placed. In order to prevent
intraarticular damage, it is imperative that theameng be carried out through the
protective sleeve. It is also advised that the eroposition of the sleeve be
radiographically verified multiple times during theocedure.

Be advised that a reamer longer than the infrapatehtry usually needs to be
used at the suprapatellar entry, depending onehgth of the tibia. After that, the
reaming is done as normal, but to a diameter ghbéiween 1 and 1.5 mm bigger than

the nail's diameter(figure 26) .
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Figure 26: serial reaming done over guide wire
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Checking the correct length of nail
under C arm guidance

Figure 27:passing the nail over the guide wire

Depending on the nail manufacturer, it is oftenassary to remove the inner
part of the sleeve protector before inserting thi and the nail is inserted carefully
over he guidewire under C arm guidance. If necgsddocking screws should be
inserted in both planes before nail insertion tovalfor fracture repositioning and

increased stability(figure 27). The system's tangetnechanism is used to lock the
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nail proximally, and freehand technique is used loak it distally (Figure
28).Additionally, a check is performed with a fimge joint to ensure that the nail is

not felt. At the same time, damage to the cartilage be examined (Figure 29).

Figure 28 : proximal and distal locking
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Figure 29 : final checking the under surface okpatwith finger to check for damage

and final C arm shoots.

Postoperative Care:

There is variation in postoperative care. Them@nisrgument to place patients
in a postoperative splint to minimize swelling atwd prevent the development of
ankle equinus in patients who will have delayedgirebearing. Splinting may also
keep the ankle in a near neutral position which meguce intracompartmental
pressures and therefore lessen the likelihood a@hpestment syndrome. Many
surgeons do not use post-operative splints or brdné if they are used patients are

converted from the splint into a removable boot eatmere between the first
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postoperative day and the first follow-up visit.eThoot is generally discarded once
weight bearing has started. The first opportunityptomote knee and ankle range of

motion is to begin exercising.

The axial stability of the fracture pattern dictateeight bearing. In cases
where non-comminuted diaphyseal fracture patteremathstrate adequate axial
stability, rapid weight bearing to the extent tated is typically initiated. When it
comes to extremely comminuted patterns, or fortin@s that are particularly
proximal or distal—where the nail has less mectamcvantage in limiting loss of
reduction—weight bearing is frequently restrictedpartial weight bearing or non-

weight bearing for six weeks.

Patients are typically seen at 2, 6, 12, 26, andvé2ks from the time of
surgery. Radiographs are obtained at each vigit #ft initial visit. Patients with very
proximal or distal fracture patterns may benefinfrradiographs at the 2-week mark
or more frequent early follow-up as these fractpaéterns can lose reduction in the

early healing phase.

Pitfalls:

Pitfall no. 1:Proximal Fracture Malalignment:

“It is very difficult to obtain adequate alignmeading a tibial nail in proximal
tibial fractures. Initial reports on the topic demstrated malreduction rates of 55%
and 85%?%4 “The high rate of malreduction in very proximalagt fractures has led
some surgeons to recommend percutaneous platingsfoelative technical ease in
comparison to proximal nailing, and outcomes fatiply and nailing of proximal
fractures appear to be simildf®. “The typical deformity is valgus and apex anterio

(procurvatum) deformity. The valgus deformity isedo too lateral starting point that
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creates an initial reaming pathway which runs frmm medial to lateral. Once the
nail is placed, this tips the fracture into valg8smilarly, the apex anterior deformity
is created by the pull of the extensor mechanisthismworsened by an initial reaming
path that is angled too far posterior which produttee deformity once the nail is
introduced®,

For proximal fractures, it's crucial to reduce traeture before reaming and to
choose the optimal starting site and starting wlirection. The surgeon cannot rely
on the nail to reduce the fracture as it is intetl It is difficult to obtain the ideal
proximal reaming path because of interference thi¢hpatella, which is what leads to
the typically incorrect starting point which is tonedial and too posterior. One
technique to obtain the ideal starting point arahmeg path is to extend the incision
into a more extensive medial parapatellar arthrgtamd dislocate the patella.

“Other techniques to prevent malreduction inclutedse of percutaneous clamps
or threaded guide wires. Blocking or “Poller” sceevare a particularly useful
technique to help guide the nail correctf?” With a blocking screw, drill bit, or k-
wire, you can press the reamer and nail into tmeecbposition with this technique. If
the patient is elderly and has broader tibia amgetequality bone, leaving the screw
in situ may help to promote stability. Usually, s@ew is positioned where you wish
to keep the nail from going or on the fracturesicave side .

Pitfall no. 2: Staring Wire too Posterior

For proximal fractures, the right beginning poimdareaming approach are
very crucial. If fracture location is more distahere is more tolerance for
imperfection as the fit of the straight nail in tha&row diaphysis will tend to align the
fracture and make up for imperfections in the staig pathway. If the starting point

is adequate but the starting wire is angled too pfasteriorly, a reamer can be
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advanced a shorter distance than usual, approXiymhater 2 cm down the wire. The
wire is then removed and a curved hand reamer Imdar device can be used to
correct the reamer path bringing it more in linethwthe anterior cortex. This
technique is particularly useful if a patellar gplig approach is used as the patella
often makes it difficult to obtain a starting witeat is angled anterior enough.
Pitfall no. 3: Postoperative Knee Pain

“High proportion of patients in many studies haeparted postoperative knee
pain, with rates ranging from 31% to 739! Nail removal in some series is as
high as 26% to 50%. The etiology of this knee pain is unclear but giloitities
include an intra- articular starting point that deyas the meniscus, leaving the nail
too proud proximally, and differences in the apptes as detailed above. Authors
have argued that a correct starting point and bgryhe nail may reduce but not
completely eliminate the rate of knee pain, althougrious studies have contradicted
each other regarding the importance of nail promgeein knee pain. Pain over the
proximal inter- locking screws is also common arwwdd be differentiated by
physical examination from pain unrelated to thesiloicking screw sites. Pain over
the interlocking screws can typically be relieveg $imply removing the screws
without taking out the entire nail. An excessiviggthy interlocking screw may lead
to a higher frequency of hardware with symptomsca®@ should be made to ensure

this does not happen.
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Instruments and implants used :
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Figure 30 : Bone awl , proximal reamer in SPN set
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Figure 31 : different sizes of
SPN nails, different sizes of
screws — both proximal, distal
and sleeves
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Figure 32 : soft tissue protetctor, mallet, guidewdig, sleeves for proximal and distal

locking

Figure 33: work table showing all instruments udadng SPN nailing and also

showing the fixing of nail to zi
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MATERIALSAND METHODS

Sour ce of Data:

Data will be collected from patients who came teusdty or outpatient
department (OPD) with tibial diaphyseal fracturehiowwill undergo reamed
intramedullary nailing with semi extended supraji@teor standard infrapatellar
approach in Dr. Prabhakar Kore Hospital & MedicakBarch Centre and Charitable
Hospital in Belagavi over a period of one year froii08/22 to 31/07/23.

Study Design: RCT (Randomized Controlled Trail)

Study Period: 1 year.

Sample Size: There will two groups each with sample size 20.
Sampling technique:

The minimum sample size formula based on mean tandard deviation is

(Z(A + Z|’; )2(512 + 522)
- (X1 - X2)?

where =z is linked with the level of significance anfl & linked with the power of the
test. For 5% level of the significancer z1.96 and g =0.84 for 80% power of the
test.”

Randomisation of patients is done by sealed eneeleghnique. This is one of
the most commonly used randomization technique eQine patient has consented to
enter the study, the sealed opaque envelope witipeeed and the patient is offered
the allocated treatment regimen.

Inclusion Criteria:
1) AGE FROM : 18 YEARS ONWARDS

2) AO classification — 42A1, A2 , A3 ,43A
3) All patients with fracture of tibial diaphysis thatre to undergo reamed

intramedullary nail fixation.
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Exclusion Criteria:

1) Age less than 18 years.

2) Patients with non-unions, compound type 3 fnad, pathological fractures,
comminuted fractures requiring extra stability

fracture of opposite tibia, either recent or old.

3) pregnancy or any other condition that is contteated for radiography
4) Fractures with intrarticular extension

5)fracture of opposite tibia, either recent or old

6) Ipsilateral femur fractures.

7) AO41, 43B, 43C fractures.

8) Severe osteoarthritis of the knee.

Study protocol:

All patients who came to casualty or outpatientadttpent (OPD) with tibial
diaphyseal fractures who will undergo reamed ingdutlary nailing randomly with
semi extended suprapatellar or standard infrajpatapiproach at KLEs Dr. Prabhakar
Kore Hospital & Medical Research Centre and Chhlétddospital, Belagavi over a
period of one year.

