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ABSTRACT

BACKGROUD & OBJECTIVES:

The cartilaginous primary physis, or growth plaseai critical component of the
immature skeleton and is present at the end of lmymges in children allowing for
longitudinal bone growth. Sandwiched between theapte/sis and the epiphysis,
these areas are susceptible to a variety of inthdiscan lead to growth disturbances.
The most often-described growth disturbance is ptare physeal closure with bone
bridge formation. Physeal fractures accounts fot?220% of all long bone fractures
while the isolated Physeal fractures or fractuhesugh the growth plate is commonly
graded as grade | fracture according to the SHlégris classification accounts for
6.0%—-8.5% of all growth plate fractures. Plain oaglaphy is currently the standard
imaging choice for fractures in children but isethtphyseal fractures are easily
missed on radiographs making Ultrasound a potemtiadiality in detecting such
fractures. However, there are no established sapbgr criteria for normative,
baseline measurements for pediatric physeal pladéhsy making identification and
diagnosis of SH-I fractures challenging and subject

This study mainly focuses on to determine the ablaltrasound in the assessment of
normal physeal plate while determining the basefimmasurements in physeal plate
width in pediatric population and assessing vaain the measured widths among

contralateral sides, age group, and sex in theapradlpopulation.
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MATERIALS AND METHODS:

This is a hospital based observational study, cotedufrom 1st January 2021 to 31st
December 2021 for a period of 1 year in childretwieen 5 to 12 years referred for
ultrasound imaging to the department of Radagdosis, KLE'S Dr Prabhakar
Kore Hospital.

A total of 96 patients were included in this studyter obtaining informed verbal
assent from children aged 7-12 years and writtamseat from the parents of all
subject, they were subjected to B-Mode ultrasoapigy of distal end of long bones-
radius, ulna, tibia and fibula using a 7.5-12 MHigh frequency linear array
transducer on GE VOLUSON machine (GE HealthcareA}hd Philips HD-11Xe
machine. The findings of ultrasonography were assksind analyzed. Descriptive

analysis was carried out for all the quantitatiaéad

RESULTS:

Out of the total 96 children all between 5 to 12Znge 54 (56.25%) were males
outnumbering the number of females enrolled instiney who were 42 (43.75%).
The mean age of the enrolled children was 8.28.F gears.

No significant statistical difference could be géted in physeal plate width
measurement in children of different gender andlaimage group.

The average physeal plate width found in distal @nfibula is 3.0 + 0.22 mm with a
mean difference of 0.11 + 0.3 mm between contredhsides

The average physeal plate width found in distal eintibia is 3.5 + 0.28 mm with a
mean difference of 0.1 + 0.31mm between contradatedes

The average physeal plate width found in distal @ncdius is 2.88 + 0.25 mm with

a mean difference of 0.08 + 0.31mm between coré@hsides
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The average physeal plate width found in distal @hdlna is 2.74 + 0.24 mm with a
mean difference of 0.1 + 0.32 mm between contredhtedes

No statistical difference was found in the physgdhte width between the

contralateral sides for the long bones which waraged in the study - radius, ulna,

fibula or tibia.

CONCLUSION:

This study is first of its kind in India tassess the normal physeal plate and
determine sonographic baseline measurements ofephydate widths This study
demonstrates that there is no statistically sigaift difference in physeal plate widths
between contralateral extremities and between W denders. Also children of

similar age group has no significant disparity inygeal plate width measurement.

The sonographic detection of significant dispasiiie physeal plate widths of injured
children may have the potential for earlier detactof SH injuries with subsequent

appropriate management.

Keywords : Ultrasonography of physeal plate, physeal plate witi, radius, ulna,

tibia, fibula
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INTRODUCTION

Skeletal fractures exhibit unique patterns in tledigtric population because
of the properties of growing bok® , including longitudinal and radial growth of the
bone, which occurs during childhood and adolesc&hce

Present at the end of long bones between the metiapand epiphysis, the
cartilaginous primary physis or growth plate is thest critical component of the
immature skeleton. It allows for longitudinal bogewth ® but is also the weakest
skeletal structure in childréh Injury to either the growth plate (direct injYirgr the
adjacent epiphysis and metaphysis (indirect injupgn cause growth plate
dysfunction, ultimately leading to growth disturibas. The most common insult
mechanism is trauma, which can directly or indisedbjure the growth platé)
Approximately eighteen percent of all fractureschildren involve the growth plate
and 5% to 10% of physeal fractures lead to grovgtuthance$.

Less common mechanisms of indirect causes of injaglude vascular
compromise, infection, inflammation, radiation anchour. The most often-described
growth disturbance is premature physeal closurén Wwibne bridge formatiof®.
Chronic repetitive physeal injuries can also capbgseal widening or physeal
bridges®-

The Salter-Harris classification system is cursened to grade the fractures
involving the growth plate in childref®. The physeal fractures are subdivided into
five classes based on their radiographic appearmmteausal mechanisth
Type | Salter-Harris fractures, accounting for 6-@6% of growth plate fractures,
are transverse cleavages through the growth ffat€he physeal fractures account

for 21 % to 30% of all long bone injuri€s Also, there is a greater propensity for
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growth disturbance when injuries occur at the tlistals compared to the proximal
ends of the long boné8.

