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ABSTRACT

Only a few studies have tested the ability of proximal femur
geometry parameters to discriminate between cervical hip fractures and
those of the trochanter. The main objective of this study is to evaluate the
geometrical difference between these two fracture types by measuring the
parameters like Femoral Neck Length (FNL), Hip Axis Length (HAL),
Neck Shaft Angle(NSA).

Materials and Methods: A prospective analysis was made in our

hospital population of 118 patients with hip fractures (cervical fractures-
58, trochanteric fractures- 60). Study was conducted during 2013 January
to 2014 August. FNL, HAL, NSA were measured from pelvic Xrays

(digital) by using an advanced computer software.

Results: A significant difference was found between cervical and
trochanteric fractures in HAL, especially in patients of 31- 60 years.
Patients with higher HAL sustained cervical fractures. No significant
difference in NSA and FNL measurements between these two patient

groups.

Conclusion: The difference in the pathogenesis of cervical and
trochanteric fractures can be explained by HAL and no significant
difference in FNL, NSA of these patients could be appreciated in our
study. A much higher standardized measurement setup is needed for
evaluating the role of hip geometry in fracture patients.

Key words: bone geometry, hip fractures, population based,

radiography.
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INTRODUCTION

Epidemiology:

Fractures of the proximal Femur & hip occur more frequently in
elderly population. Racial variations occur in the incidence. The
incidence is lesser in black population [1], much commoner in White
females than males [2]. Throughout the globe, these fractures are much

more common in white population of North America and Europe [3].

As the life expectancy is increasing for every decade, there is a
steady & substantial rise of active geriatric population in our society.
So there is an exponential increase in occurrence with increase in age
[4]. In elderly patient s, these fractures are one of the leading causes of

increased mortality & morbidity.

It is estimated that the future incidence of hip fractures worldwide
will double to 2.6 million by 2025, 4.5million by 2050 [5]. The

percentage rise will be greater in men about 310% than women 240%.

In 1990, 26% of all hip fractures occurred in Asia, but this will
certainly rise to 37% in 2025 and 45% in 2050 [6]. Currently, about 1/3

of world s hip fracture occurs in Asia [7]. Hagino et al reported a life
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time risk of hip fractures for individuals at 50yrs of age as 5-6% for men

and women about 20%.

Based on anatomical location, the fractures of proximal Femur &
hip includes the neck of Femur(Intra capsular)fractures,
intertrochanteric fractures(Extra capsular fractures), Subtrochanteric

fractures.

Costs involved in management:

The patients who develop proximal Femoral fractures belong to
very different economic strata from very rich to very poor condition.
Most of our patients are unorganised labourers and they have to meet
their own expenses. Government s resources are limited and it’s a tough

job to subsidize the whole treatment cost.

In U.S. alone there are over 250,000 hip fractures annually [9],

costing approximately around 5.4billion dollars annually [10].
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Risk factors:

S.no. | Modifiable

1. Trauma

2. Visual acuity

3. Neuromuscular impairment
4, Cognitive impairment
5. Physical fitness

6. Medications

7. Nutritional deficiency
8. BMD

S.no. | Non Modifiable

1. Age

2. Race

3. Height

4, Hip geometry

The most common risk factors associated with these fractures are,

1. Younger individual — high energy trauma

2. Elderly individual -they can be classified as follows,
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1. Factors predisposing to increase in fall as

a | Weakness of muscles/Muscular dystrophies

B | Impairment of vision

C | Cardio vascular diseases

D | Neurological disorders

E | Gait disorders

2. Disorders causing changes in bone mass/ Metabolic disorders

A | Osteoporosis

B | Osteomalacia

C | Renal osteodystrophy

Some other factors associated are low physical activity,

decreased exposure to sunlight, treatment with corticosteroids, smoking.

Difficulty in treating:

As these patients are usually senile, though the options of
treatment are plenty in number, there are also high chances of failure of

fixation/nonunion, since the quality of bone is usually compromised.

They face trouble in meeting out the cost of treatment & getting

care for their activities of daily living.
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Preventive strategy:

The current paramount and remarkable shift regarding hip

fractures are as follows,

1. Prevention by aggressive screening & treatment of patients

with risk for fragility fractures.

2. Standardization of centres treating hip fractures by formulating
new protocols, early intervention thereby avoiding/minimizing

complications.

3. Optimization of fracture reduction and new design of implant
component fixation in osteoporotic bone with conceptual
design changes in fixation stability and augmentation of bone

implant interface.

A surprising thing to be noted here is that, even though the
mechanism of injury remains the same i.e. a trivial fall usually some
people are developing the fractures in neck of Femur and some in the

intertrochanteric region.

So, a study was undertaken to bring some limelight in

understanding the relationship between proximal Femur geometry and
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fracture pattern developed in these individuals. The aim of this study
was to find out whether the combination of the parameters femoral neck
length, hip axis length, neck shaft angle is able to predict the occurrence

of the hip fracture and its type.
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AIM OF THE STUDY

To study, compare and analyse the differences in proximal
femoral geometry between the patients who have sustained the neck of
Femur/intra capsular and inter trochanteric/extra capsular fractures by
means of radiographic measurement of the parameters i.e. the Femoral
Neck Length (FNL), Hip Axis Length (HAL), Neck Shaft Angle (NSA)

in South Indian population.
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REVIEW OF LITERATURE

Much of the studies to understand the proximal Femoral geometry
and its relationship in the fracture pattern sustained have been started in
early 1990s only and the literacy in this regard is still in infancy level,

leaving much more to be explored.

Etiology between proximal femoral geometry and hip fractures

1. Cummings SR, Black D et al in 1993, in his study about “Bone
density at various sites for prediction of hip fractures; the study of
osteoporotic fractures research group” (11), suggested in their study
about the possible etiological association between the proximal

femoral geometry and fracture pattern sustained.

2. Clause and Cummings et al in 1994 in their work “prediction of
hip fractures from pelvic X rays- the study of Osteoporotic
fractures”(12), suggested in their study that, there is a definite positive
relationship between the proximal femoral geometry and the fracture

pattern developed.

3. Reid et al in 1994, in their work “relationship between increase in
length of hip axis in older women and increase in age specific rates of

hip fractures”(13), brought about a fact that an increase/rise in Hip axis
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Length(HAL) in the patients are predisposed for developing the neck of

Femur fractures.

4. In 1996, Flicker, Fauker et al, concluded that the HAL plays a

predominant role in predicting the individual hip fracture risks [14].

5. In 1996, Maulten CA et al , suggested that the cervical fractures
seems to be more related to pelvic structure failure of the outer diameter
the femoral neck to expand with age and increased acetabular bone

width added to a focal bone loss [15].

6. In 2001, Jamsa et al in their study concluded that the Neck Shaft
Angle (NSA), smallest outer pelvic diameter are greater in cervical
fractures. Increased NSA, low femoral shaft diameter, trochanteric
width, thin cortices and pelvic dimensions associates with increased

fracture risks [16].

7. In 2001, Partanen J at al, concluded that Neck shaft Angle(NSA),
is larger in neck of Femur fracture patients than the trochanteric
fractures. They concluded that proximal Femur dimension
measurements calibrated and measured from the position standardized

plain X rays are useful in evaluation of hip fracture risks and fracture
type [17].
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8. In 2004, Pulkinnen et al, in his work of measuring the proximal
femoral geometry in 74 postmenopausal women (mean age of 74 years),
with 49 cervical fractures and 25 trochanteric fractures in their study
group, concluded that the combination of bone mineral density and
proximal femoral geometry measurements will improve the prediction

of hip fractures [18].

2. Racial differences in hip fractures with respect to proximal

femoral geometry:

1. In 1999, Yang and Wang SS et al , in their work “ Proximal
femoral dimension in the elderly Chinese women with hip
fractures in Taiwan”,[19],concluded that in their study that
individuals with increased femoral neck length (FNL) are
predisposed to proximal hip fractures on comparison with the
normal subjects. But the difference between the intra capsular &

extra capsular fractures is negligible according to them.

2. M.B.Mikhail et al in his study suggested that the White women
have a higher rate of age specific hip fractures than Black
Women. In his study conducted with 50 White Women and 50
Black women by using DEXA in whom HAL, NSA are

measured. They are significantly lower in White women than
Page | 10



Black women (p<0.05 &<0.02 respectively). But NSA was not

statistically significant between two groups [20].

3. Cauley et al in 1994, in their work “Racial differences in the Hip
Axis Length might explain racial differences in rates of hip
fractures”,(22), suggested that, Hip axis Length(HAL), is an
independent predictor of the fracture pattern and also confirmed
in his study that those individuals with increased HAL have a

higher risk for proximal femoral fractures.

3. Independent of Osteoporaosis:

1. In 1996, Geusen is P in his study concluded that Hip Axis Length
(HAL), is the best documented geometric parameter of the
proximal femur. It is an independent predictor of hip fracture
risks. Also they identified that HAL associated with the hip
fracture risk is independent of age, height, weight, and femoral

bone density [23].

2. In 1999, Michelloti.J suggested that Hip axis length is of interest
because the individual hip fracture risk cannot be determined by

bone density alone, and the Hip Axis Length appears to be an
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independent risk factor easily obtained in course of bone density

measurements [24].

. In 2001, Wikin et al in his study “Bone densitometry is not a
good predictor of hip fractures”[25], concluded in their study that,
the parameters Hip Axis Length (HAL), Neck shaft Angle(NSA)
are able to predict the risk of hip fractures and bone mineral

density is not a good predictor of hip fracture.

. In 2002, Bergot V, Bousson A, Meenier et al in their work “Hip
fracture risk and proximal femur geometry”, concluded in their
study, that the Hip Axis Length (HAL) as a best predictor for
delineating the intra & extra capsular fractures. Also they stated

that, HAL is increased in the intra capsular fractures [26].

Differences in proximal femoral geometry results to

differences in types of proximal Femur:

1. In 1999, Gnudi, Ripamonti et al in their study “Geometry of
proximal Femur in the prediction of hip fractures in
osteoporotic women” [27], suggested that the Hip Axis
Length(HAL), Neck shaft angle(NSA), are increased in neck

of Femur fractures and they are independent predictors of the
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risk of developing fractures when compared to the bone

mineral density.

. In 2002, Gnudi S, Lisi et al in their study “proximal Femur
geometry to detect and distinguish femoral neck fractures from
trochanteric fractures in post menopausal women”(10),
suggested that the Hip Axis Length(HAL), Neck shaft
Angle(NSA) are much higher in intra capsular fractures than
in extra capsular fractures and also concluded their study by
suggesting that NSA is the best predictive parameter among
the tested parameters like Hip axis length, Femoral neck

length, femoral neck width [28].