All patients who are eligible in inclusion critenaill be advised to undergo

post operative clinical examination, appropriate@ys and computerized tomography.

Data collection procedure:

Patients with tibial diaphyseal fractures who ugdee reamed intramedullary
nailing with semi-extended suprapatellar or stadidafrapatellar approach to be
evaluated and studied over a period of 1 year lacssl patients at KLEs Dr.

Prabhakar Kore Hospital and Medical Research CeBalagavi.
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All the patients will be reviewed postoperativelsing clinical examination ,
x-rays and computerized tomography scan. The madelyv utilized method in
clinical assessment is the foot-thigh angle (TFAgasurement. The operator
compares the measurements between the longitudiial of the thigh with the
longitudinal axis of the foot. This can be perfocheith the patient supine or prone,
however the latter is most commonly preferred.rimp, the patient should have their
knee flexed to 90 degrees and the ankle at neflgsabn and the foot axis and thigh
axis of both lower extremities are measured by goeitry. The difference between
the two is determined as the rotational difference.

All patients will be assessed postoperatively fiational alignment using x-
rays. “First, a true lateral of the knee is obtdiry superimposing the medial and
lateral femoral condyles. With the leg held stadign the fluoroscopic unit is rotated
90 degrees, which provided a true anterio-postéAeY) view. If the tibial fracture is
accurately reduced, rotation of an additional 1A %odegrees provided an accurate
mortise view of the anklé34 If it was more than 15 degrees, it is taken d@sresl
malrotation and if it was less than 10 degreesag declared internal malrotation.

Patients will be evaluated with computerized tonaphy also. In a supine
position with both lower limbs in full extensiontia support to minimize movement
during scanning. The proximal and distal transvexses were determined by CT
scanning. The CT images included axial cuts justvalthe proximal tibiofibular joint
and immediately proximal to the tibiotalar artidida of both limbs. Rotation
measurements were made from the CT slices takesn pidximal measurement was
defined as the angle between the tibia posteridexammediately above the fibula
head and the transverse axis . In the distal, thesorement was taken as the angle

between the line passing from the fibula and tibenter on the slice taken
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immediately over the tibiotalar joint and the tre@se axis . By comparing with the
healthy side, the rotational difference between tthe sides was defined. Positive
values were evaluated as external malrotation aegative values as internal
malrotation. As has been accepted in previous esudin malrotation in literature,
more than 10 degrees between the two extremities acaepted as a rotational

difference.

Data processing and analysis/statistical analysis.
The rotational maalignment mean difference betvikerafflicted and unaffected

sides in the IP and SP groups is the parameten iake consideration.
Cornal plane:

X1 is the mean of first group (mean difference irgminent in coronal plane after

suprapatellar

nailing )is 3.2 ancX2  is mean for the second groupan difference in alignment in
coronal plane after infrapatellar nailing is 5.7.

The first group's standard deviation (s1) is 1rtl tihe second group's standard
deviation (s2) is 1.8.

The sample size that results from using thesengstis 6.

Saggital plane:

X1 is the mean of first group (mean difference ingment in after

suprapatellar nailing) is 2.9 aX2  is mean forgheond group (mean difference in

alignment in after infrapatellar nailing is 5.5.
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The first group's standard deviation (1) is dendtgadl, and the second group's

standard deviation (2.3) is represented by s2.
The sample size that results from using thesengstis 7.

The study will have a larger sample size (20) oheotto increase confirmatory power.

There will two groups each with size. 20.

Does the study require any investigations or interventions to be conducted on
patients or other humansor animals? If so, please describe briefly.
1) x-ray knee joint with full length tibia — trueteroposterior and lateral view
2) x-ray ankle mortise view
3) Computerized tomography of both tibia
-Other relevant investigations will be done as el
-Animals are not involved in this study
Budget analysis:

1)DIRECT COST:

A) Personal: 5000/-
B) Equipment’s: NIL PER PATIENT
C) Investigations: NIL

2) INDIRECT COST:

A)Printing and copying supplies: Rs. 5000/-
B)Data collection and Transport: Rs.2000/-

C)Meeting and other expenses: NIL

3) MISCELLANEOUS: R600/-
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Data analysis:

“Data is analysed using statistical software R ioerst.4.0. and Microsoft
Excel. Categorical variables given in the form oéguency tables. Continuous
variables given in Mean + SD / Median (Min, Max)rfa Chi square test is used to
check the association of categorical variables gibups. Normality of variable is
checked by Shapiro Wilk test and QQ plot. If datdioivs normal distribution,
parametric tests will be used. Otherwise, non-patem tests will be used. Two
sample t test/Welch’s t test are used to comparartban of variables over groups.
Mann Whitney U test is used to compare the distigouof variables over groups. P-

value less than or equal to 0.05 indicates stedilssignificance”.
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RESULTS

Study have measurements of 40 patients that ardedivnto IPN group and
SPN group of 20 subjects each. The following tabiees the comparison of
demographical details over groups.
Abbreviation: t — Two sample t test, MC — Chi sgudest with Monte Carlo
simulation, * indicates statistical significance.

Table 4: Comparison of demographical details oveups.

Demographic
subclass IPN SPN overall p-value
data

Mean = SD 32.8+13.63| 45.05 +18.07| 38.92 £ 16.97

Age (years) 0.0204*
Median (Min, Max)| 28 (17, 60) | 40.5 (20, 83) | 33.5(17, 83)

Female 3 (15%) 4 (20%) 7 (17.5%
Gender 0.999%'¢
Male 17 (85%) 16 (80%) 33 (82.5%

The mean age of subjects in the IPN group is 328363 years, with a
median age of 28 years (ranging from 17 to 60thim SPN group, the mean age is
significantly higher at 45.05 + 18.07 years, witmadian age of 40.5 years (ranging
from 20 to 83). From two sample t test, it is olser that, the difference in age
between the groups is statistically significanvgbae = 0.0204).

Gender distribution shows that the IPN group cdssi$ 3 (15%) females and
17 (85%) males, while the SPN group includes 4 (Rfé¥males and 16 (80%) males.
The gender distribution between the groups is tatissically significant according to

the results of the Chi square test.(p-value = ®%99
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Figure 34: Mean plot of age over groups..
90% EIPN ESPN
85%
80% 80%
70%
60%
%
& 50%
[=
]
S 40%
a
30% 20%
%
20% &
10%
0%
FEMALE MALE

GENDER

Figure 35: Distribution of gender over groups.
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The following table gives the comparison of modéngiry over groups.

Table 5: Comparison of mode of injury over groups.

Mode of Injury IPN SPN Total p-value
Assault 2 (10%) 0 (0%) 2 (5%)
Fall 2 (10%) 5 (25%) 7 (17.5%)
Injury 1 (5%) 0 (0%) 1(2.5%) | 0.246%
RTA 14 (70%) 15 (75%) 29 (72.5%
Sports 1 (5%) 0 (0%) 1 (2.5%)

Our research indicates that the distribution aimpjmodes among groups does not

significantly differ.
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Figure 36: Distribution of mode of injury over giusi
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The following table gives the comparison of diageaaser groups.

Table 6: Comparison of diagnosis over groups.

Diagnosis IPN SPN Total p-value
Tibia distal third fracture 3 (15%) 3 (15% 6 (15%)
Tibia midshaft fracture 9 (45%) 9 (45% 18 (45%)
0.9999¢
Tibia proximal third fracture 5 (25%) 4 (20% 9 (3%)
Tibia segmental complex fracture 3 (15%) 4 (20%) (17.5%)

Both groups show identical distributions for cantdiagnoses: 3 (15%) cases of tibia

distal third fractures and 9 (45%) cases of tibi@ghaft fractures each. The IPN

group has 5 (25%) cases of tibia proximal thirdtinees, whereas the SPN group has

4 (20%) cases. Additionally, there are 3 (15%) sasktibia segmental complex

fractures in the IPN group and 4 (20%) cases inSR& group. The distribution of

diagnoses among groups does not significantly rliiecording to the results of the

Chi square test.
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Figure 37: Distribution of diagnosis over groups.
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The following table gives the comparison of sidénjdiry over groups.

Table 7: Comparison of side of injury over groups.

Side IPN SPN Total p-value
Left 5(25%) | 10 (50%) 15 (37.5%)

0.102%
Right 15 (75%)| 10 (50% 25 (62.5%)

Abbreviation: C — Chi square test.

In the IPN group, 5 (25%) injuries occurred on tef side and 15 (75%)

injuries on the right side. In the SPN group, 10%} injuries on the left side and 10

(50%) injuries on the right side. The distributiohside of injury across groups does

not significantly differ, according to the resutiisthe Chi square test.
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Figure 38: Distribution of side of injury over gnos!
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The following table gives the comparison of typdratture over groups.