Plain radiography is currently the standard imaguhgice for fractures in
children, but isolated physeal fractures, i.e. Satarris type | fracture are easily
missed on radiographs. Due to the lack of any pmenti radiographic signs on initial
presentation, the diagnosis of an undisplaced iISidkeris type | injury becomes more
of a clinical diagnosis based on swelling and temeles directly over the affected
physis of long bone®

Ultrasound thereby has a potential role in detgctinch fractures and in the
prevention of future growth disturbances. It ha® thdvantage of real-time
assessment, ease of access, and cost-effectiveithsso radiation exposure at all,
making it a superior and more convenient modabtyise in paediatric emergencies
and in follow-up cases where the use of radiogralgags to repeated radiation
exposure.

However, there are no established sonographicrieriter normative baseline
measurements for pediatric physeal plate widthkimgaidentification and diagnosis

of SH-I fractures challenging and subjective.
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Objective

OBJECTIVES

With the help of ultrasonography, we aim to diagnose radiographically silent

fractures involving the paediatric physeal plate

OBJECTIVE OF THE STUDY:

1. To determine baseline measurements of physeal plate width and to assess
variation in the measured widths among contralateral sides, age group, and sex in
the pediatric popul ation.

2. Ultrasound assessment of physeal plate in normal uninjured children in order to
detect any variations from the normal anatomy if present including physea plate

fracture, bridge and premature closure of the physis

Page 3



Review Of Literature

REVIEW OF LITERATURE

ANATOMY:

The human skeleton is divided into two major groufige appendicular group
comprising the long bones of the upper and lowéreeaxties, including the shoulder
girdle & pelvis and the axial grou’

Anatomically, the long bones of the body are didideto three parts - hollow
shaft or diaphysis which is primarily composed efse cortical bone, the metaphysis
below the growth plates and rounded epiphyses abwerowth plates. Both the
metaphysis and epiphysis are composed of trabeméahwork bone surrounded by
a relatively thin shell of dense cortical bdfie

Based on the tissue composition and its contributiogrowth, the developing
ends of long bones can again be divided into thd#ilaginous epiphyseal unit,
osseous metaphysis and fibrous perichondrium. phehgsis and the physis / growth
plate are parts of the epiphyseal (it

Sandwiched between the epiphysis and the metaphysisgrowth plate is
made of a particular type of cartilage, bony armdius components with a unique
metabolism as a result of its uniqgue microcircolati and extracellular
microenvironment!213) The periphery of the physis consists of two eletsiefihe
groove of Ranvier and the perichondrial ring of k@€, which is a dense fibrous
structure that surrounds the groove of Ranvieriarmbntinuous with the periosteum
of the metaphysis providing stability to the growlhate. Being composed of vertical,
horizontal and oblique collagen fibres, it is veegistant to shearing forces, thereby

providing mechanical support to the otherwise wefadndro-osseous junction.
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The perichondrial groove of Ranvier is a wedge-sdafand of osteoblasts,
chondrocytes and fibrous cells at the peripherytltg germinal zone and is
responsible for latitudinal growth of the phy$fs.

The growth plate has two parts - primary discoidwgh plate, which is
responsible for the longitudinal growth of the boamed the secondary spherical
growth plate or acrophysis, which is responsibletiie@ enlargement of the secondary
ossification center (SOC) within the cartilaginasphysis®

The attachment of the growth plate to the metaphysis reduced bone
strength and is thus an important site of injutgrmusculoskeletal trauma. Damage

to the growth plate at this point can disrupt fatgrowth at that sité?.

Spl;ieriool Growth Plate

Fig. 1 Anatomy of epiphysis and the growth plate
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HISTOLOGY:

The growth plate is a highly cellular structuretwibhe chondrocytes maturing
as they move toward the metaphysis from the epgaiysde.
Based on their microscopic cellular morphology &ntttion, there are three distinct
histologic zones of chondrocytes recognised as nreseproliferative, and

hypertrophic zones (including zone of provisioralkification) ®.

Reserve Zone:The region of the physis adjacent to the epiphigithe reserve or

germinal zone containing abundant extracellularrimand disorganised collagen
fibrils with randomly distributed chondrocytes. Bleechondrocytes function as the
stem cells of the physis and are responsible toirgj nutrients (glycogen and lipids),
dividing only sporadically. The oxygen tension listregion is also low compared to

the other region$-13)

Proliferative Zone: Proliferative layer lies just deep to the germifeler, where
collagen fibrils are confined to longitudinal sepiad chondrocytes are organised into
columns. The chondrocytes rapidly divide in thigioa owing to the highest oxygen
content allowing for longitudinal bone growth. $hiigh oxygen supply comes from
branches of the epiphyseal artery coursing withi tascular channels through the
reserve zone to supply the upper proliferative zétence, any insult to this zone will

most likely result in growth disturbanée®.

Hypertrophic zone: Closest to the metaphysis lies the hypertrophierayf the

physis which prepares the matrix for calcificatenmd triggers organised apoptosis of
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chondrocyt®). This zone can be further subdivided into the zooksnaturation,
degeneration, and zone of provisional calcifica@RC) "),

In the metaphyseal side abutting the ZPC lies thagry spongiosa which is a highly
vascularized structure that contains the newly mtmetaphysi®). The metaphyseal
arterial loops are found just short of the ZPCyileg the hypertrophic zone avascular.
The low oxygen tension leads to anaerobic metaiolgth mitochondrial release of
calcium, thereby facilitating matrix calcificatiorRrogressive matrix calcification
hinders the diffusion of nutrients and oxygen, emguapoptosis of the remaining

chondrocyte§* ©

Zone of provision
| caleification

Hypertrophic 2an

Ay

i i A Ly
Srats
wm

e

Teoh

L] =
g’ T g yw d PRy
e ]L_.E-.mm?.lzcn{-

Praliterative zone

\.,___f""x___f'

Fig 2. Histology of growth plate
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VASCULAR SUPPLY:

The unique arrangement of vascularity at the distal of developing bone
allows for a coordinated balance between chondeogyowth & division and
endochondral bone formatié.