. In 2003, Brownbill RA et al, suggested that it is essential to
develop some better ways to identify those people who are at
risk of hip fractures. They concluded that in their work that
Hip Axis Length (HAL), showed the greatest promise for
enhancing the fracture risks assessment in clinical setting,
followed by Neck Shaft Angle (NSA), then Femoral Neck
Width (FNW). In general the longer HAL, greater NSA,

increased FNW all increases the risks of fractures, though
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controversies exist due to use of different subject population

and measurement tools.

They concluded that the overall evidence suggests that
assessing the hip geometry parameters can significantly
improve the ability of identifying the people at risk of
fractures, but more improvements in the development of
special software for measuring is necessary. More time has to
be spent in research in order to make it applicable for clinical

settings [29].

. In 2006, Pulkinnen, Eckstein F in their work i.e. the
association of geometric factors and failure load level with the
distribution of cervical Vs trochanteric hip fractures”,
concluded that the femoral neck fractures predominate in the
lowest structural mechanical strength levels. But the
trochanteric fractures are more common at the high failure
loads. The best predictor of the fracture type across
all structural strength levels was the Neck Shaft Angle

(NSA) [30].

. Michael seanpartton et al in 2006,in his work “ proximal

femoral geometry and hip fractures” (11),in their study
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concluded that an rise/increase in Femora; neck Length(FNL)
in the studied population are well predisposed to intra capsular

fractures [31].

6. Reid et al in 1994, in their work “relationship between
increase in length of hip axis in older women and increase in
age specific rates of hip fractures”(32), brought about a fact
that an increase/rise in Hip axis Length(HAL) in the patients

are predisposed for developing the neck of Femur fractures.

5. Relavance of these studies for the Asian population:

1. Evans MC, Chin K et al in their work of” Differences in the
hip axis and femoral neck length in premenopausal women of
polynesian, Asian and European origin”[33], in 1997,
suggested that an increase/rise of the FNL (femoral neck

length) are less predisposed to the intra capsular fractures.

2. Nakamura et al, suggested from his work that, Japanese
women have lower risk of structural failure in femoral neck,
attributed primarily to shorter femoral neck and to a lesser
femoral neck angle. Geometric characteristics of femoral neck

in Japanese women are associated with their lower hip fracture
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risk and measurement of proximal femoral geometry,
combined with bone mass may provide further clinical

information [21].

Studies not favoring any relationship between proximal

femoral geometry and hip fractures:

In 2006, Szule P, Duboeuf F et al in their work ‘“structural
determinants of hip fractures in elderly women: re- analysis of
data from EPIDOS study”, concluded in a controversial manner
with the rest of the authors that the, femoral neck length and the
femoral external diameter are not good in predicting the risk of

hip fractures [34].

Panula J, P.T.Jaatinen, P.Aarnio et al in his study “’the impact of
proximal femur geometry on fracture type — a comparison
between cervical and trochanteric fractures with two
parameters(12)” in 2008, suggested that there are no significant
difference in the neck shaft angle (NSA) , Femoral Neck axis
Length(FNAL), between the intra capsular and extra capsular

fracture patients [35].
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7. Areas of interest and future prospects:

1. Measurements from the cadaveric bone have been done by RC
Siwach et al [36], the parameters like femoral head offset,
femoral head diameter, femoral head position, femoral neck
diameter, canal width at the level at the level of and 20mm above
and below lesser trochanter, endosteal, extra cortical width at

isthumus, FNAYV, NSA.

All the measurements made were compared with other Asian
populations and Western population, there was a significant
difference in the data. The impact of these findings on future
implant design in India is required. Thus in future the implants

made in India should be customised for our people.

2. Quantitative CT scan was used by Dennis M. Black et al. for
measuring femoral neck structure, volumetric bone density and
risk of hip fractures prediction from it. They suggested that the
proximal femur structural features were definitely related with

increased risk of hip fractures.

Thus CT analysis gives a good information regarding the
causation of fractures of hip, thereby evaluating the risk of hip fractures

and identifying the targets of therapeutic intervention.
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ANATOMY OF HIP JOINT

Type: Ball and socket variety of synovial joint.

It forms the primary connection between bones of lower limb and
axial skeleton of trunk and pelvis. The joint surfaces are covered with a

strong but lubricated layer called articular hyaline cartilage.

The cup like acetabulam forms at the union of 3 pelvic bones i.e.
ilium, pubis, ischium. The Y shaped growth plate that separates them,
I.e. the tri radiate cartilage, is fused by 14-16 yrs of age. Hip joint is a
special type of ball and socket joint where the roughly spherical head is
largely contained within the acetabulam and it has an average radius of

2.5cms.

Almost more than half of the femoral head is grasped within the
acetabulam and the grip is further augmented by a ring shaped fibro
cartilaginous lip, the acetabularlabrum , extending into the joint beyond
equator. Acetabulam is oriented inferiorly, laterally, anteriorly while the

femoral neck is directed superiorly, medially and slightly anteriorly.
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Articular surfaces:

Head of femur articulates with aceta

hip joint. Head of Femur forms more than

bulam of hip bone to form the

half of sphere and is covered

with hyaline cartilage except at the fovea capitis. The acetabulam

presents a horse- shoe shaped, lunate articular surface, an acetabular

notch and an acetabular fossa.

Lunate surface is covered with hyaline cartilage. Though the

articular surfaces on head of femur and on acetabulam are reciprocally

curved, they are not co- extensive.
Hip Joint

Lunate surface of acetabulum
Articular cartilage
Head of femur

Zona orbicularis

lliofemoral
ligament (cut)

| Ischiofemoral
ligament (cut)

lliofemoral ligament (cut)

/f? Anterior inferior iliac spine
/
' Acetabular labrum

Fat in acetabular fossa

.

Transverse acetabular
ligament

Pubofemoral ligament (cut)

Obturator artery

Obturator membrane

ligamentum teres: relaxed during

adduction - of little importance
Ligament of .
head of femur (cut) '™ adults
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Articular angles:

The transverse angle of the acetabular inlet(also known as Sharp s
angle and it is generally referred as acetabular angle). It can be
determined by measuring the angle between a line passing from the
superior to inferior acetabular rim and horizontal plane. At birth it is
about 51 deg and in adults it is 40 deg, it affects the acetabular lateral

coverage of femoral head.

The sagittal angle of the acetabular inlet is an angle between a

line passing from the anterior to posterior acetabular rim and the sagittal
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plane. It measures around 7 deg at birth and increases to 17 deg in

adults.

Wisberg s centre edge angle is an angle between a vertical line
and a line from the centre of femoral head to the most lateral part of

acetabulam.

The vertical- centre- anterior margin angle (VCA) is an angle
formed from a vertical line (V), and a line from center of Femoral
head ©, and the anterior (A) edge of dense shadow of subchondral bone
slightly posterior to the anterior edge of acetabulam, as the X rays taken
from the false angle, i.e. lateral view rotated 25 degrees towards

becoming frontal.

The articular cartilage angle (AC angle also K/A Hillgenreiner
angle) is an angle formed parallel to the weight bearing dome, i.e. the
acetabularsourcil and the horizontal plane or a line connecting the

corner of the tri radiate cartilage and the lateral acetabular rim.

The hip joint is unique in having a high degree of stability as well as

mobility. The stability/strength depends upon

1. Depth of acetabulam and narrowing of its mouth by

acetabularlabrum
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2. Tension and strength of ligaments.
3. Strength of surrounding muscles.
4. Length and obliquity of neck of Femur

5. Atmospheric pressure.

Hip Joint
Anterior View

lliofemoral ligament (Y ligament of Bigelow)

Anterior superior iliac spine-
lliopectineal bursa (over gap in ligaments)

Anterior inferior iliac spine-

Greater trochanter Superior pubic ramus

Intertrochanteric line. Obturator crest

Pubofemoral ligament

Lesser trochanter

Hip Joint

Posterior View

llivfemaral ligament

|zzhiofemaral ligamerit

Zona orbicularis

|zchial spine.

Greater trochanter

Intertrochanteric crest

Ischial tuberasity-
Le=ser trochanter

Protrusion of
synowial sac

2N
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Ligaments:

1. Fibrous capsule:

Attached on hip bone to the acetabularlabrum including the TAL
and to bone above and behind the acetabulam, over the Femur on IT line

in front and 1cm medial to the IT crest behind.

Capsule is made up of two types of fibers. The outer fibers are

longitudinaland inner are circular called as the zona orbicularis.

2. llio femoral ligament/ inverted Y shaped ligament of Bigelow:

Lies anteriorly, it is one of the strongest ligament in body. It
prevents trunk from falling backwards in standing posture. The ligament

Is triangular in shape.

Its apex is attached to the lower half of AIIS and base to the
intertrochanteric line. The upper oblique and lower vertical fibers forms

thick and strong bands, while middle fibers are thin and weak.

3.Pubofemoral ligament:

Supports the joint inferomedially. It s also triangular in shape.

Superiorly, it is attached to iliopubic eminence, obturator crest,
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obturator membrane. Inferiorly, it merges with antero inferior part of

capsule with lower band of iliofemoral ligament.

4. lIschiofemoral ligament:

This is comparatively weak. It covers the joint posteriorly. Its

fibers are twisted and extend from ischium to the acetabulam.

5. Ligament of Head of Femur/Round ligament/

ligamentumteres:

It is a triangular and flat ligament. Apex attached to fovea capitis,
base to transverse ligament and margin of the acetabular notch. It may
be very thin/absent. It transmits arteries to head of femur, from the
acetabular branches of Obturator and medial circumflex femoral

arteries.

6. Acetabularlabrum is a fibro cartilaginous rim attached to the
margins of acetabular rim. It helps in holding head of femur in

position.

7. Transverse ligament of acetabulam(TAL):

A part of acetabularlabrum which bridges the acetabular notch.
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Relations of Hip joint:

Anterior:

1. Lateral fibers of pectineus

2. Tendon of iliopsoas separated from the joint by a bursa
3. Straight head of rectus femoris

4. Femoral vein superior to Pectineus

5. Femoral Artery on tendon of Psoas.

6. Femoral nerve is groove between the Iliacus& Psoas.

Temoral vessels

femoral nerve
iliopsas
sartorius

rectus femaris
tensor fascia

I""- lata

i femoral head

gluteus medius

greater trochanter tip

sciatic nerve

gluteus maximus

crossection at hip joint

Posterior relations:

The joint, from below upwards,is related to following muscles,

1. tendon of Obturatorexternus covered by Quadratusfemoris
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2. Obturatorinternus and gamelli

3. Piriformis

4. Sciatic nerve

5. Gluteus maximus Muscle

Superior relations:

Reflected head of rectus femoris covered by G,minimus,

G.medius, partly by g.maximus.