Table 8: Comparison of type of fracture over groups

A O Type IPN SPN Total p-value
AO 42 Al 4 (20%) 3 (15%) 7 (17.5%

AO 42 A2 4 (20%) 4 (20%) 8 (20%)

AO 42 A3 5 (25%) 4 (20%) 9 (22.5%

AO 42 B1 1 (5%) 1 (5%) 2 (5%)

AO 42 B2 2 (10%) 1 (5%) 3(7.5%)| 0.999%¢
AO 42 B3 1 (5%) 2 (10%) 3 (7.5%)

AO 42 C2 2 (10%) 2 (10%) 4 (10%)

AO 42 C3 1 (5%) 2 (10%) 3 (7.5%)

AO 43 C1 0 (0%) 1 (5%) 1 (2.5%)

The distribution of side of injury across groupgsimot significantly differ, according

to the results of the Chi square test.
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Figure 39: Distribution of type of fracture oveogps.
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The following table gives the comparison of natofréracture over groups.

Table 9: Comparison of nature of fracture over gsou

Nature of Fracture IPN SPN Total p-value
Complex irregular 1 (5%) 2 (10% 3 (7.5%)
Complex segmental 2 (10% 2 (10%) 4 (10%)
Complex spiral 0 (0%) 1 (5%) 1 (2.5%)
Simple Oblique 4(20%)] 4 (20%) 8 (20%)
Simple spiral 4 (20%) 3(15%) 7 (17.5%)0.999%¢
Simple transverse 5 (25% 4 (20%) 9 (22.5%)
Wedge bending 2 (10% 1 (5% 3 (7.5%)
Wedge fragmented 1 (5%) 2(10%) 3 (7.5%)
Wedge spiral 1 (5%) 1 (5%) 2 (5%

The distribution of side of injury across groupgsimot significantly differ, according

to the results of the Chi square test.
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Figure 40: Distribution of nature of fracture oggoups.
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The following table gives the comparison of rotatibmalalignment with thigh foot

angle over groups.

Table 10: Comparison of rotational malalignmentwiitigh foot angle.

Variate Subclass IPN SPN overall p-value
<10 15 (75%) | 19 (95%) | 34 (85%)
0.1934%¢
TFA Rotational >10 5 (25%) 1 (5%) 6 (15%)
Difference Mean + SD 6.7£38 | 43+£3.06| 55%3.62
0.0340¢*
Median (Min, Max) | 6 (0, 14) 4 (0, 12) 4 (0, 14)
External 13 (65%) 13 (65% 26 (65%
INT or EXT Internal 6 (30%) 4 (20%) 10 (25%) 0.5672/C
NIL 1 (5%) 3 (15%) 4 (10%)

In IPN group, 15 (75%) had rotational difference dE@rees and 5 (25%) had
rotational difference>10 degrees. In SPN group, 19 (95%) had rotatioifdrence
<10 degrees and 1 (5%) had rotational differerfic@ degrees. The distribution of side
of injury across groups does not significantly eliffaccording to the results of the Chi
square test. (p-value = 0.1934).

The IPN group has a mean rotational differencé.df+ 3.8 degrees, with a
median of 6 degrees (ranging from O to 14 degrééds. SPN group shows a lower
mean rotational difference of 4.3 £ 3.06 degreet) & median of 4 degrees (ranging
from O to 12 degrees). The TFA Rotational diffeeen@cross groups shows a
significant difference, according to the resultstloé two sample t test (p-value =
0.0340).

Regarding the type of rotational malalignment, bgtbups have the same

percentage of external rotation cases (65%). T dRoup has 6 (30%) internal
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rotation cases and 1 (5%) case with no malalignmehnereas the SPN group has 4
(20%) internal rotation cases and 3 (15%) cased wib malalignment. The
distribution of side of injury across groups does significantly differ, according to
the results of the Chi square test.

(p-value = 0.5672).
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Figure 41: Mean plot of rotational malalignmentiwthigh foot angle over groups.
The following table gives the comparison of rotatibmalalignment with X-ray over

groups.
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Table 11: Comparison of rotational malalignmentwtray over groups.

Variate Subclass IPN SPN overall “p-value”
<10 14 (70%) | 19 (95%) | 33 (82.5%)
0.1044%¢
X-ray Rotational >10 6 (30%) 1 (5%) 7 (17.5%)
Difference Mean = SD 6.5+435 4+3.04 | 525+391
0.041
Median (Min, Max) | 6 (0, 14) | 3 (0, 12) 4 (0, 14)
External 12 (60%)| 13 (65% 25 (62.5%)
INT or EXT Internal 6 (30%) | 5 (25%) 11 (27.5%) 0.9999/¢
NIL 2 (10%) 2 (10%) 4 (10%)

In IPN group, 14 (70%) had rotational difference dE@rees and 6 (30%) had
rotational difference>10 degrees. In SPN group, 19 (95%) had rotatioifdrence
<10 degrees and 1 (5%) had rotational differerd® degrees. However, the
distribution across groups does not significantffed according to the results of the
Chi square test (p-value = 0.1044).

The IPN group has a mean X-ray rotational diffeeent 6.5 + 4.35 degrees,
with a median of 6 degrees (ranging from O to 1greles). The SPN group shows a
lower mean X-ray rotational difference of 4 + 3.@dgrees, with a median of 3
degrees (ranging from O to 12 degrees). From twopat test, this difference in
rotational malalignment is statistically signifitgp-value = 0.0417).

For rotational malalignment observed in X-rays, B group has 12 (60%)
cases of external rotation, 6 (30%) cases of iatewtation, and 2 (10%) cases with
no malalignment. The SPN group has 13 (65%) cakesternal rotation, 5 (25%)
cases of internal rotation, and 2 (10%) cases mitimalalignment. The results of the
Chi square test show that there is no statisticgfipificant difference in the type of

rotational malalignment (p-value = 0.9999).
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Figure 42: Mean plot of rotational malalignmentiwX-ray over groups.
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The following table gives the comparison of rotatib malalignment with CT over

groups.

Table 12: Comparison of rotational malalignmentw@tT over groups.

Variables Sub Category IPN SPN Total p-value
<10 13 (65%) 19 (95%) 32 (80%)
0.0510¢/¢
>10 7 (35%) 1 (5%) 8 (20%)
CT Rotational
Mean + SD
Difference 8.21+4.73 4.87 +2.96 6.54 £4.25
Median (Min, 0.019¢W*
6.3(1.2,17.7) 3.95(1.2,13.9)| 5.7 (1.2, 17.7)
Max)
External 14 (70%) 13 (65%) 27 (67.5%
INT or EXT 0.735M¢
Internal 6 (30%) 7 (35%) 13 (32.5%

In IPN group, 13 (65%) had rotational differencel@ degrees and 7 (35%) had
rotational difference>10 degrees. In SPN group, 19 (95%) had rotatioifdrence
<10 degrees and 1 (5%) had rotational differerd® degrees. However, The
distribution between the groups does not signifigadiffer, according to the results
of the Chi square test (p-value = 0.0510).

The IPN group has a mean CT rotational differenc8.21 + 4.73 degrees, with a
median of 6.3 degrees (ranging from 1.2 to 17.7ekg. The SPN group shows a
lower mean CT rotational difference of 4.87 + 2d@#rees, with a median of 3.95
degrees (ranging from 1.2 to 13.9 degrees). Théerdiice in CT rotational
malalignment between the groups is shown to besstaly significant based on the
Mann Whitney U test (p-value = 0.0199).

Regarding the type of rotational malalignment, e 1PN group, 14 (70%) cases

show external rotation, and 6 (30%) cases shownateotation. In the SPN group,
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13 (65%) cases show external rotation, and 7 (3&6gs show internal rotation. It
can be seen from the Chi square test that thare #atistically significant difference
between the groups' rotational malalignment types.

(p-value = 0.7357).
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Figure 43: Mean plot of rotational malalignmentw@T over groups.
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The following table gives the comparison of Intratgiive time over groups.

Table 13: Comparison of Intraoperative time oveugs.

Variables IPN SPN Total p-value

102.45 +6.89 82.1+7.49 92.28 +12.51
Intraoperative time <0.00F
102.5 (92, 120) | 81(71,99) | 94 (71, 120)

Abbreviation: t — Two sample t test, * indicateatistical significance.