Three different vascular systems supply the groplétte and the epiphyseal
region of long bones: the epiphyseal, metaphysedl! @erichondral arterial blood
supply.

The epiphysis and the secondary ossification cemster supplied by
Epiphyseal arteries, which enter the epiphysis fdifferent sides. The branches of
the epiphyseal artery also supply the germinal zzoreea portion of the proliferative
zone® 17,

The epiphyseal vasculature further subdivides a&wotral arterioles coursing
through blind-ended epiphyseal vascular canals evhan epiphyseal vascular
complex is formed. Arterioles within junctional @s branch into penetrating
epiphyseal vessels that descend through the emphphyseal boundary to terminate
as a penetrating vascular plexus supplying thes pdithe growth plat&® 1%

The physis thereby has a dual vascular supply efiyghyseal vessels nurture
the chondrocytes of the physis and the metaphysesdels regulate enchondral
ossification by invading the physis and triggerosil death and bone syntheSis.

Only the hypertrophic zone of the physis remairesaular as the metaphyseal
and nutrient vessels loop back on themselves.

Metaphyseal arteries also supply the peripheral @mral portions of the
metaphysis. These metaphyseal artearesprimarily derived from the nutrient artery,
which further divides in a tree-like fashion inteveral major branches and multiple

smaller arteries and capillaries.
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The perichondral vessels surround the growth pigtea circular vascular

system sending anastomoses to both the metaptayséthe epiphyseal arteriés'”.

Epiphysis e

[ VT p—

Articular Cartilage

re

Unossifed Epiphyseal
Cartilage
,dq

“
2° Ossification Center' \
T A L]

Epiphyseal Artery

[Germinal Zone

’ Groove of Ranvier
Proliferative Zone i

Zone of Provision

Metaphysis

EMBRYOLOGY:
Formation

ossification. In g

Hypertrophic Zone
al Calcification e

o \\Q—Perichondiai Artery

Metaphyseal Artery / Metaphyseal Artery

N

k Nutrient Artery

Fig 3. Vascular supply of growth plate

of bone occurs in two ways - intramembtenand endochondral

eneral, flat bones develop thtougtramembranous ossification,

which takes place mainly in the cranial vault, mldvicle, mandible and maxilla

during the first few months of foetal developmentcurring directly from the

mesenchyme.
The long

overall dominant

column, pelvis, a

framework at the

bones develop by means of endochondrakthrowhich is the
process in the skeleton and ocaurthe skull base, vertebral
nd extremities. This endochondralvth occurs on a cartilaginous

growth platé 19
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The cartilaginous extracellular matrix they constns then invaded by blood
vessels, osteoclasts, bone marrow cells and ostsbthe last of which deposit bone
on remnants of cartilage matrix

During the 6th week of embryonic development, mekgmal cells
differentiate into chondrocytes which are respdesifor the formation of a
cartilaginous model of a future skeleton. As a pafrtendochondral ossification,
chondrocytes proliferate and undergo hypertrophyleathe matrix begins to calcify
in the central portion of this cartilaginous anlage. the future diaphysis. During the
7th week of embryonic development, there is fororatof the periosteal sleeve.
Vascular invasion with mesenchymal cells differatitin into osteoblasts and
osteoclasts occurs by the 8th week.

The primary ossification centre is produced by th&teoblasts, which
manufacture an osteoid matrix on the calcified ma®n the other hand, osteoclasts
are responsible for bone remodelling and meduliamty formation.

As the primary ossification centre grows toward #ras of the bone and
expands bidirectionally, its leading edges becdmeptrimary growth plates.

Growth cartilage is found in two locations at eactd of a developing long
bone: the growth plate and the articular-epiphyggaivth cartilage, which drives
expansion of the primary and secondary centressification 29,

During ossification, the condensation of the pesighof the mesenchymal

model forms the double-layered periosteéih
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(@) (D) (E)

60 Epiphysis “8 ‘
Periosteal
bone collar
-’
-

centre of Secondary
ossification centres of
ossification

\Metaphysis l
blood vessels

resting chondrocytes . marrow

proliferative chondrocytes
prehypertrophic chondrocyte N
® hypertrophic chondrocyte

— bone tissue

Fig 4. Embryology of bone

At birth, the primary growth plates are relativesijmooth and flat assuming a
more undulating configuration during childhood asponse to physiologic dynamic
biomechanical forces. However, the thickness ofdtmvth plate remains relatively
constant because of an intricate balance betweamdebcyte proliferation and death.
Any focal thickening is thereby suggestive of atuisance in endochondral
ossification. Narrowing across the growth platenalg its closure with impending
skeletal maturation. The final conversion of chaugtes into bone leaves behind a
physeal scar representing a residual zone of pomakcalcification (ZPC) that rarely

persists into adulthod@*®).

PHYSEAL INJURY:

Insults to immature skeletons, i.e., with an opemwgh plate may affect the
bone growth resulting in growth arrest, angulaodeities and limb shortenirl@.

The most widely described type of growth disturleare physeal arrest with
bone bridge formation across the physis. Any pHydgafunction without bridge

formation occurs with resultant physeal irreguiadt widening.
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The mechanisms of growth disturbance include dirpbyseal injury,
epiphyseal injury and metaphyseal injd.