Inferior relations:

Lateral fibers of Pectineus, and Obturatorexternus. In addition,

Gracillis, Adductor longus, brevis, magnus, hamstring muscles.

Blood Supply:

Lateral Epiphyseal
/ . Arteri
\.,‘.ﬁ“)" Ny
\ ,_“ W

Lateral
Circumflex A.

Femoral A—

Medial Circumfiex A.

rteries

Posterior-Superior
Retinacular Arteries
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Blood supply to Hip joint is as follows,

1. Obturator artery

2. Two circumflex femoral A —Medial & lateral

3. Two gluteal A

The medial & lateral circumflex femoral A form an arterial circle

around the capsular attachment on neck of Femur.

Retinacular A arise from this circle and supply the intra capsular
part of neck and the greater part of head of femur. A small part of head,
near the fovea capitis is supplied by acetabular branches of Obturator

and medial circumflex femoral artery.

Nerve Supply:

L1 anterior ramus

L2 anterior ramus

L3 anterior ramus

Lumbosacral trunk

flio-inguinal nerve — Superior gluteal nerve

Inferior gluteal nerve
Lateral cutaneous

nerve of thigh ——— A
Sacrotuberous ligament

Femoral branch of
genitofemoral nerve

Sacrospinous ligament —

Femoral nerve

Perforating cutaneous nerve

Posterior cutaneous nerve of thigh —
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Hip joint supplied by the Femoral nerve, anterior division of

Obturator N, Accessory Obturator N, N to Quadratusfemoris, Superior

gluteal nerve.

Movements at the Hip joint:

Movement Chief m Accessory muscles
Flexion Psoas major, lliacus Pectineus, Rectus
Femoris, Sartorius, add
longus
Extension G.maximus& Hamstrings | -
Adduction Add longus,brevis,magnus | Pectineus, Gracillis
Abduction G.Medius, G.minimus TFL, Sartorius

Medial rotation

TFL, Ant fibers of

G.Medius, G.Minimus

Lateral rotation

Two obturators, two

gamelli, Quadratusfemoris

Piriformis, G.maximus,

& Sartorius

Flexion limited by contact of thigh with anterior abdominal wall.

Adduction is limited by contact with opposite limb. Extension is

15 degree. Abduction is 40 degree. Adduction is 30 degree.
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ANATOMY OF PROXIMAL FEMUR

The femora/thigh bone is the longest & strongest bone of human

body. Just like any other long bone, it has 2 ends, the upper, lower & a

shaft.

Side determination:

1. Upper end bears a rounded head whereas the lower end is widely
expanded to form two large condyles.
2. The head is directed medially.

3. The cylindrical shaft is convex forwards.

Piriformis

Trochanteric fossa

Attachment site for
piriformis muscle

Greater trochanter

Attachment of
Greater trochanter gluteus minimus

Obturator intermus

Attachment site for Neck
gluteus minimus Intertrochanteric
e Oval depression for

obturator externus

Vs Quadrate tubercle

trochanter
End of intertrochanteric line

Lesser trochanter

Pectineal line (Spiral ling)

Shaft
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Anatomical position:

Head directed medially upwards and slightly forwards.Shaft is
directed obliquely downwards and medially so that the lower surface of

two condyles of Femur lie in the same horizontal plane.

Upper end:

The upper end of Femur includes head, neck, greater trochanter,

lesser trochanter, inter trochanteric line, intertrochanteric crest.

Head:

Head forms more than half a sphere and is directed medially
upwards and slightly forwards. It articulates with acetabulam to form
hip joint. A roughened pit is situated just below and behind the centre of

head, this is called fovea.

Blood supply:

1. Smaller, medial part of head near fovea, is supplied by
medial epiphyseal arteries, derived from the posterior
division of Obturator A and from the ascending branch of

the medial circumflex A. The artreries enter the acetabular
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notch and then pass along the round ligament to reach

head.

2. Larger, lateral part of the head is supplied by lateral
epiphyseal A which are derived from the retinacular

branch of MCFA.

This contributes the main supply and damageto it results in
necrosis of head, following fractures of neck of femur. After epiphyseal
fusion, the lateral epiphyseal A anastomoses freely with the metaphyseal

vessels.

NECK:

It connects the head with the shaft and is about 3.7cm long.
It makes an angle with the shaft. The Neck shaft Angle(NSA) is about
125 deg in adults. It is less in females due to their wide pelvis. The
angle facilitates movements of the hip joint. It is strengthened by a

thickening of bone called the calcarfemorale present along its concavity.

Neck has two borders and two surfaces.
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a) Upper border- concave and horizontal, meets the shaft at

greater trochanter.

b) Lower border- straight, obligue meets the shaft near lesser

trochanter.

Surfaces of the neck:

a) Anterior —flat, it meets the shaft at the inter trochanteric line,
entirely it is intra capsular. Articular cartilage of head may

extend to this surface.

b) Posterior — Convex from above downwards and concave from
side to side. It meets the shaft at the inter trochanteric crest.
Only alittle more than its medial half is intra capsular. It is
caused by a horizontal groove for tendons of

Obturatorexternus.

The angle of femoral torsion or angle of femoral anteversion is
formed between the transverse axis of upper and lower ends of Femur.

It averages between 10 deg to 15 degrees.
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Blood supply:

The intra capsular part of neck is supplied by retinacular
arteries derived chiefly from the trochanteric anastomosis. The vessels
produce longitudinal grooves and foramina directed towards the head,
mainly on the anterior and postero superior surfaces. The extra capsular
part of the neck is supplied by the ascending branch of the Medial

circumflex artery.

Greater trochanter:

Obturator {nternus and Gemelli
By riformis

il s
Insertion of Obturator
exlernus

|
|

Fovea capitis,
for lig, teres
g Greater trochanter
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This is a large quadrangular prominence located at the upper part
of the junction of neck with the shaft. The upper border of trochanter

lies at the level of the centre of head.

Greater trochanter has an upper border with an apex , three
surfaces, anterior, medial, lateral. The apex is inturned posterior part of
posterior border. The anterior surface is rough in its lateral part. The
medial surface presents a rough impression above, a deep trochanteric
fossa below. The lateral surface is crossed by an oblique ridge directed

downwards and forwards.

Lesser trochanter:

It is a conical eminence. It is directed medially and backwards

from the junction of posteroinferior part of neck with the shaft.

Intertrochanteric line:

It marks the junction of the anterior surface of the neck with shaft
of Femur. It is a prominent roughened ridge which begins above, at the
anterosuperior angle of greater trochanter as a tubercle and is continuous
below the spiral line, in front of lesser trochanter. The spiral line winds
around the shaft below the lesser trochanter to reach the posterior

surface of shaft.
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Intertrochanteric crest;

It marks the junction of the posterior surface of the neck with

shaft of femur. It is a smooth rounded ridge.

Attachments on Femur:

Obtumatar internus and gemelli

- Attachment of ligamentum terey

Edge of articular surface

Gluteus medius -/

(R~ ———

CGireuter trochanter
' Anterior intertrochanteric line

N I
Vastus externus——» (K !
Wi

)
WA !&j Lesser trochanter god proas muscle
.

L8 111, S T —

Fovea on head of Femur provides attachment to the ligament

of the head of femur or the round ligament or the ligamentumteres.
Attachments on the greater trochanter are as follows,
1. Piriformis is inserted on the apex.

2. G.Minimus inserted into the rough lateral part of anterior surface.
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3. O.internus and the two gamelli are inserted into the upper rough

impression on the medial surface.

4. The obturatorexternus is inserted into the trochanteric fossa.

5. G.medius is inserted into the ridge on lateral surface. The
trochanteric bursa of gluteus mediusliesin front of ridge and the

trochanteric bursa of gluteus maximus lies behind the ridge.

Attachment of ’/
the lighmentum tores

Edgo of artioular surfaon
Gluteus modiug

8 Greater trochanter
Postetior intertrochanteric line :
B Quadmatud femaris

Adductor magnus
Vastus extornus

Adductor brevis

dductor longuy

Attachments on lesser trochanter are

1. Psoas Major inserted on the apex and medial part of rough

anterior surface.
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2. The lliacus is inserted on the anterior surface of base of the

trochanter and on the area below it.

3. The smooth posterior surface of the lesser trochanter is
covered by a bursa that lies deep to the upper horizontal fibers

of adductor magnus.

Attachments on the inter trochanteric line are

1. Attachment to capsular ligament of the hip joint.

2. Attachment to upper band of iliofemoral ligament in its upper

part.

3. Attachment to the lower band of iliofemoral ligament in its

lower part.

4. Origin to the highest fibers of the v lateralis from upper end

5. Origin to the highest fibers of V,medialis from the lower end of

line.

6. Quadratus tubercle receives the insertion of Quadratusfemoris.
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Nutrient artery to femur:

‘ MY \—‘lfent}a(al
f W  Circumflex
Lateral Al Profinds
Femoral > | p =
Circumflex ) emori
/A4 ¥ artery

Descending | |/ | )
Branch \ X Adductor lo
& '\
\ &
_»Perforating \ Femoral artery 1

arteries :
Adductor hiatus *

It is derived from the second perforating artery. If it is absent, it is
replaced by two nutrient arteries derived from the first and third

perforating artery.

On the medial side of lineaaspera, the nutrient foramen is located

upwards.
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Ossification:

Appears at W 4 Appears at
A year ; I\(‘ / - 2 end n»f 188 yr. ;
'.:.u~(» wiy t > v yo l-"_ﬁ"‘.ll
about 18th yr. g . about I1StA yr
% ’
LS \ = Appears 13th-14tA
i o year ; Joins b ._v'y
N S abowt 18tA year
’ i
\ l\i
Body
-y
i
’|
,"]r]-tl' Joins ‘)-a{y a
MA month 20¢A year
f:.’u’[

Femur ossifies from one primary centre and four secondary
centres. Primary centre for shaft appears in 7" week of intra uterine life.
Secondary centre appears, one for the lower end at the end of 9"mon of
intra uterine life, one for head during the first six months of life, one for
the greater trochanter during the fourth year and one for the lesser

trochanter during the 12" year.