The IPN group has a mean intraoperative time of4®2 6.89 minutes, with
a median time of 102.5 minutes (ranging from 92L20 minutes). In contrast, the
SPN group has a significantly shorter mean intreatpe time of 82.1 + 7.49minutes,
with a median time of 81 minutes (ranging from @09 minutes). The intraoperative
time across groups differs significantly, accordiogthe results of the two sample t

test. (p-value < 0.001).
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Figure 44: Mean plot of intraoperative time ovenugs.
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The following table gives the comparison of Intragiive blood loss over groups.

Table 14: Comparison of Intraoperative blood losgsraroups.

Variables IPN SPN Total p-value

Intraoperative blood 65.3 +4.86 48.6 =8 56.95 + 10.68
< 0.00WT*
loss 64 (58, 78) | 48.5(37,62)| 60 (37,78)

Abbreviation: WT — Welch'’s t test, * indicates stiatal significance.

The IPN group has a mean blood loss of 65.3 + mBpwith a median of 64
mL (ranging from 58 to 78 mL). In contrast, the S&Mup has a significantly lower
mean blood loss of 48.6 £ 8 mL, with a median o648L (ranging from 37 to 62
mL). From Welch's t test, it is observed that, thes significant difference in

intraoperative blood loss over groups (p-value 90)0
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Figure 45: Mean plot of intraoperative blood losgrogroups.
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The following table gives the comparison of Intraggdive time over groups.

Table 15: Comparison of Fluoroscopy Time over gsoup

Variables IPN SPN Total p-value

119.75 +10.57 90.5+5.23 | 105.12+16.94
TRD/FT < 0.00WT*

119 (101, 140) | 91 (80, 102)| 101.5 (80, 140)

Abbreviation: WT — Welch'’s t test, * indicates stiatal significance.

The IPN group has a mean TRD/FT of 119.75 + 10sth a median of 119
(ranging from 101 to 140). On the other hand, tR&l §roup exhibits a significantly
lower mean TRD/FT of 90.5 + 5.23, with a mediama&f (ranging from 80 to 102).
There is a statistically significant differencetive TRD/FT across groups, as shown

by Welch's t test (p-value < 0.001).
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Figure 46: Mean plot of Fluoroscopy Time over greup
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The following table gives the comparison of Intragdive blood loss over groups.

Table 16: Comparison of Kujala score over groups.

Variables IPN SPN Total p-value

60.15 + 5.68 73 +4.76 66.58 + 8.31

Kujala < 0.00F

59.5 (51, 68) | 73.5(63,79) | 67.5 (51, 79)

Abbreviation: t — Two sample t test, * indicateatistical significance.

The IPN group has a mean Kujala score of 60.15 &, 5h a median of 59.5
(ranging from 51 to 68). Conversely, the SPN graigmonstrates a significantly
higher mean Kujala score of 73 £ 4.76, with a medit73.5 (ranging from 63 to 79).

The results of the two sample t test show that Kugaore differs significantly from

the other groups (p-value< 0.001).
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Figure 47: Mean plot of Kujala score over groups.
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The following table gives the comparison of Antekaee pain with VAS score over

groups.

Table 17: Comparison of Anterior knee pain with V&&re over groups.

Variables IPN SPN Total p-value

465+127 | 3.7+x13 | 418+1.36

VAS score 0.0323wWx
4(3,7) 3.5(2, 6) 42,7

Abbreviation: MW — Mann Whitney U test, * indicagtatistical significance.

In the IPN group, the mean VAS score is 4.65 = 1\With a median of 4
(ranging from 3 to 7). On the other hand, the SPdu shows a lower mean VAS
score of 3.7 £ 1.3, with a median of 3.5 (rangingnf 2 to 6). The distribution of

VAS scores among groups shows a significant diffeee as determined by the Mann

Whitney U test (p-value = 0.0323).
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Figure 48: Mean plot of anterior knee pain with VA&re over groups.
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The following table gives the comparison of LowetrEmity Functional Score

(LEFS) over groups.

Table 18: Comparison of Lower Extremity FunctioBabre (LEFS) over groups.

Variables IPN SPN Total p-value
69.35 £ 2.46 74.65 £+ 1.66 72 +3.39

Lefs score < 0.00MwW=
69 (65, 73) 75 (72, 77) 73 (65, 77)

In the IPN group, the mean LEFS score is 69.3546,2vith a median of 69 (ranging
from 65 to 73). Conversely, the SPN group exhiaitsgnificantly higher mean LEFS
score of 74.65 £ 1.66, with a median of 75 (randiogn 72 to 77). The distribution
of Lefs scores among groups shows a significanatran, according to the Mann

Whitney U test (p-value < 0.001).
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Figure 49: Mean plot of Lower Extremity Functiorsdore (LEFS) over groups.
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The following table gives the comparison of timeautoon over groups.

Table 19: Comparison of time to union over groups.

Variables IPN SPN Total p-value
6.15+1.23 5+1.03 5.58 +1.26
Time to union 0.004 MW *
6 (4, 8) 5(4,7) 5(4,8)

In the IPN group, the mean time to union is 6.15.23 weeks, with a median
of 6 weeks (ranging from 4 to 8 weeks). In contrdee SPN group shows a
significantly shorter mean time to union of 5 +3 Weeks, with a median of 5 weeks
(ranging from 4 to 7 weeks). The distribution ohdéi to union across groups shows a

significant difference, according to the Mann WhigrlJ test (p-value = 0.0041).
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Figure 50: Mean plot of time to union over groups.
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DISCUSSION

The most popular and recommended course of treatfoetibia diaphyseal
fractures is intramedullar nailing. Nonoperativeeatment for tibial diaphyseal
fractures should only be pursued if closed reduciounable to achieve sufficient
alignment. Among the reasons for surgical managéenaee insufficient closed
reduction of the fracture, open contaminated fr@sturelated vascular damage, a soft
tissue envelope that makes a cast impractical,ti@npaunwilling to comply with
closed management, and the patient's desire taveat a cast. Many patients and
physicians find tibial nailing to be appealing doets quick post-operative mobility
knee & ankle, reduced need for follow-up visitsd @ammediate ability to bear weight.

This is particularly relevant given that many RGBults have demonstrated
that, “in terms of nonunion, malunion, comorbiditieand delay to return to work,
operative fixation is preferable to closed treatttn There are often complications
occurring after surgeries, and IMIL nailing is neception. When IMIL nailing is
used for tibial fractures, there have been highudeented occurrences of malrotation,
malunion, and nonunion. Despite being a commonlyfopmed treatment,
intramedullary nailing of the tibia lacks a stardlaechnique, as stated in the
literature. It is conceivable to assume that thsklof standardization contributes to
the reported issues.

“Despite being the standard of care, infrapateilaial nailing (IPN) is still
technically challenging due to the numerous adjesti;i made during intraoperative
imaging and the proximal fracture fragment disphaert with knee flexion caused by
the quadriceps and extensor compt@xBecause this technique requires the user to
insert the nail with their knee flexed, it is matificult to use in proximal one-third

fractures due to the quadriceps muscle's actioichypushes the proximal fragment
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into extension and causes abnormalities in rotatiamd angulatioff.

A novel method was devised to mitigate the disathga of infrapatellar nailing by
positioning the knee in a semi-extended posturés Whs initially shown in 2000 and
then changed to the suprapatellar nailing techiAtqée method of tibia nailing in a
semiextended position of krféewas invented by Tornetta et al. to prevent the
proximal fragment from going into extension defdymiThis approach was later
developed by several authors. This technique IssBanture susceptibility, removes
the problem of hyperflexion resulting in fragmenisalignment, and simplifies
radiographic imaging.

While the results of suprapatellar nailing werdl $ieing investigated, the
outcomes of infrapatellar nailing were clearly nelsgl in numerous investigations.
For tibia diaphyseal fractures, we compared serangdd suprapatellar nailing and
conventional infrapatellar nailing in our study. €@whe course of a year, data is
gathered from patients who visited the emergencyutpatient department (OPD)
with tibial diaphyseal fractures and had reamedmedullary nailing using either the
usual infrapatellar approach or the semi-extendgdapatellar technique. Two study
groups of twenty patients each were randomly assida comprise the total of forty
participants. Traditional infrapatellar nailing NP was performed on one group,
while semi-extended supratellar nailing (SPN) waggrmed on the other.

Rotational malalignment is potentially serious adeeeffect of tibia IMIL
nailing. In addition to aesthetic problems, torsibanomalies can result in several
functional abnormalities, including lower limb amisis. Currently, little is known
about the degree of rotation that matters, thetaraience of malrotation following
IMIL nail fixation of the tibia, and the necessitf correction. While numerous

studies estimate an incidence ranging from O toeEgntage27, the incidence of
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malrotation following tibia IMIL nailing has beerbserved to be as high as 30% in
practicé??°3% Malrotation between various types of tibia IMIlailing is rarely
documented in the literature. Therefore, tRealim of our RCT is to see standard
infrapatellar entrance techniques with suprapatedlami-extended approaches in
order to ascertain the prevalence and degree ational malalignment in tibial
diaphyseal fractures. Additionally, our study exaed the differences between
suprapatellar and infrapatellar nailing procedui@s tibia diaphyseal fractures in
terms of intraoperative time, blood loss, fluorgegdime at the time of surgery, and
kujala score, vas score, lefs score, and union itintiee final follow-up.