Physeal insults and less commonly the epiphysaaltsymay lead to physeal
bridge formation, while the metaphyseal injuriepi¢glly lead to disruption of

apoptosis and endochondral ossification resultingidening of the physié.

Epiphyseal Acute physeal Repetitive physeal Metaphyseal
injury injury injury injury

Physeal Bone Physeal Metaphyseal
disorganization bridge widening cartilage remnants

Fig 5. Types of physeal injury

Direct physeal injury: Direct injuries to the physis can occur from a fuae that
extends across or into the physis (i.e. Salter+sttype fractures) or from chronic
repetitive injuries to the physis. They are the nomsnmon cause of physeal bridges.
When a fracture extends longitudinally across thgsys, it allows for the formation
of transphyseal vascularity with communication gfiphyseal and metaphyseal
arteries. Osteoprogenitor cells can then deposielaong these transphyseal vessels

forming a bridgé®).
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Following a physeal fracture, the risk of growtlstdrbance is dependent on
the severity of the injury, the patient's growtheartial (age and skeletal maturity) and
the anatomic site involved. The fracture patterso gblays a role and has a direct
relation to premature physeal closure and the ehorcangular deformity.

Fractures with significant comminution, displacemeor with loss of a
segment of the germinal or proliferative physegkfa are at greatest risk. Younger
patients have a poorer prognosis because therenie tme for the deformity to
develop. The importance of the anatomic site iateel to the contour and size of the
physis and its rate of growth.

The most common sites of physeal fracture are ttedapges and the distal
radius, but they rarely result in growth arreststfieaumatic physeal bridge formation
is much more common at the distal ends of long &dhan at the proximal ends and

in the lower extremities as compared to the uppeemities.

Most physeal bridges occur in areas of physeal latidn, such as the distal
femoral physis and medial aspect of the distahtiphysis. The distal tibia is by far

the most frequent site of post-traumatic bridgenfation®*16.23.24)

Indirect physeal injury: 1129

Epiphyseal injury: Epiphyseal injury may lead to two types of growtktarbances.
Any compromise of epiphyseal vascularity leadsotmaf ischemia of the germinal and
proliferative zones of the physis resulting in teath of the chondrocyte, which may
lead to bony bridge formation. Alternatively, ifogvth ceases in the ischemic portion
of the physis and continues in the unaffected atbase is a loss of its normal discoid
shape with the area of slowed growth curving towdre metaphysis leading to

angular deformity.
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Metaphyseal injury: Injury to the metaphyseal vascularity has no effeat

chondrogenesis or chondrocyte maturation, but rditoeks enchondral ossification.
Thus disruption of the metaphyseal blood supplgde®a a thickened physis, with an
abundance of hypertrophic chondrocytes that hase tleeir signalling to die and
ability to mineralise. This persistent metaphyseatilage may take the form of a

tongue perpendicular to the physis or a broad leatehding from the physis

SALTER HARRIS CLASSIFICATION:

Robert B. Salter and W. Robert Harris introducedplayseal fracture
classification system in 1963, based on anatoragfire pattern and progno&is 2"

Since Salter-Harris fractures or physeal fractueder to fractures through a
growth plate (physis), they are therefore describedusively in childred’”.

These fractures mainly occur at the ZPC, a tremmsjpoint which is weaker
than the surrounding structures and is thus maregpto trauma.

In general, upper extremity injuries are more comrtiman lower extremity
injuries. Of the five most common Salter-Harriscfrtae types, type Il is the most
common (75%), followed by types Ill (10%), IV (10%Yype | (5%), and lastly, type
V, which is very raré”.

Salter-Harris types | and Il fractures are horiatlgtoriented fractures that
follow the plane of the physis resulting in lessi&doridge formation than the Salter-
Harris types Ill and 1V fractures which are vertigariented fractures traversing the
physis resulting in breach of the reserve and fematiive layers.

Radiographic findings generally include a frank gsl fracture or a physeal

bony bridge?®
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Salter Harris fracture type |: Fracture lines extending through the physis or iwith
the growth plate are deemed as Salter Harris tyfaetiure. In these fractures, there is
absent involvement of both metaphysis and epiplysessification centre,
representing approximately 6.0% to 8.5% of all iigs(” * 29

These fractures are due to the longitudinal shgaaimd avulsion force applied
through the physis resulting in splitting of theipysis from the metaphysis.
However, the displacement of epiphysis is only motaely at the time of injury and
returns to its normal position on removal of theaing and distracting forces. The
periosteal attachments usually remain infet

The most common sites of Salter-Harris type 1 énest were the distal radius
and phalange® During childhood, an undisplaced Salter-Harrishyseal injury is
more likely since tears or ruptures of major ligatseare uncommof®. Thereby,
children with history of trauma and clinical sigos fracture but having a normal

radiograph may be suspected for an undisplacedrSadirris | physeal injury.

Salter Harris fracture type Il : Fracture line involving the physis and further
extending through a margin of the metaphysis isrretl to as Salter-Harris type Il
injury resulting in the separation of a variablyesi triangular metaphyseal fragment
referred to as the corner sign / Thurston- Holllagment?®, These fractures are the
most common type of Salter-Harris fractures andipagvay from the joint space.
During childhood, the periosteum extends alongptti@ary center of ossification till
the level of the physis where it is tightly attagh®lore proximally along a long bone
its attachment to the bony cortex via Sharpey’selis more flimsy and loose. This is

responsible for the production of Salter-Harridrdctures in which a fracture line
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running through the physis that is unable to violdite tight periosteal attachment to

the physis and thereby deviates into the metapk{sis

Salter Harris fracture type Ill : These fractures are intra-articular fractures which
extend from the physis into the epiphysis. If thacfure line extends through the
complete length of the physis, this type of fraetunay form two epiphyseal
segmentsNormally the displacement is minimal, with no asated fracture of the
metaphysi§®).