There are 3 epiphyses at upper and one epiphysis at lower end.
The upper epiphysis, the lesser trochanter followed by greater trochanter
and head in that order. All these structures are fused with shaft at about

18 yrs. The lower epiphysis fuses by 20" year.
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NECK OF FEMUR/INTRA CAPSULAR FRACTURES

Mechanism of injury:

A trivial fall in elderly individuals especially females, are
predisposed to develop these fractures. The femoral neck is relatively

weaker immediately just below the articular surface.

Femoral Neck Fracture

Hip Socket
(Acetabulum)

Femur
(Thigh Bone)

Neck Fracture
Pelvic Bone

The proximal and supero lateral area of the neck and head of
femur are those areas where bone loss is higher than rest of the areas

and those results are confirmed by quantitative Computed Tomography.

In case of the younger patients, these fractures are usually

caused by high velocity trauma.
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These fractures occurs as isolated in majority of individuals,
yet they may be accompanied by the fractures in upper limb i.e.
proximal Humerus/ distal radius or in the lower limb, i.e. They may be

associated with ipsilateral shaft of Femur fractures.

Many medical co-morbid conditions like diabetes mellitus,
angina/myocardial infarction, paralytic disorders, epilepsy, stroke can be
associated, which requires prompt treatment and each has its own

Impact in the post operative recovery and rehabilitation.

History and physical examination:

A history of trivial fall will be associated in the history in
elderly. In younger individuals, a high velocity automobile collisions or
a repetitive physical activity causing stress fractures are much more

common.

Those females with a triad of anorexia, osteoporosis,
amenorrohoea, are more predisposed to develop the neck of femur

fractures.
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Risk factors predisposing to neck of Femur fractures

|

. Corticosteroid treatment

2. Rheumatoid arthritis

3. Chronic kidney disease

4. Endocrine disorders especially involving parathyroid gland

5. llicit alcohol and drug abuse.

All these factors can cause decreased bone mineral density and
thereby making the individuals more susceptible to neck of femur

fractures.

On physical examination:

In an undisplaced neck of femur fracture, there will be no obvious
deformity and they will have severe pain on movements. In displaced
fracture neck of femur, the lower limb involved is classically externally

rotated and shortened with painful movements.

Examine for any bed sores/pressure sores as they may increase
the chance of wound infection and thereby the mobilization of patient

during the post operative period is impeded.
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Pre operatively, for all these patients skeletal traction is applied,
so as to reduce the pain, and thereby reducing the fracture, maintaining

the traction obtained.

But many studies have raised the question about its worthiness, so
many centres have even abandoned the traction for neck of femur

fractures.

Imaging and diagnostic modality:

Plain ray AP view with traction and internal rotation of 15 degree

will be sufficient in giving much information.

Lateral views will provide information about its displacement but

the patients will experience excruciating pain.

If X rays are not informative /inconclusive, MRI will be the
procedure of choice, as it rules out the other soft tissues that may be a

causative factor of pain.

Dual energy Xray Absorptiometry has a definitive role in

identifying the osteoporotic individuals.

X rays for other parts of the body, if associated injuries are
present.

Page | 43



Classification of Femoral Neck fractures:
Garden classification:

Most commonly wused, it consists of four groups. The
classification is based on the degree of displacement based on an AP
view of pelvis, where the relationship between trabecular lines in the

acetabulam compared with the femoral head.

The trabecular lines in femoral head normally correlates with that

of acetabulam.

Garden classification

Gardem / <& Garden 2 | \%

\ |
\)‘ \&

.
)
/

Type I:

Incomplete fracture. Valgus impacted sub capital.
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Type II:

Complete, undisplaced

Trabecular lines of head are collinear with those in acetabulam

and neck of Femur.

Type IlI:

Complete, incompletely displaced

Head in Varus and the head has not completely lost contact

with femoral neck.

The trabecular lines are angulated.

Type 1V:

Complete fracture and usually it is completely displaced.

Neck and head will loose the contact completely.

Trabecular lines of acetabulam and haed are collinear, but

alignment lost with neck.
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Pauwels classification:

This classification is based upon the angle/plane of fracture

in femoral neck.

Type | : less than 30 degree

Type 11 : 30-50 degree

Type H1I: >70 degree

The classification is based on whether the fracture plane is

vertical/ oblique/transverse, three types are created.

This classification was considered to be predicting the fixation
failure outcomes, but many studies have proven it as inconclusive.

It was said that, the instability increases as the angle is increasing.
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AO/OTA classification:

Not popular as it is complex. This is an alphanumeric system
based on the bone involved, location of fracture and fracture

morphology.

Femoral neck designated as 3-1,

B1- undisplaced

B2- transcervical

B3- subcapital.

Femur, p neck fracture, slight displ (31-81)
1. Impacted in vaigus >15" 2. Impacted in valgus <15’ 3. Nonimpacted (31-81.3) (Garden 2)
(31-81.1) (Garden 1) (31-B1,2) (Garden 1/2)
(1) posterior tilt <15° (1) posterior tilt <15°
(2) posterior tilt >15° (2) posterior tit >15°
B1
Femur, p neck fr v vical (31-82)
1. Basicervical (31-B2.1) 2. Midgcervical adduction (31-82.2) 3. Midcervical shear (31-B2.3)
B2
Femur, proxi neck fr , sub-capital imp d displaced (31-B3)
1. Moderate displacement in varus and 2. Moderate displacement with verti- 3. Marked displacement (31-B3.3)
external rotation (31-83.1) (Garden 3) cal translation and external rotation (Garden 3/4)

(31-B3.2) (Garden 4) (1) in varus

(2) with translation

B3
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Treatment

Based on classification,

In an undisplaced femoral neck fractures internal fixation by

cannulatedcancellous screws.

In displaced femoral neck fractures

1. Reduction and internal fixation by cannulatedcancellous

SCrews.

2. Hemi arthroplasty —~AMP, Thompsons , Bipolar prosthesis.

3. Arthroplasty .
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INTERTROCHANTERIC FRACTURES /EXTRA

CAPSULAR FRACTURES

Mechanism of injury:

Low energy fall in elderly individuals and higher energy trauma

in younger individuals predisposed to IT fractures.

Associated injuries:

In elderly patients fractures of upper limb like proximal

humerus/ distal radius may occur.

In younger patients, because of high energy involved it may be
associated with pelvic fractures, head injury, ipsilateral extremity

trauma.
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History and clinical examination;

A history of injury of fall and pain localized over the proximal

thigh and it is severely increased on movements.

The limb will be shortened and externally rotated and the lateral
border of foot may be in touch with the ground as the lateral border of

foot may be in touch with the ground as the capsule is completely torn.

Risk factors for these group are corticosteroid treatment, chronic
kidney diseases, alcohol and drug abuse, also included are protein

calorie malnutrition, vit D deficiency disorders.

Imaging:

1. X ray pelvis with both Hips —Antero posterior view- traction and

internal rotation of 15 degrees.

2. If required CT/MRI may be taken.

Page | 50



Classification:

Boyd & Griffin classification:
'})

Typa | Typa ll Type il Type IV

It predicts the difficulty of achieving, securing, maintaining the

reduction in to four groups.

Type 1:

Stable, a fracture line extending from the lesser trochanter to

greater trochanter.

Type II:

Comminuted and unstable.

Type IlI:

Reverse oblique i.e. subtrochanteric extension into lateral shaft
at the level or just below lesser trochanter.
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Type 1V:

IT fracture with sub trochanteric extension and lying in more

than one plane.

Evans classification:

Stable

) ﬁ

Unstable Unstable Unstable

Type |I:

Stable, intact medial cortex, either undisplaced/ displaced but

anatomically reduced to stability.

Type 2:

Anteromedial cortex destruction.
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Unstable — displaced and fixed in an unreduced position, reverse

obliquity.

Orthopaedic and Trauma Classification :

Classified into three groups and each group divided into sub

groups based on obliquity of fracture line and degree of comminution.

Group | :

Simple 2 part fractures, with typical oblique fracture line

extending from the Greater trochanter to medial cortex.

Lateral cortex remains intact.

Group 2:

Unstable, comminuted fractures with a postero medial fragment.

Intactness of the lateral cortex remains stable.

Group 3:

Both the medial and lateral cortices have extension of fracture

line and this includes the reverse obliquity fractures.
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Treatment:

1. Non operative — only in the elderly patients with medical co-

2.

morbidities.

Operative:

Options available are plenty and each have its own advantage and dis

advantage.

a) Sliding hip screws

b) Hybrid locking plates
c) Cephalomedullary nails
d) External fixation

e) Arthroplasty

Depending upon the age and the fracture patterns the implant is

selected.
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DEFINITIONS

Hip axis length:

It is defined as the distance along the femoral neck axis from base

of trochanter to pelvic brim.

It is an independent predictor of hip fractures risk , regardless of

age, height, weight, femoral bone density.
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FEMORAL NECK AXIS LENGTH:

It is defined as the length between the medialborder of the base of

greater trochanter to the femoral head.
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NECK SHAFT ANGLE:

It is defined as the angle between the anatomical axis of the

femoral shaft and the neck of the femur.

Shaft midline

Vertical
Length

Neck Shaft Angle / l

Neck midline

% A

Horizontal Length

Femoral head diameter

*

'] Vertical offset

|

Nec;

shaftangle

~ / b v i
Horizonrtal of!;se )

Starting peint for lesser trochanter ‘\ -y | \
t !

Lesser trockanteric line

Femoral shaft axis

This figure elicits all the parameters of measurement in the
proximal femur.
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MATERIALS AND METHODS

Study subjects:

This is a prospective comparative case study of 118 patients who
suffered from the proximal hip fractures, from a period of January 2013
to August 2014. Of these patients, 58 had intra capsular fractures and 60

patients had extra capsular fractures.

Inclusion criteria:

All the skeletally mature adults, who have sustained hip fractures,

are eligible.

Exclusion criteria:

|

. Patients with poly trauma
2. Patients with malignant disease
3. Patients with pathological fractures.

4. Patients on medications which are known to affect the bone

metabolism.
5. Patients who are aged less than 18 years.
6. Patients with pelvic obliquity.

7. Patients with Sr. Calcium level <10mg/dl.
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From all the patients, an informed consent was obtained after
completely explaining the procedure. The study protocol was approved

by the institutional ethical committee.