Malrotation can be assessed clinically and with iagaphy both
intraoperatively and postoperatively. In a clinicatting, this is accomplished by
taking the TFA (Thigh Foot Angle) of the affecteshdaunaffected limbs and
comparing them. Using lateral and anteropostericews got after surgery,
radiographic outcomes were measured in terms diitifeés anatomic alignment. IPN
is a technically challenging procedure that hasohsally presented challenges in
avoiding muscle stress and getting adequate remuati the lateral plane for both
proximal and distal tibia fractures.

. Tibia shaft fractures in the hyperflexion postafeen cause malreduction and
an apex-anterior deformity in the sagittal pf&ne

If there is a doubt of malalignment during or afsrrgery, computerized
tomography is the recommended imaging techniqueesinis effective, dependable,
and independent of observer biéslalalignment in the sagittal, coronal and axial
planes may be seen in tibial fractures. Generallyre than 1 cm shortness and more
than % rotational or angular deformity are accepted akinian™'# “In most of the

studies malrotation was defined to be greater th@ndegrees™216:293% “Tipjal
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malrotation findings are minimal and usually patsehave no clinical sign of tibial
malrotation. By the patient noticing a differencethe cosmetic appearance of the
foot, or asymmetry between legs, tibial malrotatioray be determined®?
Bonnevialle et al. reported “no clinical sign dbiéil malrotation though the values
were 22 external and 31 internal malrotatidf”“The most accurate measurement
technique of tibial rotation is anthropometric measnents made on autopsy
samples. However, this technique is not possibleclinics™!? “The indirect
measurement of tibial rotation can be determinethenclinic by measuring the TFA
and the thigh-transmalleolar angi€ In our study we measured the rotational
malalignment with the help of TFA in prone and lpd knee at 90 degrees and
comparing the operated limb with the healthy limb.

When measuring rotational difference clinically hwithigh foot angle,
significantly our findings suggest thidte IPN group has a mean rotational difference
of 6.7 = 3.8 degrees, with a median of 6 degreasg{ng from O to 14 degrees). The
SPN group shows a lower mean rotational differepicd.3 + 3.06 degrees, with a
median of 4 degrees (ranging from 0 to 12 degréd®). TFA Rotational difference
across groups shows a significant difference (pvad 0.0340).

In most of the studies torsional variation of méman 10° (range 5-15°) is
significant with respect to the unaffected limb veassidered malrotatidf

In IPN group, 15 (75%) had rotational differencé<degrees and 5 (25%) had
rotational difference>10 degrees. In SPN group, 19 (95%) had rotatioiidrence
<10 degrees and 1 (5%) had rotational differeric@ degrees.

Regarding the type of rotational malalignment, bgtbups have the same
percentage of external rotation cases (65%). TN dRoup has 6 (30%) internal

rotation cases and 1 (5%) case with no malalignmengereas the SPN group has 4
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(20%) internal rotation cases and 3 (15%) casels mot malalignment. The type of
rotational malalignment among groups does not Bagmtly differ (p-value =
0.5672).

“All the patients were assessed intra-operativetyrétational alignment using
the fluoroscopic images of knee and ankle of thmesdimb, as described in
literaturé'®. First, a true lateral of the knee was obtainedugyerimposing the medial
and lateral femoral condyles. With the leg heldistery, the fluoroscopic unit was
rotated 90 degrees, which provided a true antesgiguior (AP) view. If the tibial
fracture was accurately reduced, rotation of aritmacl 10 to 15 degrees provided
an accurate mortise view of the ankle. If it wagenthhan 15 degrees, it was taken as
external malrotation and if it was less than 10rdeg, it was declared internal
malrotation.

When measured with radiography (X-rays) , in IPNuy, 14 (70%) had
rotational difference <10 degrees and 6 (30%) twaakional difference>10 degrees.
In SPN group, 19 (95%) had rotational differenced <degrees and 1 (5%) had
rotational difference:10 degrees?®

The IPN group has a mean X-ray rotational diffeeen€ 6.5 + 4.35 degrees,
with a median of 6 degrees (ranging from O to 1greles). The SPN group shows a
lower mean X-ray rotational difference of 4 + 3.@dgrees, with a median of 3
degrees (ranging from 0 to 12 degrees). From twopat test, this difference in
rotational malalignment is statistically signifitgp-value = 0.0417).

For rotational malalignment observed in X-rays, BAB group has 12 (60%)
cases of external rotation, 6 (30%) cases of iatewtation, and 2 (10%) cases with
no malalignment. The SPN group has 13 (65%) cakesternal rotation, 5 (25%)

cases of internal rotation, and 2 (10%) cases wadhmalalignment. There is no
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statistically significant difference in the type mitational malalignment between the
groups (p-value = 0.9999).

The use of CT in radiological measurements wasdigscribed by Jacob et al.
One study “done at a trauma center looking at #ugislae of tibial malunion on gait
mechanics, they noticed that the incidence of iatat malreduction as determined
by computed tomography (CT) appeared to be gréfader that reported clinically?.
“Radiologic assessment, involving CT images of bultiee, was used to quantify
accurately the degree of tibial rotation based staadard technique similar to those
previously described in the literatuté®"118 |n order to reduce movement during
scanning, the patient must be placed in a supis#igo with their legs fastened to an
adjustable support.

“Proximal and distal transverse axes are determwigid CT scanning . The
angle is defined by the 2 transverse axes defimedibial torsion. The CT images
included a number of axial cuts (usually 2 or Reta 2 mm apart just above the
proximal tibiofibular joint and then again just ghmal to the tibiotalar articulation.
The proximal reference line is determined by drawinline tangent to the dorsal
border of the tibia on the image captured just pnax to the fibular head®®. “The
distal reference line is the transverse axis thinoiing distal tibia that passes through
the center of the fibula and tibia on a slice jabbve the distal tibial plafontt?
“Tibiofibular torsion is defined as the angle betmethe 2 axes. The contralateral
limb was used as a control to the affected limberimal rotation deformity is assigned
a negative value and external rotation was givemoaitive value with zero
representing the calculated torsion of the normalraffected tibia®?. At some time
following the P! postop day but before being discharged from thspital, all patients

had scans. “From references in previous literasune for the purposes of this study,

Page 104



Discussion

we defined malrotation as a rotational different@mater than 10° compared with
the normal limp?119.120

When measured with computerized tomography in IPdug, 13 (65%) had
rotational difference < 10 degrees and 7 (35%)rotational difference-10 degrees.
In SPN group, 19 (95%) had rotational differenced <degrees and 1 (5%) had
rotational difference10 degrees.

The IPN group has a mean CT rotational differenic8.21 + 4.73 degrees,
with a median of 6.3 degrees (ranging from 1.2 7o/ ldegrees). The SPN group
shows a lower mean CT rotational difference of 48796 degrees, with a median of
3.95 degrees (ranging from 1.2 to 13.9 degree3)rofational malalignment between
SPN and IPN is statistically significant (p-valu®9199).

Regarding the type of rotational malalignment, e 1PN group, 14 (70%)
cases show external rotation, and 6 (30%) cases sfternal rotation. In the SPN
group, 13 (65%) cases show external rotation, an@5P6) cases show internal
rotation.The difference in the type of rotationahlalignment between the groups is
not statistically significant (p-value = 0.7357).

This shows there is a significant association draipatellar nailing with both
more incidence of malrotation and also greater arthai malrotation than SPN
approach when measured clinically with thigh foogla and radiologically with
xrays and computerized tomography. We believe whidt infrapatellar technique for
a tibial shaft fracture in hyperflexed posistiohge tquadriceps muscle pushes the
proximal fragment into extension, causing angutatabnormalities and fragment
displacement, making this method challenging. In lilgperflexion posture, proximal
tibial fractures frequently result in malreductiand an apex-anterior deformity in the

sagittal plan&. Whereasuprapatellar nailing provides a more precise enbigt and
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reduction of fracture. This method eliminates thsues of hyperflexion leading to
fragment malalignment, reduces fracture easilytduts semi extended position.