These fractures may also result in damage to theukar cartilagewith a

predisposition to stunted growth and prematurecasthritis.

Salter Harris fracture type IV: These are vertically oriented intra-articular fraes
with splitting compression force that extends tlglowpiphysis, physis and adjacent
metaphysis resulting in the separation of a portionsisting of both metaphysis and
epiphysis.

Since the epiphysis is involved, like the Salterts$all fracture, the articular
cartilage may be damaged. These fractures thuscaisy a risk for altered joint

mechanics, growth retardation and functional impaint®,

Salter Harris fracture type V :2%: Type V Salter-Harris fractures are rare fractures
occurring due to a compression or crush injuryhef growth plate with no immediate
radiographic findingsThe force is transmitted through the physis andglesis,
potentially disrupting the germinal matrix, the ypophic region and the vascular
supply. Such fractures tend to be seen in cassswdre injury or frostbite, electric

shock and irradiation and typically have a poorgpasis leading to bone growth
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arrest,which is detected only on follow-up examination sdertening of the bone

with angular deformity

Normal Type 2

Type 3 Type 4 Type 5

Fig 6. Salter Harris classification of physeal frature

IMAGING IN PHYSEAL INJURIES:

For the evaluation of skeletal injuries, Plain ocapaphy still remains the
primary modality. Features indicative of physealiies are haziness or obliteration
of normal sharply defined opposing margins of timpleysis and metaphysis,
epiphyseal displacement and widening / narrowinthefphysis®®

Bone bridge formation can be visualised on radiplgsaafter approximately
three months following injuryas foci of osteocondensation in the metaphyseal
interface 1©22, Other indirect findings on plain radiographs ud# angular

deformities and ill-defined physeal in&8.
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Fig 7. Narrowing of the distal tibial physis in let (image b) as compared to right

(image a)

The use of plain CT is to more fully evaluate ataksify injuries which are
already identified on the plain radiographs andpasicularly useful in Salter-Harris
type 4 fractures to determine the alignment ofatieular surfac&®

It can be used to identify physeal bridges and mdawntify the smaller ones
missed on plain radiograph€T allows evaluation of the interface between the
epiphysis and metaphysis and thus is helpful inldbalisation and dimension of the
bone bridgesSmaller physeal bridges appear as a focal arecarbsis on CT, while
the larger physeal bridges appear as trabeculae leatending across the growth
plate. The Coronal, sagittal and 3D reconstructioreges acquired with CT are also
helpful in preoperative plannir§??

In cases of subtle nondisplaced fractures, botim péadiographs and CT may require
imaging of the contralateral side for comparisod @ientification®®),

However, CT has been mostly replaced by MRI forlatéon of the physeal

bridges because of better visualisation of the palysartilage as well as the lack of
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ionising radiation in MRI.For MR imaging of physeal pathology, coronal T1-
weighted, sagittal fat-suppressed fast spin-ectatopr density and T2-weighted
images are acquired. T2- weighted images are wsddferentiate physeal cartilage
in young people, which appears bright comparediphgseal cartilage. T2-weighted
images along with Proton density images, are aldpfll for the identification of
associated marrow and soft tissue edema, ligamempueniscal injury, persistent
metaphyseal cartilage and avascular necrosis.

Growth recovery lines (GRL), also called Parks aarri$¢ lines, can be
visualised on radiographs and MR imaging and remtssdisks of transversely
oriented bony trabecula. They are formed at thesighguring slowed growth in view
of injury or immobilisation. A GRL which appearsgied or obliquely oriented when
compared to the physis is indicative of growth ¢e¢dl by a bone bridge and is

typically best visualised on T1-weighted MR ima§e$.

Fig 8. Sagittal MRI image of ankle showing the phyis abutting the growth

recovery line (arrows)
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The signal intensity of physeal bridges on MRI defseupon the size of the
bridge, sequence used as well as the presencesen@dof bone marrow oedema.
Chronic and larger bridges typically follow the lomarrow signal intensity on all
sequences having increased signal intensity on dighded MR images without fat
saturation, and low signal intensity on T2-weightsdsaturated or short tau inversion
recovery (STIR) sequences On the other hand, sniailgges may show low signal
intensity on T1l-weighted images due to either sslsr or bone marrow oedema

within and adjacent to the brid&e

Fig 9. Coronal T1 weighted (d), 3-D gradient gradiet recalled echo (e) and T2

weighted (f) images showing a large central bridge

On MRI, other indicative findings of growth platejury are widening,
irregularity and increased signal of physeal platgacent bony marrow oedema and

hypertrophy, and soft tissue oedeffta
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Ultrasonography provides excellent means to ifemtifracture through the
physeal plate, particularly in the paediatric agewhom the epiphyses are not
ossified. It also allows for real-time imaging andmparison with the unaffected
contralateral side within the same examination.

Evaluation of the unaffected side establishes tivenal width of the growth
plate, which adds certainty to the diagnosis ofpsated physeal separation /
fracturé! 2130
The sonographic appearance of a normal cortexggtoor echogenic linear structure
with hypoechoic shadowing posterior to the bonee &piphyseal cartilage appears as
a homogeneously hypoechoic pattern with scatteyperechoic foci of calcification,
while the ossified epiphyses appear similar to dm@physis and are seen as a
continuous echogenic line.