MATERIALS AND METHODS

All those patients with proximal hip fractures who attended the
out-patient department and the trauma ward of the Stanley Medical
College, between the period of January 2013 to August 2014 were

considered for the study.

Based on the initial Xrays presented they were classified into two
distinct groups based on the pattern of fracture they have sustained.
Thus the two groups are the Neck of femur / intracapsular fractures and

the other one is the inter trochanteric fractures /extracapsular fractures.

Those patients who were skeletally immature(<18yrs) are not
accounted for the study. All the adults who had fracture in proximal
femoral region are subjected to the basic investigations like complete

blood count, ESR, mantoux, chest X ray for evaluation.

The individuals on steroids treatment for any medical ailments
were excluded. The persons who turned to be Mantoux positive were

excluded from the study. In some individuals there were metastatic
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lesions in the chest x ray and they are not included in the study further.
In some other patients who are suffering from the congenital anomalies
and the paralytic disorders like polio were not included further for the

study.

All those patients who presented to the trauma ward were
evaluated for associated injuries. Those patients who had head injury/
pneumo or hemothorax or pelvic fractures or the fractures involving the

skeletal extremities are not included.

Now all the remaining patients who were screened out were
considered for the rest of the study. These patients were subjected to
digital X ray pelvis with both hips antero posterior view with traction

and internal rotation of limbs by 15 degree.

neck of femur
fractures

intertrochanteric
fractures

-
patients evaluated and
subjected for exclusion criteria
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Basic investigations Specific investigations

After exclusion rest of patients further evaluated

Digital Xray pelvis with both hips _AP view

internal rotation of limbs -15

Traction
degree

Measurements

FNL, HAL, NSA Tabulation & Statistical analysis

Positioning of the patient:

The patient will be in supine position while taking these X rays
with their arms adducted and their forearm over the chest. In all these
Xray films, when taken, the distance between the source and the cassette
Is kept at a constant distance of 100 cms, to avoid the magnification

errors while measuring the parameters.
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Once the film has been taken, the measurement of FNL, HAL,
NSA was done for every patient from the opposite uninvolved limb, in
the central radiology console of the Radiology Department of Stanley
medical college. To avoid the inter observer variability all these
measurements have been done by the same observer who had received

a orientation class about using the software.

The digital X rays taken have a standard magnification of 10%.
So from each of the value measured, 10% of the value from original
have been adjusted and noted. Every individual s parameters had been

noted in a sequential manner.

The measurement of these parameters were made directly from
the dedicated “MEDPACS” software solution directly from the
computer, by means of the measurement tools provided in it. None of

the values have been measured from the printed films.

Measurements:

In every patient s Xray the radiological ID provided by the
Department have been noted. All these measurements were made from

the contralateral uninvolved sound hip joint.
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The hip axis length is the distance between the lateral edge of the
trochanter and the inner table of the pelvis. On drawing the line through
the software, equal distance between the axis of neck and either side of

the neck was maintained. It is measured in centimetres.

FNL is a component of HAL and it is measured from the medial
flare i.e. an imaginary line connecting from the superior border of lesser
trochanter to greater trochanter medial aspect to the flare of femoral

head.

The NSA measured by means of drawing a line along the
anatomical axis of the Femur and a line passing through the axis of

neck. It is measured in degrees.

Measurement of HAL:
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Measurement of the femoral neck length:

It is defined as the distance between the two perpendicular lines
which transects the hip axis length one at the level of the trochanter and

the other one at the level of head flare.

LH

o]

Measurement of the neck shaft angle:

The anatomical axis of the femur is defined for each xray. It is
defined as the line passing through the centre of the shaft of Femur from
the superior end to the inferior pole. The other line accounted here is the
axis of the neck of femur. So the angle formed at the intersection of

these two lines forms the neck shaft angle.
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This modality of measurement had been done for every

individual.

All the patient s parameters were then tabulated by means of
classifying them into groups based on the age. These are then matched
and their age groups of other type of fracture. For comparison, students

T test of individual variables have been utilized.

Statistical analysis:

The statistical analysis was performed with SPSS, Social Package
statistical software (version 16,SPSS, Chicago, Illionis, USA). Pearson s
linear coefficients were calculated between the variable. Student s t test
of independent variables was utilized to compare the two different

groups with the parameters measured, i.e. FNL, HAL, NSA. A stepwise
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multiple linear regression analysis was carried out to find the
relationship between the measured parameters and the fracture pattern
sustained. The criteria for stepwise analysis to continue the iteration ,

until the limit of P = 0.05 was reached.

The sensitivity and specificity of each model was tested by
calculating the area under the receiver operating characteristic curve,
using the SPSS statistical software. Statistical comparison between the

areas under curves was also performed.
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Table 1:

OBSERVATION & RESULTS

Total number of patients:

S.No. Type of fracture Nos. Total
1 Intra capsular 58
2 Extra capsular 60
118

® intra capsular
m extra capsular
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Intra capsular fractures age wise distribution

Table -2:
S. no. Age group Nos. Total
1 31-40 3
2 41-50 3
3 51-60 10
4 61-70 29
5 71-80 12
6 81-90 1
58
No. of patients
35
30
25
20
15 B No. of patients
10
o B R
o/ H o N N .

31-40 41-50 51-60 61-70 71-80 81-90
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The above group of patients is divided into two groups as younger

(31-60) & older (61-90) for comparison and to understand the etiology.

Table 3
S. no. Age group Nos. Total
1 31-60 16
2 61-90 42
58

no. of patients
60

50

40

30

M no. of patients

20

10 -

31-60 61-90
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Sex distribution of patients

Table 4

S.no. Sex Nos. Total
1 Male 28
2 Female 30
58
Nos.

m male
m female
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Extra capsular fractures

Total no. of Patients

Table 5
S. no. Age group Nos. Total
1 31-40 2
2 41-50 15
3 51-60 21
4 61-70 18
5 71-80 3
6 81-90 1
60
No. of patients
25 -
20 - I _
15 - i
10 1 ® No. of patients
5 | a_—
0 ..i_/ "L o "L — "L — ..._/ ‘_=_/7
31-40 41-50 51-60 61-70 71-80 81-90
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Table 6

S. no. Age group Nos. Total
1 31-60 48
2 61-90 12
60
no.of pts
60
50
40 -
30 -
M no.of pts
20 -
10 -
0 -
31-60 61-90
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Sex distribution of patients

Table 7

S.no. Sex Nos. Total
1 Male 45
2 Female 15
60

3140 41:50 51 60

-80 g1.90

M intra capsular

B extra capsular

intra capsular
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Mean of NSA in intracapsular fractures:

Age Mean value(IC) Mean value (EC)
31-40 131.42 126.78
41-50 122.94 123.87
51-60 138.73 124.71
61-70 124.813 124.82
71-80 124,76 124.19
81-90 123.13 123.47

Age Mean -I1C Mean- EC

31-60 131.03 125.12

61-90 124.23 124.16
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COMPARISION OF FEMORAL NECK LENGTH OF THE
INTRA AND EXTRA CAPSULAR FRACTURES

Age group| Frequency Percentage
31-40 ) 4.2
41-50 18 15.3
51-60 31 26.3
61-70 47 39.8
71-80 15 12.7
81-90 2 1.7
Total 118 100.0

Test of FNL values between IC and EC group

Group Statistics

Std.
Grp N Mean | Deviation | P-value | Results
FNL_cms IC 58 | 2.5459 | .41119 0.997 |not
EC | 60 | 25456 | .43966 significant

Page | 76




Test of FNL values between IC and EC among age group 31-60

Std.
Grp N Mean | Deviation | P-value | Results
FNL cms IC 16 2.5907 36791 Not
EC | 38 |25059| .38532 | 0.458 [significant

Test of FNL values between IC and EC among age group 61-90

Std.
Grp N Mean | Deviation | P-value | Results
FNL_cms IC 42 | 25288 | 42948 Not
Ec | 22 |26141| 52320 | 0.487 [significant

Test of FNL values between IC and EC among age group 31-40

Grp| N Mean |Std. Deviation| P-value | Results
FNL cms IC 3 2.7087 .36830 0.891 Not
EC | 2 | 2.7500 07071 significant
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Test of FNL values between IC and EC among age group 41-50

Grp N Mean (Std. Deviation| P-value | Results
FNL_cms IC 3 | 2.2867 47290 0.363  |yot
EC | 15 | 2.4967 33440 significant

Test of FNL values between IC and EC among age group 51-60

Std.
Grp N Mean Deviation | P-value | Results
FNL_cms IC | 10 | 26465 | .32687 Not
EC | 21 |24893| .43569 0.321 [significant

Test of FNL values between IC and EC among age group 61-70

Std.
Grp N Mean | Deviation | P-value | Results
FNL_cms IC 29 | 2.4783 | .37236 0.181 |\
EC 18 | 2.6472 | .47610 significant
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Test of FNL values between IC and EC among age group 71-80

Grp | N | Mean |Std. Deviation| P-value | Results
FNL_cms IC | 12 | 2.6241 | 55547 ot
EC 3 2.6167 .86904 0.990 significant

COMPARISON OF HIP AXIS LENGTH OF

INTRACAPSULAR FRACTURES WITH EXTRA

CAPSULAR FRACTURES

Test of HAL values between IC and EC

Group Statistics

Std.
Grp N Mean | Deviation | P-value Result
HAL_ IC 58 [11.3801| 1.14537 0.374 NS
EC 60 11.2108| .89712 Significant)
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Test of HAL values between IC and EC among age group 31-60

Std.
Grp N Mean | Deviation | P-value| Result
HAL _cms IC 16 |11.8881| 1.07745 0.007
significant
EC 38 |11.0919| .89799

Test of HAL values between IC and EC among age group 61-90

Group Statistics

Std.
Grp N Mean | Deviation | P-value | Result
HAL _ ic | 42 |11.1866| 1.12251 | 0.408
NS
cms ec | 22 |114161| .87786

Test of HAL values between IC and EC among age group 31-40

Std.
Grp N Mean | Deviation | P-value| Result
HAL IC 3 12.5100| 1.04360
NS
cms ec | 2 |119700| .89095 | 0.594
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Test of HAL values between IC and EC among age group 41-50

Grp| N Mean | Std. Deviation | P-value | Result
HAL  IC 3 | 114433 | 1.40657
NS
M ec | 15 | 109649 | 1.09591 | 0516

Test of HAL values between IC and EC among age group 51-60

Grp| N Mean | Std. Deviation | P-value | Result
HAL cms IC | 10 | 11.8350 1.02721 0.028
Significant
EC| 21 | 11.0990 72261