“A patient losing blood during any surgery is ancern for both the surgeon
and anesthetist. Precise estimation of blood Isssrucial because underestimation
may lead to significant complications, and overeation and unnecessary
transfusion may increase complications and moytaft?2 “There are many methods
for intraoperative blood loss estimation, e.g.,vgreetric, photometry, and visual
estimation, but the most used method is visualmedion. Other methods are not
widely used due to their unavailability, impractitg or time consumption, e.g.,
gravimetric method, as the gauze must be weighedapd post-usé??*?3 In our

study we used visual estimation method to assessbbos
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Figure 51 : Visual Guide for Determining Blood Lo&s Three Different
Sizes of Gauze. There was a 25% increase in tosalrptive capacity when the gauze
was dripping (supersaturated) and a 25% decreasadin category when the gauze

was wet
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The IPN group has a mean blood loss of 65.3 £ mBpwith a median of 64
mL (ranging from 58 to 78 mL). In contrast, the SgMup has a significantly lower
mean blood loss of 48.6 £ 8 mL, with a median o648L (ranging from 37 to 62
mL). There is significant difference in intraopévatblood loss over groups (p-value
< 0.001).

“Two recent meta-analyses show a decreased operdtiwe with the SP
approach?*123 Xu et at?® “comparing 7 studies (3 randomized; 4 clinical tcolted
trials), found the IP approach to be more time oameg than the SP approach
(P=.01)". Chen et al “evaluated 7 randomized conttbliéals (RCT) and originally
found no significant difference in operative timB=(88); however, sensitivity
analysis excluding an outlier study did show a icgmt reduction in operative time
with the SP approachrE.002)24,

Due to this confusion we compared the intraopegatime between both
groups. The IPN group has a mean intraoperative 6fi02.45 + 6.89 minutes, with
a median time of 102.5 minutes (ranging from 92L20 minutes). In contrast, the
SPN group has a significantly shorter mean intreatpe time of 82.1 + 7.49minutes,
with a median time of 81 minutes (ranging from @09 minutes). The intraoperative
time varies significantly between the groups (pueat 0.001).

“The semi-extended position of the knee in the apatellar approach allows
for quicker Patient positioning time and is not @deualing in maintaining fracture
reduction/position. In comparison, the infrapate@proach requires at least 90° of
knee flexion or hyperflexion to introduce the engnyide-wire and subsequent tibial
nail”*?, “Various techniques are adopted by surgeons tataia the flexed position
of the knee, which involve additional attachmergspports and manual fracture

reduction, optimal patient positioning for the agatellar approach can be time-
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consuming®?®. “Whereas the semi-extended position required daprapatellar

approach is less demanding with a simple setufiThe semi-extended position also
facilitates maintenance of fracture reduction agduces the risk of malalignmefft”
There is minimal evidence in literature compariragignt positioning time in IP tibial
nailing vs SP tibial nailing. In our study the IRXbup has a mean TRD/FT of 119.75
+ 10.57, with a median of 119 (ranging from 1011.4®). On the other hand, the SPN
group exhibits a significantly lower mean TRD/FT3f.5 + 5.23, with a median of
91 (ranging from 80 to 102). There is a statislycaignificant difference in the
Fluroscopy Time across groups (p-value < 0.001)es€hfindings tell us that
suprapatellar nailing is associated with significkesser intraoperative fluoroscopy
time when compared to infrapatellar nailing.

Chronic anterior knee pain (AKP) is a serious isafter tibia fractures treated
with intramedullary nailing. AKP was defined as amain in front of knee,
irrespective of its source—patella, the joint lines an incision. In order to avoid
missing any individuals who may be experiencingekpain, we have utilized a broad
definition of AKP. One of the most frequent sidéeefs of IMIL nailing is AKP. The
specific reason of this pain is uncertain, busipobssible that damage to the knee's
articular surfaces and injury o infrapatellar neisvéhe primary factor.

According to several estimates, the percentageatiémts claiming to have
knee discomfort might range from 10% to 8644’

“Postoperative anterior knee pain can have secaraes, such as prominence
of nail, damage to intra-articular structures, igjto the patellar tendon or fat pad,
injury to the saphenous nerve's infrapatellar dnamnd changed biomechanit®’

Numerous research have assessed the results abakteee pain after applying the
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SP and IP techniques. “The SPN group had consilyerauced postoperative pain
scores in all five of the most recent meta-analy/$é$*

“After one and three months postoperatively, Sunakt discovered no
significant difference in the VAS scores between Ith and SP groups; however, after
six, twelve, and twenty-four months, they foundngigantly lower VAS values in the
SP group®. Twelve months after suprapatellar nailing, Sasdral. assessed forty-
one patients and reported that none of them expmteanterior knee pdf “When
kneeling at all postoperative time periods, indivts treated with the suprapatellar
method were shown to be able to transmit a greaesn proportion of weight
through the affected leg compared to the unaffetldgd however MacDonald et al.
reported no significant difference in VAS valu&g”

By avoiding the saphenous nerve's branches andaqpirgg the patellar tendon,
the suprapatellar approach may reduce the incideficanterior knee pafh To
determine if the knee structure will be harmed oy suprapatellar nailing insertion,
Eastman, J.G. and Tseng, S.S. performed a cadastadg?®. They discovered that
during suprapatellar IMN surgery, the medial memssand intermeniscal ligament
were most vulnerable, however the damage was limite 1-2 mm.According to
Courtney P. M., the suprapatellar technique pravid®od protection for the
infrapatellar nerv&,

Although Mark Jones contends that “the mean sceree higher in the
infrapatellar group, their study found no differenm knee pain scores between
suprapatellar IMN and infrapatellar IMRP: According to our randomized controlled
study, knee pain was less common and less sevene tlvk suprapatellar method was

used as compared to the infrapatellar insertionmW#asured vas score for all patients
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at the 6 months followup using vas score scale aothpared between the

suprapatellar nailing and infrapatellar nailing.

NO MILD MODERATE SEVERE WORST PAIN
PAIN PAIN PAIN PAIN POSSIBLE
HURTS HURTS HURTS HURTS HURTS
HURT LITTLEBIT ~ LITTLEMORE EVENMORE  WHOLELOT WORST
No pain  Discomforting Distressing Intense h%tﬁﬁ{,' e ﬂﬂ'gggg'ﬁ;ﬁf

0 1 2 3 . 5 6 7 8 9 10

: Very Very Excruciating
Very mild Tolerable distressing intense unbearable
NO PAIN MILD MODERATE INTENCE UNSPEAKABLE

Figure 52 : VAS score pain assessment scale
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Figure 53 : VAS score pain assessment tool
In the IPN group, the mean VAS score is 4.65 = 1With a median of 4

(ranging from 3 to 7). On the other hand, the SPdug shows a lower mean VAS
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score of 3.7 + 1.3, with a median of 3.5 (rangingnf 2 to 6). The distribution of
VAS scores among groups shows a significant diffeegp-value = 0.0323).
According to these results we can see the sevefitgain is significantly less in
suprapatellar nailing group.

The Kujala anterior knee pain scale was identif@el also used to study
prevalence of Patello Femoral knee pain. The reshét follow compare the average

postoperative KUJALA scores at the six-month follgw

The Kujala patellofemoral scoring system”
Score Scare
1. Limp 8. Praolenged sitting with the knees flexed
a) Nane 5 a) No difficulty 10
b) Slight or periodical 3 b) Pain after exercise 8
¢) Constant 0 c) Constant pain 6
2. Support d) Pain forces to extend knees temporarily 4
a) Tull support without pain 5 e) Unable 0
by Paintul 3 9. Pain
¢) Weight bearing impossible 0 a) None 10
3. Walking b) Slight and occasional 8
a) Unhmited 5 c) Interferes with sleep 6
by More than 2 km 3 d) Occasionally severe 3
c¢) 1-2km 2 e) Constant and severe 0
d} Unable 8] 10, Swelling
4. Stairs a) None 10
a) Na difficulty 10 h) After severe exertion 8
b) Slight pain when descending 8 c) After daily activities 6
¢} Pain both when descending and ascending 5 d) Every evening 4
d) Unable 0 e) Constant 0
5. Squatting 11. Abnormal painful kncecap (patcllar)
a) No difficulty 5 movements (subluxatons)
b) Repeated squatling painful 4 1) None 10
¢} DPainful cach time 3 b) Occasionally in sperts activitics 6
d) Possible with partial weight bearing 2 ¢y Occasionally 1n daily activities 4
e) Unable 0 d) Atleast one documented dislocation 2
6. Running ¢) Morc than two dislocations 0
a) No ditficulty 10 12. Atrophy of thigh
b) Pain alter more than 2 kin 8 a) None 5
c¢) Slight pain from start 6 by Slight 3
d) Severe pain 3 c) Severe 0
e) Unable 0 13. Flexion deficiency
7. Jumping a) None 5
a) No difficulty 10 b) Slight 3
by Slight ditficulty 7 c) Severe 0
¢) Constant pain 2
d) Unable 0 Total score: .
Fhfaximim score= 1010