It is important to visualise the bone from all pbks angles while searching
for a fracture. An avulsion or metaphyseal fractca@ be identified on sonography
which is not seen on radiograghs

According to Davidson et al. and Markowitz et altrasound could be very
useful in the diagnosis of unossified medial epityde avulsion in young children
presenting with elbow trauma. In young childrerg thjured unossified epiphysis can
be easily missed on plain radiographs but can $ealised on sonograpkly>2

In a study done by M Burnier et al. and Simanovdky Hiller et al.
ultrasonography was established as a sensitiveimpagol for the diagnosis of occult
elbow and ankle fractures in children respectivilggative ultrasound had negative
radiograph establishing when both radiography dtrdaonography are normal, the
possibility of fracture could be ruled out defiaély, thereby reducing the need for

unnecessary prolonged immobilisatidh 34
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The ultrasonographic appearance of the fracturetuded subperiosteal
haematoma, joint effusiondiscontinuity of the echogenic cortical line, coali
depression, metaphyseal irregularity, a small eehmgfragment adjacent to the
cortex, soft tissue swelling, periosteal elevaftfér#®)

Frances A. Farley et al. |, in their study, stateat extra-periosteal haemorrhage seen
on sonography is more indicative of ligament irgsrin contrast to physeal fractures

which result in subperiosteal haemorrh&ge

Fig 10 : Normal appearance of physis on USG
Fig 11 : Hypoechoic area along the bony cortex on 6 — subperiosteal fluid

consistent with Salter Harris type 1

The advantage of sonography is that it often presithe same information as
radiography with no radiation to the patient. Alsousculoskeletal ultrasound is
superior to radiography in identifying physeal gegian, sub-periosteal hematomas,
intra-articular bodies and ligamentous injuriés.

Compared to MRI imaging, ultrasound is less timastoning, less expensive and
gives the advantage of real-time imaging. Howethere is a lack of studies directly

comparing ultrasound to the gold standard MRI, déimgs there is no evidence
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establishing the specificity or sensitivity of aldound to diagnose physeal injuries

when compared with MR$®).

REVIEW OF STUDIES:

A recent study conducted by Lorraine N et al. ilnf@stablished baseline
sonographic measurement of physeal plate widthninjured and healthy children
between the age group 0 to 12 years. The study s@alggested that sonographic
detection of significant disparities in the width ghyseal plate of injured children
may help in earlier detection of Salter-Harris mgs, thereby helping inappropriate
referral and managemeft

SangHoo Kim et al®” in their research established a new imaging aisalys
algorithm for automatic detection of the size obwth plate via ultrasound. The
ultrasonic images with measurement of growth piatproximal tibiae, phalanges,
and calcanei of 269 children of age 7 to 16 yeard the X-ray showed high
correlation. The advancements getting introducedulinasound thereby have a
possibility to completely replace the existing X+namethod in order to measure the
growth plate correctly, which can further help imetdetection of growth plate
fractures.

In a study conducted by Farley et3, 2 out of 14 children in USA who had
ankle injuries with negative radiographs were foundhave subperiosteal fluid
adjacent to the distal fibula physis. The findimgsre consistent with Salter-Harris
type | fracture which was confirmed after 2 weekthX-rays.

Another case report by Taggart et8lestablished the role of sonography in

radiographically silent fracture. In a 14- year-dddy with occult ankle injury,
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diagnosis of Salter-Harris type | was made withtiblp of sonography which showed
subperiosteal fluid at the metaphysis and distalléi and widening of the physis as
compared to the uninjured side. The findings werefioned on subsequent X-rays
which revealed a slight widening of the distal faauphysis with adjacent soft tissue
swelling, thus being consistent with the diagna$iSalter-Harris type | fracture.

Naum Simanovsky et &% in their research suggested that with the use of
only radiograph a high number of fractures are ulidgnosed and treated as simple
sprains which further explains why a significanther of children have protracted
pain and suffer from longer recovery period thameds. The study concluded that the
use of high-resolution ultrasonography is sensitimé specific in diagnosing occult
pediatric fractures of ankle and thereby can beé asean adjunctive tool in evaluating

pediatric injuries.
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MATERIALSAND METHODS

Sour ce of data: Children between the age group of 5-12years refdmeUltrasound
imaging to the Department of Radio-Diagnosis at Kh&’'S Dr. Prabhakar Kore

hospital & MRC, Belgaum.

Method of collection of data:
(a) Study design: Hospital based observational study
(b) Sample size: Study comprised of 96 patients.
(c) Sample size formula:
The minimum sample size formula based on prevaleatee
_Z*p(1-p)
n= T
where P is the percentage of prevalence and ceipéeihcentage likely difference in

the prevalence.

Zis linked with z is linked with the level of significance. For 5&vél of

the significance z= 1.96.

With P = 40% and d = 25% of P = 10.0%, the minimgample size is 92.

(d) Study duration: January 2021-December 2021
(e) Sampling method: Random sampling
() Inclusion criteria:
1) Any child between the age group of 5-12 years refeto the Department
of Radio-diagnosis at The KLE'S Dr. Prabhakar Kloospital & MRC for

ultrasound imaging.
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(g) Exclusion criteria:
1) Any child having some known bony deformity.
2) Any child below the age of 12 years presenting \pittmature physeal
closure.

3) Parental refusal of participation.

(h) Methodology:

Data was collected in patients referred for ulttambimaging to the
Department of Radio-Diagnosis at the KLE’s Dr. Pralkar Kore Hospital & MRC,
Belagavi.