Test of HAL values between IC and EC among age group 61-70

Grp | N | Mean | Std. Deviation | P-value| Result
HAL  IC |29 11.1630 1.09424 0.256
NS
M ec |18 11.5050 79218
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Test of HAL values between IC and EC among age group 71-80

Grp | N | Mean | Std. Deviation | P-value | Result
HAL cms IC | 12 | 11.1417 1.22838
NS
EC | 3 |11.4633 1.08039 0.686

COMPARISON OF NECK SHAFT ANGLE OF INTRA

CAPSULAR AND EXTRA CAPSULAR FRACTURES

Test of NSA values between IC and EC

Std.
Grp | N Mean Deviation | P-value | Result
NSA deg IC | 58 | 124.96E2 4.16166
NS
EC | 60 | 124.60E2 2.63994 0.583

Test of NSA values between IC and EC among age group 31-60

Std.
Grp N Mean Deviation P-value | Result
NSA deg IC 16 | 125.74E2 | 4.05093
NS
EC | 38 | 12459E2 | 2.52954 0.213
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Test of NSA values between IC and EC among age group 61-90

Std.
Grp N Mean Deviation | P-value | Result
NSA deg IC 42 | 124.66E2 | 4.21309 0.973
NS
EC 22 |124.63E2| 2.88194

Test of NSA values between IC and EC among age group 31-40

Std.
Grp| N Mean Deviation | P-value | Result
NSA deg IC 3 | 131.43E2 | 5.74332 0.393
NS
EC 2 | 126.78E2 | 3.50018

Test of NSA values between I1C and EC among age group 41-50

Std.
Grp N Mean Deviation | P-value | Result
NSA deg IC 3 | 122.95E2 | 3.78783
NS
EC | 15 | 124.15E2 | 2.83101 0.531
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Test of NSA values between IC and EC among age group 51-60

Std.
Grp | N Mean Deviation |P-value| Result
NSA deg IC | 10 | 124.86E2 1.61264
NS
EC | 21 | 124.70E2 2.23056 | 0.832

Test of NSA values between IC and EC among age group 61-70

Std.
Grp N Mean Deviation | P-value | Result
NSA_deg IC 29 |124.76E2| 4.50033 0.885
NS
EC 18 |124.93E2| 2.77715

Test of NSA values between IC and EC among age group 71-80

Std.
Group| N Mean Deviation | P-value | Result
NSA deg IC | 12 | 124.30E2 | 3.76701
NS
EC | 3 | 124192 | 3.51510 0.964
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SPSS Version 16- package was used for statistical analysis. Statistical

tool.

T-test for two independent samples was employed .

In our study, the test of Hip Axis Length (HAL), among the age
group of 51- 60 with p value of 0.028 is significant and also on
comparison of the two groups as older and younger the HAL in the age
group of 31 -60 is significant with p value of 0.007 on comparison

between IC and EC fractures.

The Intra capsular fractures in the 51 -60 age group had a mean
of 11.8350 with standard deviation of 1.0271 and the extra capsular

fractures had a lesser mean of 11.0990 with standard deviation of

0.72661.
Fracture type Mean value | Standard deviation
Intra capsular 11.8350 1.0271
Extra capsular 11.0990 0.72261

Similarly in the age group of 31- 60yrs the intra capsular

fractures had a mean of 11.8881 and standard deviation of 1.07745 and
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the extra capsular fractures had a mean of 11.0919 with a std. deviation

of 0.89799.
Fracture type Mean value | Standard deviation
Intra capsular 11.8881 1.07745
Extra capsular 11.0919 0.89799

Thus in our study, the HAL is increased in the intracapsular/

femoral neckfractures on comparison with extra capsular fractures.

As most of the literature says the HAL had been an independent risk

factor and thus increased in the neck of femur fractures.

Femoral Neck Length

Fracture type Mean value Standard deviation
Intra capsular 2.5459 0.4119
Extra capsular 2.5456 0.43966

Statistically, in our study FNL has no difference between the two

fracture groups.
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Neck Shaft Angle

Fracture type | Meanvalue | Standard deviation
Intra capsular 124.96 4.1616
Extra capsular 124.60 2.6938

Statistically, in our study NSA has no difference between the two

fracture groups.
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ILLUSTRATIONS

The software used is shown below,

'
3

@ mecHiff

The measurement tool,
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2.FNL

3.NSA
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DISCUSSION

Bone geometry has been shown to be important for the evaluation
of risk of fractures in an individual especially in the proximal Femur.
Biomechanically , at the tissue level the mechanical properties of bone
are determined by both material quality and bone structure i.e. strength
of bone is influenced by both the material of which the fracture is
composed and also the distribution and organization of the material

content.

Some of the functions of bone are mechanical support, soft tissue
protection and acting as the sites of attachment and origin and the most
important part of Calcium metabolism i.e maintaining the homeostasis
of Calcium in the body. Thus for providing the sufficient strength and
stress on loading or reception of stress the bone has got specific bio

mechanical properties.

Thus a significant role is played by the geometrical configuration
and the bio material characteristics in providing the ample strength and

stress. The calcified matrix within the bone determine the bone density.
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Quality of Quabone

Bone geometry (molecule, ,
] ) Density of bone
micro architecture, macro

geometry)

.

Bone strength and

stiffness

Thus the hip structure anatomy seems to be an important
determinant in predicting the risk of hip fractures (38). It has been
suggested that cervical fractures are much related to pelvic
geometry/anatomy of hip joint and trochanteric fractures to the
osteoporosis in the trabecular compartment of neck and trochanteric

region [39].

The size, shape and structure of bone are the components of so
called “bone quality” [43]. In selecting the parameters, we regarded the
proximal Femur as a cantilever and assumed that the angle, length are
most critical. Of these, the HAL, FNL, NSA were considered to be the

most reliable measures to be determined in our study.
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Our study results on comparison with others,

Study HAL P values
Cervical (cm) | trochanteric(cm)

Duboeuff et al 9.42 9.25 >0.001
N=42 N=24

Michael et al 13.88 13.39 >0.001
N=50 N=50

Our study 11.88 11.09 >0.001
N=58 N=60

Thus the p value is significant and thereby , there exists an
association between the hip fractures and the geometrical structure.
HAL had been shown to predict the hip fractures independent of age,
BMD [40]. As each SD increase in HAL it is associated with 1.8 times
the risk of hip fractures [41], this effect is being independent of bone

Mass.

Page | 93



On comparing the NSA and FNL with others,

Partanen J et al N NSA(degrees) FNL (cms)

Cervical # 46 135.7 2.6

trochanteric # 24 130.03 2.6

Pannula J et al N NSA(degrees)

Cervical # 266 133.2 +/-6

Trochanteric # 162 132.4 +/-6.4

Michael J et al N FNL(cms)
Cervical # 50 3.23
Trochanteric # 50 2.755
Our study N NSA(degrees) FNL (cms)
Cervical # 58 124.96 2.5459
Trochanteric # 60 124.60 2.5456

Thus there is no statistical significance between these two

populations, as compared with other studies.
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NSA was found to be significantly higher in patients with IC
fractures than EC fractures in a study by Partanen et al [44]. His study
material consists of 46 cervical and 24 trochanteric fractures. Like our

study FNL between the two types of fractures is not significant.

A wider NSA was detected by Gnudi et al in a cross sectional
study involving 88 cervical, 93 trochanteric fractures involving
menopausal women over 69 yrs of age. But unlike our study, all the
measurements were taken from DEXA scan. Yet the reason for
differences in NSA between intra and extra capsular fracture could not

be explained by the patient [45].

Xray pelvis with both hips — antero posterior view had been taken
in a study group involving 23 cervical , 20 trochanteric fractures with
119 controls by Michelotti et al [45]. As in our study, there was no

difference in NSA/FNAL between the two fracture groups [46].

FNL just like other proximal femoral dimensions highly depends
on height of the individual [47], Bergot et al also observed that the FNL
was independent of age as in our material although we did not measured

the height of the patients at all.
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Thus from our study we are not able to detect any difference
between the intra and extra capsular fractures by means of the
parameters i.e. NSA, FNL. So the difference in the mechanism between
the cervical and trochanteric fractures were not confirmed in our study,

by means of these two parameters alone.

In one of the studies made with 114 post menopausal women, (49
cervical, 25 trochanteric fractures and 40 controls), the combination of
NSA with more geometrical parameters along with BMD improved the
accuracy in assessing the fracture type. Here NSA was found to be
elevated in cervical fractures than in controls, but there was no major
difference in the trochanteric group compared with the controls [48]. As
in our study, there was no significant difference between cervical,

trochanteric fractures by means of FNL measurements.

But this study differ from ours in way it has been carried out by
means of including controls, whereas in our study there are no controls/

only patients have participated in the study and no normal subjects.

In general, age related changes in bone geometry attempt to

preserve the strength of bone as a whole [ 49].

Page | 96



A gender difference was noted in a study by Pulkinnen et al [50],
where intra capsular fractures were significantly higher in women
(74%), than in men (49%), this finding differs from our study as there
are more male patients in both the groups, than the females. Yet their
study was experimental, comprised of 140 cadavers whose femorae
were radiographed. They concluded from their study that NSA as the
best predictor of the type of hip fracture. In that same study, FNL

importance could not be established.

There exists very limited evidence, that there exists a relationship

between age and various hip geometry parameters [51].

The ability of a bone to resist a fracture depends on the amount
of bone, spatial distribution of bone mass (micro architecture anatomy)
and the intrinsic properties of materials forming the bone [52]. In our
study, there exists no correlation between the age and NSA/FNL in
fractured hips regardless of the type of fracture. Thus the age related
changes typically occurs mostly in the internal structure of bone and not

in the gross anatomy of proximal femur.

There is an another study by Sievannen [53] et al, who suggested
that , there have been remarkable alterations in the proximal femur

macro anatomy within past 1000 years. In their study, they compared
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the medieval hip anatomy with contemporary hip anatomy and thy
suggested that femoral neck axis has become larger and its cross section
has become proportionately smaller and oval shaped. All these changes
remarkably increases the risk of hip fractures especially when

0Steoporosis co exists.

Although FNL is a component of HAL, its role in prediction of
risks of hip fractures is not clear/inconclusive. HAL measurements
increases on adduction of hip because of inner shape of pelvis [42],
which should be avoided by means of standardization of the position of

patient on subjecting to X ray.
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CONCLUSION

Thus in our study, the HAL is significantly different between
the intra capsular and extra capsular fractures especially more in
individuals of 51-60 years. But in our study, we didn’t found any
significant differences in the Femoral Neck length and the Neck Shaft

Angle of these fractures.