Figure 54 : The KUJALA patellofemoral scoring syste
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The IPN group has a mean Kujala score of 60.15 & 3vh a median of 59.5
(ranging from 51 to 68). Conversely, the SPN gralgmonstrates a significantly
higher mean Kujala score of 73 £ 4.76, with a medii73.5 (ranging from 63 to 79).
The results of the two sample t test show that kugaore differs significantly from
the other groups (p-value< 0.001) after six monthgh the SPN group scoring
higher. “Similar results were observed in a rededrg Jones et al., where the SP
group had higher KUJALA scores than the IP gfBupNonetheless, a related
investigation on transpatellar, medial parapatelad suprapatellar nailing conducted
by Ozcan et al. did not discover a statisticallgngficant difference in KUJALA
ratings among the three group¥’ “In contrast to our findings, Cicekli et al. reped
KUJALA scores of 87.82 and 83.37 in the SP and tBugs, respectively. This
difference was not statistically significant (p=08)9. Overall, we saw that in our

instances, functional outcomes improved after syrge

Extreme Difficulty
or Unable to Quite a Bit of Moderate A Little Bit of
Activities Perform Activity Difficul! Difficult: Difficulty No Difficulty

1 Any of your usual work, housework, or school activities L 10 2 4[]
2 Your usual hobbies, re creational or sporting activities. 1[m []
3 Getting into or out of the bath
4 Walking between rooms.

5 Putting on your shoes or socks.
6

7

8

[

(I (|
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100

Squatting.
Lifting an object, like a bag of groceries from the floor.
Performing light activities around your home
9 Performing heavy activities around your home.
10  Getting into or out of a car.
11 Walking 2 blocks.
12 Walking a mile.
13  Going up or down 10 stairs (about 1 flight of stairs).
14  Standing for 1 hour.
15  Sitting for 1 hour.
16  Running on even ground
17  Running on uneven ground
18  Making sharp turns while running fast
19  Hopping.
20  Rolling over in bed
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Figure 55 : LEFS scoring system

“The LEFS englobes the sum of 20 different acegtiscoring up to a
maximum of 80 points. The lower the score the @mretie disability. The minimal
detectable change (MDC) is 9 scale poifitse maximum score for 20 related daily
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activities was 80. Each activity received a maximoinfour points. A score of 70-80
implied an excellent functional outcome. A scoré0f70 indicated a good functional
outcome. A score of 40-60 suggested a fair funatieutcome. A score of less than
40, had a poor functional outcott®& The LEFS score is caluculated at 6 month
followup in our study .

In the IPN group, the mean LEFS score is 69.3546,2with a median of 69
(ranging from 65 to 73). Conversely, the SPN grexpibits a significantly higher
mean LEFS score of 74.65 £ 1.66, with a medianSofr@anging from 72 to 77). The
distribution of LEFS scores among groups showsgaifstant variation (p-value <
0.001).

“Radiographic evidence of callus in anteropostesiad lateral views of two or
more cortices and the absence of pain at the fiasite were regarded as signs that
the fracture had healeld®. Patients were followed for every 1 month aften@nths
postoperatively to confirm union. In the IPN grotipe mean time to union is 6.15 £
1.23 months, with a median of 6 months (4 - 8 menmdnge). In contrast, the SPN
group shows a significantly shorter mean time tomrof 5 + 1.03 months, with a
median of 5 months (ranging from 4 to 7 weeks). @lstribution of time to union

across groups shows a significant difference (pvad 0.0041).
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CONCLUSION:

In conclusion, this study presents compelling engdesupporting the efficacy
of suprapatellar nailing (SPN) over Infrapatellailing (IPN) in the treatment for
tibia diaphyseal fractures. The results show netadthhancements in functional,
clinical, and radiological outcomes following thergical procedure. The study
confirms previous research that demonstrates fapbeioutcomes with suprapatellar
nailing in terms of less rotational malalignmentiieh is a potentially overlooked
devastating side effect of tibia nailing. The réswoff this randomized controlled study
show significantly reduced intraoperative time,daldoss, fluoroscopy time with SPN
which will improve overall surgical outcomes of tpatient. Additionally supraptellar
nailing is associated with lesser chronic antekioee pain VAS score and higher
KUJALA score than infrapatellar nailing which haaa incremental effect on the
activities of daily living of the patient. Based the clinical and functional outcomes
of SPN and IPN techniques of tibia nailing obtaindee SPN approach is having
better lower extremity functional score than IPNb@@ch. This study also strongly
emphasizes the significant difference in the urtiores with SPN approach having
lesser union time than the IPN approach. This staldp shows lesser rotational
malalignment in proximal and distal one-third frarets particularly. Therefore,
suprapatellar is a safer IMN approach that yieldsekent functional and radiological
results, including much lower rates of malalignmantl ease of operation for tibia
diaphysis fractures. The SPN technique is now thennfor tibial nailing in our
trauma unit as a result of our research. Our ssuagults also contribute to the body
of knowledge already available and highlight thgndicance of further research on
intramedullary nailing methods for tibial diaphys&actures. More extensive RCTs

with bigger study groups are still needed to adihéoivestigations.
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ANNEXURES - I

‘“ROTATIONAL ALIGNMENT IN TIBIAL DIAPHYSEAL FRACTURE S WITH
THE SUPRAPATELLAR SEMI -EXTENDED VERSUS STANDARD
INFRAPATELLAR ENTRY TIBIAL NAILING TECHNIQUES - A
RANDOMIZED CONTROLLED TRIAL”

Name of Student/Principal Investigator: REGISTRATION NO: BL0121006

Name of Guide/Co Investigators:

Objective: To determine incidence and degree of tibial rotetianalalignment with
suprapatellar semi-extended versus standard inétgraentry tibial nailing techniques
using post operative clinical examination, x-ragsid computed tomography (CT).

Introduction:

Fractures of the tibia diaphysis are the most comrumg bone fractures.
Displaced and unstable fractures are commonlyddeaith reamed intramedullary nail
fixation, as many studies have shown this to prewdperior functional results, and
lower complication rates compared to those obtaimigd open reduction and internal
fixation (ORIF), external fixation, unreamed nagin or cast immobilization.
Intramedullary nailing aims to: aid bony union,toge length, alignment, and rotation of
the fractured tibia; it has added advantages aflatvs minimal surgical dissection -
preserving the blood supply to the fracture sited ¢he implant also acts as a load-
sharing device - giving biomechanical fracture sizdiion and allowing early patient
mobilization. The goal of intramedullary nailingtio attain rapid union with acceptable
axial and rotational alignment while preserving itméal bone length.

No surgical procedure is without complication anttamedullary nailing is not
exempt; A potentially serious, but often underapted complication of this

procedure, is rotational malalignment. Malrotatiam, particular, has a high impact

Page 133



Annexures

physically and psychologically on the patient, nmgkit an important complication to
address in improving patient outcomes. Besideseptesy problems cosmetically,
torsional deformities may lead to lower extremitytheosis and other functional
complications .Currently, there is little known abothe true incidence of tibial
malrotation following intramedullary nail fixationthe degree of rotation that is
significant, or the indications for correction.

Tibial torsion is the anatomical twist of the pnmel versus distal articular axis
of the tibial bone in the transverse plane aroimeddngitudinal axis. Any change in the
tibial torsion, either in the internal or in thetepnal direction, is considered a mal-
rotation and can be seen after fixation of theatibshaft fractures by closed
intramedullary (IM) nailing. Tibial malrotation isalculated as a torsion difference
between the affected and unaffected tibia. Recenterns were raised concerning the
reported high prevalence of malrotation followingramedullary nailing of the tibia.

In most of the studies, rotational malrotation wafined as torsional difference
of greater than 10° (range 5-15°) compared to tiaéfected limb.

Original studies demonstrated a very low prevalerareying from 0% to 6%,
but, with the advent of more accurate techniquesnaasure tibial malrotation, the
prevalence observed in recent studies has rangedZ8% to 36%.

In many studies, tibial malrotation has been measuclinically and the
incidence is reported to be 0-6%; whereas sucliémcie is reported to be 22-36% by
using other measurement methods such as computeoneography (CT) scanning.
One study found an incidence of 30% of rotational-adignment.