An informed verbal assent from children aged 7-&arg and written consent
from the parents of all the subjects was obtained.

A pre-structured proforma was used for the coltecbf clinical data.

The above mentioned study population wied the inclusion criteria and did
not get excluded were subjected to ultrasound stiatiend of long bones on both
sides mainly— radius, ulna, tibia and fibula. ltotal of 96 children, the assessment of
growth plate physeal width measurement was donbabin sides using linear array
transducer of 7.5-12 MHz on GE VOLUSON machine (B&althcare, USA) and
Philips HD-11Xe. The transducer was placed alomgltimg axis of ankle and wrist.
After visualizing the metaphysis, the transduces father slid distally to visualize
the physeal plate which was seen as a smooth dpsteesen the epiphysis and
metaphysis. To assess the physeal plate widthinresurement were taken on the
dorsal surface of wrists, medial surface of tibmal dateral surface of fibula on both
sides. All the children were examined on real-tisve-dimensional greyscale and the

images were stored securely.
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Assessment of normal physeal plate with baselinasomements of physeal
plate width along with assessment of variation le tmeasured widths among

contralateral sides, age group, and sex in theystubjects were done.

Follow up: No

Ethical considerations: This research was accepted by an institutional muethics
committee. All research participants received infed written consent and only those
participants willing to sign the informed consergre included in the research. The

confidentiality of the participants in this resdamas preserved.

The data gathered was analyzed and presented whsséle in the form of

tables, graphs, figures, and diagrams.
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STATISTICAL METHODS:

Descriptive analysis was carried out by mean amehdstrd deviation for
guantitative variables, frequency, and proportiam €tategorical variables. Non
normally distributed quantitative variables weremsoarized by median and
interquartile range (IQR). Data was also represkenteng appropriate diagrams like

bar diagram, pie diagram and box plots.

All Quantitative variables were checked for norrda@tribution within each
category of explanatory variable by using visuaspection of histograms and
normality Q-Q plots. Shapiro- wilk test was alsondocted to assess normal

distribution. Shapiro wilk test p value of >0.0aswonsidered as normal distribution.

For normally distributed Quantitative parameterg timean values were

compared between study groups using independemqisastest (2 groups)

P value < 0.05 was considered statistically sigaiit. IBM SPSS version 22

was used for statistical analysis.

IBM Corp. Released 2013. IBM SPSS Statistics fondgiws, Version 22.0.

Armonk, NY: IBM Corp
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RESULTS

Table 1: Descriptive analysis of age in study popation (N=96)

Maxi 95% C.I
Parameter | Mean = SD | Median | Minimum ammu
Lower | Upper
Age 8.25+2.17| 8.00 5.00 12.00 7.81 | 8.69

The study had subjects between the age group 3 y@®drs. The average age

of the population was 8.25 years in this study

Table 2: Descriptive analysis of age group in thewwdy population (N=96)

Age Group Frequency Percentages
5-8 56 58.33%
9-12 40 41.67%

The enrolled subjects were further grouped into sge groups and it was
noticed that 58% of the study population were betwéhe age of 5-8 years and

almost 42% were between 9-12 years old.

Figure 1: Bar chart of age group in the study popudtion (N=96)

AGE GROUP

m5-8 Yearsm 9-12 Years
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Table 3: Descriptive analysis of gender in the stydpopulation (N=96)

Gender Frequency Percentages
Male 54 56.25%
Female 42 43.75%

Out of the 96 study subjects enrolled in the st&adywere male and 42 were females.

Figure 2: Bar chart of gender in the study populaton (N=96)

Gender

EMale m®mFemale
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Table 4: Descriptive analysis of physeal plate wititin study population Total

(N=96)
95% C.|
Parameter | Mean %= SD | Median | Minimum | Maximum
Lower | Upper
Physeal Plate Widths (mm
Right Radius | 2.88 +0.25| 2.9 2.3 35 2.8 2.9
Left Radius | 2.96 +0.27| 2.9 2.4 35 2.9 3.0
RightUna | 2.74+0.24| 2.8 2.2 3.4 2.7 2.8
Left Ulna 2.84+0.27| 2.9 2.1 3.3 2.8 2.9
Right Fibula | 3.0+0.22 3.0 2.6 3.6 3.0 31
Left Fibula | 3.11+0.25| 3.1 25 3.7 3.1 3.2
Right Tibia | 3.5+0.28 3.5 2.8 4.2 35 3.6
Left Tibia 3.6+£0.31 3.6 25 4.2 35 3.7
Difference Between Contralateral Side

Radius -0.08 £0.31] -0.1 -0.6 0.5 -0.1 0.0
Ulna -0.1+£0.32| -0.2 -0.6 0.7 -0.2 0.0
Fibula -0.11+0.3| -0.2 -0.6 0.5 -0.2 0.0
Tibia -0.1+£0.31| -0.2 -0.6 0.6 -0.2 0.0

The above table establishes that there is no ttatiglifference in the physeal plate
width between the contralateral sides for all gl bones which were imaged in the

study - radius, ulna, fibula or tibia.