Advantages of the study:

1. It s based on our population.

2. Considerable size of the material.

Limitations of study:

1. Though the measurements were made from advanced computer
software yet Xrays are just two dimensional and much more
accurate correlation between these fractures can be found by CT
scans which are 3 dimensional and much higher accuracy in

calibration will be possible.

2. Addition of Bone Mineral Density(BMD), will provide more

limelight in predicting the risk and thereby difference in these two

types.
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3. Consideration of more parameters like Femoral neck Width
(FNW), ratio of Femoral Neck Length to Femoral Neck Width,
Femoral Head Width, Cortices thickness of the shaft at the level

of trochanters will be much more productive.

4. Measurement of height, weight will give more accuracy.

5. Magnification error — but it loosed much of its effect in the study
as we just compare the differences between the two types of
fractures. But the magnitude of errors is probably of equal size in

both the groups.

Thus | conclude from our Study that, the Hip Axis Length
(HAL), is an independent predictor of the risk of hip fractures. It can
be used as a screening tool in the patients to predict and there by
forewarn about their susceptibility to hip fractures and educating

about the ways to avoid the risk factors predisposing the hip fractures.
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CASE PROFORMA

Name :

Age

Sex

IP/OP No

Radiological I.D.

Address

Occupation

Final Diagnosis

D.O.A

D.O.S

D.0.D

MODE OF INJURY

1. Domestic accidents

2. Road Traffic Accidents

Case No.:
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3. Fall from height

4. Miscellaneous

MECHANISM OF TRAUMA

Direct injury

Indirect injury

HISTORY

1. History of present injury

2. Duration

3. History of previous injury if any :

4. Family history

GENERAL EXAMINATION :

Pulse

BP
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SYSTEMIC EXAMINATION::

1. CVS

2. RS

3. PA

4. CNS

5. Spine

6. Pelvis

LOCAL EXAMINATION :

1. Site of injury

2. Deformity

3. Wound if any

4. Type of injury

5.neurological complication

6.vascular complication
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INVESTIGATIONS

Blood

Hb%

Total Count

Differential Count:

ESR

Serum Calcium

X — Ray

Pelvis with both hips — traction and internal rotation view.

MEASUREMENT DATA:

after equilibrating,

1. Hip axis length = mm
2. Femoral neck length = mm
3. adjusted Hip axis length = mm
4. adjusted Femoral neck length= mm
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INFORMATION SHEET FOR THOSE WHO PLAN TO

PARTICIPATE IN THIS PROJECT

NAME OF THE RESEARCH PROJECT: A prospective
radiological study of proximal Femoral geometry and its relationshio in

Hip fractures in South Indian population.

We welcome you and thank you for having accepted our request
to consider whether you can participate in our study. This sheet contains
the details of the study; the possible risks, discomfort and benefits for
the participants are also given.

You can read and understand by yourself; if you wish, we are
ready to read and explain the same to you.

If you do not understand anything or if you want any more details
we are ready to provide the details.

Information to the participants:
What is the purpose of the study?

To know the differences in hip fractures by certain radiological
measurements.

Who / where this study is being conducted?

This study is being conducted by

Dr.M.Ashokkumar a Post Graduate medical

student belonging to Orthopaedics

department under the guidance of Dr. R. Selvaraj.

Page | 114



Should I definitely have to take part in this study?

No. If you do not wish to participate you will not be included in
this study. Also you will continue to get the medical treatment without
any prejudice.

If I am participating in this study, what are my responsibilities?
You may have to follow some simple rules.

These are: co — operartion for taking aXray in particular position.

Are there any benefits for me / public?

Yes. by better understanding between these two fracture
pathologies in future people can forewarned about the risk of sustaining
hip fractures.

Will there be any discomfort/ risks to me?

No risks. But some discomforts may be there like giving few mls
of blood for investigation, undergoing some medical examinations.

Will I be paid for the study?

No. you will not be paid.

Will my participating in this study, my personal details will be kept
confidentially?

Yes, confidentiality will be maintained.
Will I be informed of this study’s results and findings?
Yes, if you want you can get the details from us.

Can | withdraw from this study at any time during the study
period?

Yes. You can withdraw at any time during the study period.
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LM ulesr G

A

A prospective radiological study of proximal Femoral geometry and

its relationship in hip fractures in south Indian Population.

QhG HIMUEFH N LHMUI(PESSA IS &&H6e160&606T GG k& 6\ M6ewsT (),
@6 LURGHNS 2 MmGeT FDLGSHHS Ogfals@orm BMMssT l(HSS
BeauatsT(NGHMemeT  61MHMIGHOIGNEITL_6DIDG G HeoTM.@QHS WIMLFS FDDHSLOMEsT
FHHEUNGHET,  @F  LmIEG UM ESTTH 2 MIGEHSEG — 6IMHLL &Halq
OFeTHMIWKISGET, LTHLULSET DOHMID HETEODSHET NETSHSHID @G 1SS 6V
QBM(H&SILIL g (HSHTMET. @6end HLRSGMTEGa LigS5G 0S5Mhgl G&T6TaTeuMD
DIVVG| BHIGET i (HULILILIL LT, HIMISGET @Q60d 2 BiGEHHGHLIGSHIHHTL Lg
gl Qsmeveugmh@ SWMing  @(HSHACDHMD. 2 BISEHSHE 6CSHeIb
Hilwelevensy 616D IVevG Fa(hSHey FHeUGeT 61CFeId  GFeveu
6T6TTMMTEYILD HITRIGET 2_BISEHHE 2 HeU SWMNMS @N(HHAGMLD.

SLTMEF AU eoLIGIG LM (HLDLLIGUTS(ETH SEIT6UT S 856160:
1. @b5 WIMUFAUI6T CRISHSLID 616607

To know the differences in hip fractures by certain radiological
measurements.

2. @hg HYIMUEFH 6TRIGWMTTL CIFIWILILIHEMS)?
Stanley(hg&leUDenssTiie,

Orthopaedics LO(H S G615 SH|DMUT 6V (.
Guhuig g &@&b _Dr.M.Ashok Kumar
6T6aTLIGUIT 6T6sTAM (HGGleu GLoevd) Srilul 6ot

SesTSessiiLILIe @hg TS enwl CIFLIA M.
3. @hs YrmiFAuleound oLMQISHE 6l6Temen CHIKLOIGHES HHIGET
el (HLILLILI(NeUS6ST ST 68T OILD63T 6T ?

@Qnhgs  YrmiFduleounid CUneISHE  CHmauUTeaT  METSE)
SHHAHHEBD 2 MIGEHSHSHHSHMG!. ST @dlev LBIGOID 2 HiG6T
all(pLLSmS C&HL_SHGMmD.
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10.

11.

QhG HITMUEFAUTN6 BT6TT SL_LMULD LIk 6lLm Geuesst(hiom?

Qevemen, @G 2 mGET al(HUUSmS WL (HGL CUTMISSHH. BHEGET
el (puel svensublssie, 2_MBIG 606 (ALY S TMLEH Ul 6v
(LIS SLOML_L_TS6TT. 15 515617 QLG SQTMLFSA UT VLIRS
QuUDTaIL_L_MeYID, 2 MIGERHSHE HeoL &8 Calestliquin(hHgHel 2 gal, 61hd
LIMTUL_&(PDE6V60MDEY GIGML_MTh&| &) 6OL_&@HLD.

Qhg rmusduier mBresT LRIGCHNS CeusssT(hbmestney, BIe 61(HSHI%
Q& memeT GeuessTiqul GILITMLIL|S6IT 6T65T60T?
dlev e1erfll QUTMIIL&HEDET 61(NS SIS \GMaTaT GalessTiaull(hHdGLD;

Qhg PIMUFAUIOLBIG LM 6T 6TeTHBSHT, F(PSHTUSHHEST
67CSHEVID HEITEOLOGHEIT 2_GTuTL_IT"?

2_e81(h.

JONLY:S S TMLEFSAulleoLiris, UM |aug) 6uTITEV 6T6TT & (&) 6163 eI
o\FeT&MILmISET, LTSILILS6T eXMHLI(hiom?

UTEULSET 6JHID 67HUL QUMILILI606060. 60760, &6v B 6IF6TSHIM WIMkIS 6T
67U UMY (HHAMG).

Qhsg S TMLEFA Ul eoLIbIE) QUMIISHSHTE 6T6TT &) 61GHen)|ID
F6UTLOMETTLDULPMBISLILI(HILDOT ?

©)6VED6V, F6UTIDNEUTLD 6JGHID ULPMBIGLILIL DAL MG).

Qhg PIMUFAUI BT LB OLMQImSUD, 61656068  (HMS5S
elamisaeTud Geum WM(HH@GHW CIGMMD6 @IS WIDTS 6neUGSLILI(HIOT?

D, QTSHAWIDTE 6DEUSSHLILI(HLD.

Qg HITTUEFAUIET (Lplg61|S6T 616518 GIGMalsaLLI(hiom?

B IGETal (HDLI6uTT6, 6TRIGEMLD GLIMHMIS CISTETETEVITLD.

Qg  UITTUFAUIN(BHG, 61601 al(BHULSSHDHEHNL  6THEHI(PWD  HI6oT
elevd & GIsmeTeT (Lplg.ujom?

Pd. 2 HmSEHSHE — elpUUbSenebissiisy eTHGBI(PD el
QI&TGITETEVMLD.
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FORM FOR GETTING INFORMED CONSENT FOR
THOSE PARTICIPATING IN THE RESEARCH
PROJECT

Name of the Research Project : A prospective radiological
study of proximal Femoral geometry and its relationship in hip fractures
in south Indian Population.

I have been informed about the
details of the study in own language.

| have understood the details about the study.

| know the possible risks and benefits for me, by taking part in the
study.

| understand that | can withdraw from the study at any point of
time and even then, | will continue to get the medical treatment as usual.

| understand that | will not get any payment for taking part in this
study.

| will not object if the results of this study is getting published in
any medical journals, provided my personal identity is not reviewed.

| know what | am suppose to do by taking part in this study and |
assure that | will give my full co-operation for this study.

Signature/Thumb impression of the participant
(Name/Address)

Signature/Thumb impression of the witness (Name/Address)

Name & Signature of the investigator
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SLTMUFAUNOLIBIGOILIMN 2LIL|SH60 2 MGl jeflsGLbLig aib
pnmisAulesr Qwi _ A Prospective radiological study of proximal

Femoral Geometry and its relationship in hip fractures in south Indian

Population.