Traditional infrapatellar approach for tibia IMN @popular surgical procedure
used in the treatment of tibial shaft fractures.wideer, IMN insertion through

infrapatellar (IP) approach remained technicallpligmging due to quadriceps muscle
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force resulting in proximal fracture fragments dég@ment with the knee in flexion, and
an increased risk of valgus and procurvatum defemifollowing tibial nailing. To
overcome these issues, the semi extended approadtbifl IMN insertion was first
described by Tornetta et al, and later modifieé wuprapatellar (SP) approach using a
midline quadriceps tendon insertion site by Colaleihis new approach suggests that
valgus and procurvatum malalignment has been masgyeavoided when the knee is
maintained in extension and also allows for eaanteroposterior and lateral imaging of
the tibia.

The classic infrapatellar approach to intramedyllziling involves placing the
knee in hyperflexion over a bump or radiolucerdngle and inserting the nail through a
longitudinal incision in line with the fibers of éhpatellar tendon. Deforming muscle
forces often cause proximal-third tibial fracturasd segmental fractures to fall into
valgus and procurvatum. Semi-extended suprapatefipproach will facilitate
intraoperative imaging, allow easier access totigtarsite position, and counter
deforming forces. Although outcomes of traditiomdtapatellar nailing have been well
documented, there is a paucity of literature oncoutes of using a suprapatellar
approach.

In this study we will determine the rotational aligent in tibia diaphyseal
fractures with the suprapatrellar semi-extendedugestandard infrapatellar entry tibial
nailing techniques as primary oucome and otherralsmy outcomes include intra-
operative time and blood loss, fluoroscopy timeeerunctional scores and time to

union.
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Explanation of procedure: If you consent to be in this study, the relevdatt will be

done on clinical thigh foot angle, x-ray of affetieg AP, Lateral views and CT.

Withdrawal from participation in the study: Participation in this study is voluntary.
You will be free to decide whether to participatethis study or continue participation
once enrolled. In case you decide to withdraw ymarticipation, you are free to do so.

However, please convey the decision to the prindipaestigator.

Possible benefits from participating in the study: You will/will not have nor get any
benefits by participating in this study. The datthgred will help the population at

large.

Possible risks from participating in the study: There are no risks involved in

participating in this study.

Privacy and confidentiality: The information collected from you will be coded, t
prevent any person from identifying you. Your itgnwill never be revealed. The data
collected from you will be kept confidential andlypprocessed or aggregated data will

be used for publication.

Financial incentives: You will not receive any payment for participatim this study.
Authorization for publication of aggregated data: Results obtained after processing
of the aggregated data will be published for sdienpurposes and or presented to

scientific groups. However, your identity will nrevbe revealed.
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Questions: In case of any questions with regard to this stydy, are free to contact:

REGISTRATION NO: BL0121006 Dr.

Post- graduate resident PROFESSOR,
Department of Orthopaedics,
J.N. Medical College,
K.A.H.E.R, Belagavi-10

Dapant of Orthopaedics.
J.N. Medical College,
K.A.H.E.R, Belagal®

If you have any question or complaints with regard/our right as study participant

you may contact Dr Harsha Hegde, Chairperson, &tliommittee of JNMC, 0831-
2473777, Extension 4052.

Legal rights: By signing this consent form, we are not waving afhyour legal rights.
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CONSENT STATEMENT

| am making a voluntary decision to participatethie study ROTATIONAL
ALIGNMENT IN TIBIAL DIAPHYSEAL FRACTURES WITH THE
SUPRAPATELLAR SEMI —EXTENDED VERSUS STANDARD
INFRAPATELLAR ENTRY TIBIAL NAILING TECHNIQUES - A
RANDOMIZED CONTROLLED TRAIL ”. My signature below indicates that | have
decided to participate and | have read the infoiongtrovided above or the information
provided above has been read to me in the langiafé understand best. | was given

the opportunity to ask questions and that they leesn answered to my satisfaction.

Name of the participant:

Signature or left thumb impression of the partioipa

Name of the witness:

Signature or left thumb impression of the witness:

Name of the investigator:

Signature of the investigator:
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ANNEXURES - Il
PROFORMA
CASE NO.:
Name :
Age / Sex :
Occupation :
IP number :
Address :

Contact Number :

HISTORY :
1. Mode of injury: Road traffic accident / Fall at home / Fall froeidht / Assault
2. Presenting complaints:

* Pain—site/duration

» Swelling — site / extent

» Deformity

» Disturbances in function — movements

- Other associated injuries — head injury / limb iiigs / spine injuries

+ 3. Comorbidities:
+ Diabetes mellitus
* Hypertension

» Thyroid disorders
» Tuberculosis

+ Bronchial asthma

» Epilepsy
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4. Drug  history: Steroids /

Immunosuppressants

5. Past history:

Any similar injuries
Previous surgeries or hospitalizations

Any major ilinesses

6. Personal history:
Sleep:

Appetite:

Bowel/ Bladder:
Smoking:

Alcohol consumption:

7. Family history:

CLINICAL EXAMINATION:

General examination:

Built: Well/ Moderate/ Poor

Pallor/ Icterus/ Cyanosis/ Clubbing/ LymphadenopaBEdema

Vitals:

1. Pulse:

2.BP:

3. Respiratory rate :

4. Temperature :

Disease

modifying

anti-rheumatoid  drugs
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Systemic examination :
Cardiovascular system :
Respiratory system :
Per Abdomen :

Central Nervous System:

Local Examination:

Date of Admission :
Date of Surgery :
Date of Discharge :

FINAL DIAGNOSIS:

SIDE OF FRACTURE

AO TYPE :

NATURE OF FRACTURE :

TYPE OF NAILING DONE :

THIGH FOOT ANGLE OF NORMAL LEG:

THIGH FOOT ANFLE OF OPERTAED LEG:

ROTATIONAL DIFFERENCE (CLINICAL) :

INTERNAL / EXTERNAL :

MEASUREMENT ON X-RAYS ON NORMAL SIDE:
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MEASUREMENT ON X-RAYS ON AFFECTED SIDE:

ROTATIONAL DIFFERENCE ( X-RAYS) :

INTERNAL / EXTERNAL :

PROXIMAL MEASURMENT OF NORMAL LEG ON CT:

DISTAL MEASURMENT OF NORMAL LEG ON CT:

PROXIMAL MEASURMENT OF OPERATED LEG ON CT :

DISTAL MEASURMENT OF OPERATED LEG ON CT :

ROTATIONAL DIFFERENCE (CT) :

INTERNAL / EXTERNAL :

INTRAOPERATIVE TIME:
INTRAOPERATIVE BLOOD LOSS:

FLUOROSCOPY TIME:

KUJALA SCORE (at 6 months follow-up):

VAS SCORE (at 6 months follow-up):

LEFS SCORE (at 6 months follow-up):

TIME TO UNION :

IMPRESSION:
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ANNEXURE Il

CLINICAL PHOTOGRAPHS OF PATIENTS

PREOPERATIVE PHOTOGRAPHS:

Figure 56 : showing right tibia segemental fract@ 42 C2

INTRAOPERATIVE SETUP:

Figure 57: showing position of C arm during SPNingi
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INTRAOPERATIVE PHOTOS:

Figure 58 : showing intraoperative images of SPNna position, incision , guide wire

and nailing

POSTOPERATIVE IMAGING:

Figure 59 : postoperative check xrays
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POSTOPERATIVE ROTATIONAL MALALIGNMENT MEASUREMENT:

CLINICAL THIGH FOOT ANGLE(TFA):

Figure 60 : rotational malalignment measured céihicsing TFA with goniometer
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X-RAYS:

Figure 61 : rotational malalignemnt calculatingngskrays by taking mortise view

COMPUTED TOMOGRAPHY:

Figure 62 : CT measurements — proximal and dist of operated limb
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Figure 63: CT measurements — proximal and distisl eiinormal limb

X-RAYS OF SOME PATIENTS SHOWING MORE ROTATIONAL

MALALIGNMENT WHEN DONE WITH IPN:
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ANNEXURE IV

KEY TO MASTER CHART

IP Number In Patient Number

MOI Mode Of Injury

M Male

F Female

RTA Road Traffic Accident

AO Arbeitsgemeinschatft fiir Osteosynthesefragen

IPN Infra Patellar Nailing

SPN Supra Patellar Nailing

TFA-NOR Thigh Foot Angle — Normal side

TFA - AFF Thigh Foot Angle — Affected side

RD Rotational Difference

INT Internal

EXT External

X-RAY - N Measurement on x-rays on Normal side

X-RAY - A Measurement on x-rays on Affected side

CT Computed Tomography

OT Time Intraoperative Time

FLU Time Intraoperative Fluoroscopy Time

AKP-VAS Anterior Knee Pain- Visual Analogue Scale

KUJALA KUJALA Score

KFS - LEFS Knee Functional Score - Lower Extremity
Functional Score (LEFS)
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