61601 616076 QbS WIMUSFS eows LM

(PPl eurmBIsEHLD 6T65T SMUGIDTHUIEL SIUILIL L 63T,
QhG HIMUEFSH oUW LIHM (LpLRenWNS 1S he 6l&messTGL_6tT.

©)F60 BIT6IT LIkIG OILIMIEIS6TTTEV 616818 JMNLL_S&nlqll H6\FETSIITWnISeNT

HMID HETEN&ETUNMIWLD 1S KhG Gl&MessTGL_6T.

Qhg YIMuEFAUIN(BHhG 6T6sT Sl al(BULLLIG, 6ThG GHI(LL alevdld
Q& meTem(Lplg ujb 6T60TMLD, 9| H6TMT6V QDL (H S &|GULDEMETTLI 60 6T6TT (&)
&l 60L& 5 Cal6ssTiq WID(HS GleU 2 FHalHeT JeDetTSHSID 6THG LIMTLIL F(LPD G6V6VITLDEY

QGNL_Mh G HEOL_H@ID 6TeTMID 6IGMhG| GClGHMeTsTGL 65T

@FH6 LRGN 616376 61hHSaNS F6TDMEIT(LD SILILIL DML L TS| 6T65TM)]
L b &1 018 essT GL_63T.

Qg YITMUEFAUINETT (Lplg 6|56, eT6TeneTUNMIW Sl L. $&H6U60 61GID

SNV @(HHSM6V, W(HSFIEUD FMbS LISHAMGHenaseaMer LITaIwmeusmn@ eTani]
QM ail&awm _GL_sr.

@hg JPrmissuiler LRGN K6 666 GlFW GeluessT(hd  6T65T M)
Q5MBg C\&TETGL_61T. HGHETTLIG. (LP(LD 2S5GHIMPLIL| CI&T(N&E SWIMTNS 2_6TEaT6T.

LIrGI(&) GlLIM)LISUM 63T 60&UUMLILILD €2=%:3
(p&eur :

FM_dlwimernm 63T 6n&SEWMTLILID €233
(p&eur :

QL TMUEFSWITeT 63T 60&EUUITLILID €293
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INTRA CAPSULAR/NECK OF FEMUR FRACTURES

S.No. Name Sex | I.P. No. | age (yr) | FNL(cms) | HAL(cms) | NSA(deg)
1 |Arokiasamy M 15483 68 2.25 11.16 129.85
2 |Govindhasamy M 15485 78 2.52 11.88 129.79
3 [Kalaiselvi M 15842 48 2.16 11.52 119.85
4 |Valliammal M 15477 75 2 11.34 125.86
5 |Kuppammal F 23345 62 2.52 11.52 133.73
6 |Rajammal F 19490 70 2.88 10.53 128.87
7 |Kondammal F 2262 65 2.61 11.16 117.96
8 [|Valliyammal F 19492 70 2.52 9.54 119.04
9 [Padma F 19059 65 2.43 9.81 121.65
10 |Arumugam M 19798 65 3.087 12.051 123.95
11 |Ravi M 19800 34 2.548 12.61 136.78
12 |Dennis M 19799 32 2.448 11.42 125.36
13 [|Valliyammal F 19809 70 1.54 9.52 117.6
14 |Hemachandran M 20299 68 2.94 11.46 122.29
15 |Yuvafenvick M 20300 75 3.78 10.43 130.88
16 |Florence F 18700 62 2 10.34 121.44
17 |Jayanathan M 20302 65 2.34 11.6 124.52
18 |Radhakrishnan M 14008 58 2.025 115 122.43
19 |Rajagopal M 10159 58 2.86 11.69 124.52
20 |Mani M 22097 55 2.92 11.08 126.73
21 |Maniyammal F 18249 80 2979 10.42 120.08
22 |Noor Begam F 23417 65 2.043 9.765 117.2
23 |Krishnaveni F 25774 67 2.07 9.9 133.61
24 |Karpagam F 22449 70 213 10.98 132.5
25 |Ravi M 2823 51 2.94 13.03 122.7
26 |Sadaiyan M 2824 65 3.31 13.04 118.9
27 |Kannan M 24416 63 24 11.31 124.82
28 |Govindhan M 25414 65 24 11.31 124 .82
29 |Mariyammal F 26418 83 2.85 12.41 126.32
30 |Krishnan M 26514 72 2.34 9.67 123.54
31 |Mathannamal F 27614 80 1.8 9 120.18
32 [Shanthi F 26493 69 2.25 9.18 124 .14
33 |Padmavathi F 28763 68 2.43 9.45 122.14
34 |Srinivasan M 29419 45 1.89 10 121.82
35 |Munusamy M 30546 75 1.89 9.72 125.45




36 |Salima F 30943 55 2.54 12.34 124.49
37 |Sundari F 31941 50 2.81 12.81 127.17
38 |Thulasi F 32946 70 2.42 12.6 125.89
39 |Krishnasamy M 32336 68 2.34 11.84 127.42
40 |Bakthvachalam M 34578 60 2.89 12.65 124.98
41 [Malliga F 34719 60 3.01 12.82 126.14
42 |Vasanthakumari F 36414 65 2.64 11.98 128.42
43 |Vasavi F 37818 62 2.98 12.78 125.42
44 |Mannan M 36519 38 3.13 13.5 132.14
45 [Munnah M 38917 58 2.54 121 124.82
46 |lsakki M 39416 65 2.83 11.89 124.52
47 |Vasanthi F 39517 63 2.54 11.56 127.3
48 |Marappan M 40243 65 2.34 11.42 126.42
49 |Velu M 41241 75 2.91 12.41 125.49
50 |Vinayagam M 42443 60 2.34 11.62 124.31
51 |Elumalai M 42549 73 2.8 12.2 126.32
52 |Anbazhagan M 43641 67 2.2 11.2 121.42
53 |Muthayammal F 45643 62 2.89 12.85 127.31
54 |Panchavarnam F 45949 63 2.54 11.98 124.81
55 |Deivanayagi F 44783 72 2.85 12.41 119.94
56 |Uma Rani F 43240 56 24 9.52 127.53
57 |Appukutty M 44946 72 2.81 12.11 124.14
58 |Shantha F 45411 80 2.81 12.11 119.94




EXTRA CAPSULAR/INTER TROCHANTERIC FRACTURES

S.No. Name Sex | I.P. No. | age (yr) [ FNL(cms) | HAL(cms) | NSA(deg)
1 kishore kumar M 15478 45 24 12.6 120.56
2 sangan M 15485 65 2.52 11.88 124.77
3 Muniyan M 19485 45 2.7 12.7 125.78
4 Ravi M 19487 37 2.8 12.6 129.26
5 Munirathnam M 19488 45 2 11 124.72
6 Abraham M 19048 75 1.8 10.8 124.72
7 Vasantha F 19062 45 2.25 8.55 120.15
8 parvathi F 19060 62 2.79 11.16 122.21
9 Rajeshwari F 19061 65 3.87 10.53 122.05
10 |Ponnusamy M 19811 55 3.04 11.61 126.87
11 Halasingh M 19812 78 3.53 12.71 120.44
12 [Saraswathy F 19808 50 2.31 10.65 119.66
13 [Muniyammal F 11540 83 2.01 9.675 120.58
14  |Rajalakshmi F 11554 45 273 9.504 125.56
15 |Rani F 12050 70 29 12.09 127.36
16 |Mannan M 23698 62 2.84 10.98 128.1
17  |Kailash M 24691 45 2.88 11.6 124.41
18 |Sundharam M 24694 54 2.826 11.25 127.32
19 |Ravindran M 24741 54 2.79 11.34 124.32
20 |Prema F 24786 56 2.61 10.08 129.32
21 |leela F 24821 50 26 10.2 126.31
22 |Suresh M 24946 46 3 11.61 126.43
23 |Asirvatham M 25041 56 3.2 11.52 126.44
24 |Perumal M 25114 55 2.79 11.52 126.5
25 |Purushothaman M 25241 52 2.88 11.34 124.32
26 |Krishnasamy M 25349 58 2.79 11.34 125.43
27 |Madhivannan M 25461 45 2.88 11.52 127.31
28 |Shanmugam M 25561 33 2.7 11.34 124.31
29 |kuppan M 25641 65 2.88 11.52 126.34
30 |Krishnan M 25621 75 2.52 10.88 127.41
31 Murugesh M 25671 42 2.52 10.44 126.15
32 |Vairam M 28611 67 2.07 11.61 123.42
33 |Perumalsamy M 28741 56 2.16 11.52 125.61
34 |Thameem M 36781 45 279 11.7 128.42
35 |Purushothaman M 36882 65 2.52 11.61 124.53




36 |Prathap M 37816 54 2.88 11.79 126.61
37 [Mohammad M 38918 58 2.34 11.52 123.45
38 |Kumar M 39414 63 1.89 10.44 120.19
39 [Kumudha F 40141 69 1.8 9.54 121.59
40 [Annamalai M 42342 59 2.07 10.71 122.34
41 |Hussaain M 43411 63 2.52 11.52 124.39
42  |[Mannikkam M 45461 56 2.07 10.62 126.31
43 |Sardar M 46414 45 1.98 10.44 120.41
44  |Gandhiammal F 48914 58 1.89 10.62 121.81
45 |Suresh M 47416 48 2.34 11.34 123.49
46 |Punitha F 48491 56 1.89 10.08 122.43
47  |Pitchai M 47512 63 2.34 11.52 124.32
48 |Vijayan M 49541 59 2.07 11.25 124.38
49  |Pushparaj M 49946 56 2.07 11.34 123.74
50 |Shenbagam F 50411 58 1.8 9.99 121.43
51 |Saibudeen M 51416 63 2.52 11.61 123.64
52  |Dhandapani M 52421 50 2.07 10.62 122.88
53 |Kannan M 53411 63 247 12.42 127.43
54 |Kandhasamy M 54614 58 2.52 11.52 126.39
55 [Pachaippan M 55611 60 2.61 9.54 121.38
56 |Alagappan M 57414 68 2.79 12.15 123.68
57 |Pandiyan M 58914 57 2.98 12.58 122.21
58 [Dhannamal F 58916 70 2.86 11.27 126.78
59 [Babu M 59194 62 3.01 12.71 126.19
60 [Kasthuri F 60411 65 3.06 12.53 131.73
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