The median value of physeal plate in right and faftius was same (2.9) whereas
there was a difference of 0.1 while comparing theseal plates of ulna (2.8 right and

2.9 left), fibula (3.0 right and 3.1 left) and &#h(3.5 on the right and 3.6 on the left).
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Table 5: Comparison of mean of physeal plate widthbetween age group
(For Male) (N=54)

Age Group (Meanz SD)
Parameter 5-8 Years 9-12 Years

(N=33) (N=21)
Physeal Plate Widths (mm)
Right Radiu: 2.87+£0.2¢ 2.91+0.1¢
Left Radius 2.9+ 0.27 3.0:+0.2
Right Ulna 2.75+0.27 2.7¢+0.1¢€
Left Ulna 2.86+0.22 2.6+0.2¢
Right Fibule 29¢+0.2 3+0.17
Left Fibule 3.1+0.2¢ 3.14+ 0.2t
Right Tibia 3.47+£0.2¢€ 3.45+£0.2¢
Left Tibia 3.5€+ 0.3z 3.5£+0.3¢
Difference Between Contralateral Side
Radius -0.11+0.32 -0.12+0.31
Ulna -0.12+ 0.3t -0.12+0.32
Fibule -0.11+£0.23 -0.14+0.31
Tibia -0.0¢+0.31 -0.1+0.3¢

The above table compares the differences in thenmith of contralateral physeal
plate of the radius, ulna, fibula and tibia in th® age groups comprising of only
males while proving there is no significant statetdifference seen in the two age

groups.
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Table 6: Comparison of mean of physeal plate widthbetween age group (For

Female ) (N=42)

Age Group (Meanz SD)
Parameter
5-8 Years (N=23)| 9-12 Years (N=19

Physeal Plate Widths (mm)

Right Radius 2.83+0.26 2.94 +0.25
Left Radius 2.95+0.27 2.85+0.23
Right Ulna 2.68 +£0.23 2.74£0.28
Left Ulna 2.77+0.34 2.79+0.25
Right Fibula 3.01+0.23 3.02+0.28
Left Fibula 3.1+0.27 3.08 £0.27
Right Tibia 3.52+£0.29 3.59+£0.29
Left Tibia 3.62+0.3 3.72+£0.26
Difference Between Contralateral Side

Radius -0.13£0.3 0.09 £0.27
Ulna -0.08 £ 0.35 -0.06 £ 0.25
Fibula -0.1+£0.31 -0.07 £0.29
Tibia -0.1+0.3 -0.12 £ 0.29

The above table compares the differences in thenmadth of contralateral physeal
plate of the radius, ulna, fibula and tibia in e age groups comprising of only
females while proving there is no significant sttial difference seen in the two age

groups.
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Table 7: Descriptive analysis of any physeal platabnormality detected in the

study population (N=96)

Detected

Any Physical Plate Abnormality

Frequency

Percentages

NIL

96

100.00%

Our study population comprised of healthy uninjureddrien and didn’t show any

incidental physeal plate abnormalities.

Table 8: Comparison of mean physeal plate widths ahdifferences between the

contralateral side between age group (N=96)

Age Group (Meanz SD) 5

Parameter 5-8 Years (N=56 9-(1|\?:\‘(£§1rs value
Physeal Plate Widths (mm)
Right Radius 2.85+0.27 293+0.22 (0.174
Left Radius 2.97 £0.27 2.95+0.28 |[0.667
Right Ulna 2.72+£0.26 276 £0.22 (0.436
Left Ulna 2.83+0.27 2.85+0.27 [0.695
Right Fibula 3x0.21 3.01 +£0.22 (0.837
Left Fibula 3.1+0.25 3.11+0.26 |[0.864
Right Tibia 3.49 £0.27 3.52+0.29 (0.671
Left Tibia 3.59+0.31 3.63+0.32 [0.493
Difference Between Contralateral Side
Radius -0.12+0.31 -0.02£0.31 |0.137
Ulna -0.11+0.34 -0.09+£0.29 |0.797
Fibula -0.11+0.3 -0.11+0.3 [0.995
Tibia -0.09+0.3 -0.11+0.31 |0.758
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width and their difference between the contraldtside be it radius, ulna, fibula or

tibia between the two age groups under consideratithis study

Table 9: Comparison of mean physeal plate widths ahdifferences between the
contralateral side between gender (N=96)

Gender (Meanz SD)
Parameter P value
Male (N=54) | Female (N=42)

Physeal Plate Widths (mm)

Right Radius 289+0.25| 2.88+0.26 | 0.872
Left Radius 3+0.28 291 +0.26 | 0.100
Right Ulna 276 +0.23| 2.71+0.25 | 0.249
Left Ulna 2.89+0.24 2.78+0.3 0.051
Right Fibula 299+0.19| 3.01+0.25 | 0.696
Left Fibula 3.12+0.24 3.1+0.27 0.678
Right Tibia 3.46+0.27| 3.55+0.29 | 0.109
Left Tibia 3.56+0.33| 3.66+0.28 | 0.094
Difference Between Contralateral Side

Radius -0.11£0.31| -0.03+0.31 | 0.190
Ulna -0.12+£0.33| -0.07+£0.31 | 0.443
Fibula -0.12+0.3 -0.08 £ 0.3 0.531
Tibia -0.09+0.32| -0.11+0.29 | 0.812

The above table proves that the differences irpttyseal plate width and its

variation between the contralateral sides in radilre, tibia and fibula is statistically

insignificant between the two genders.
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DISCUSSION

Ultrasound being a non-invasive and cost-effective imaging modality can play
a vital role in diagnosis of radiographically occult or isolated physeal fracture i.e.,
Salter-Harris type | fracture. This study conducted over a period of 12 months in the
Department of Radiodiagnosis, Jawaharla Nehru Medical College, Belagavi is
thereby done with the purpose of establishing the importance of ultrasonography in

diagnosis of pediatric physeal plate fractures.

In the current study, after considering the inclusion and exclusion criteria,
sample size was taken as 96 being almost similar to the sample size of 95 used by

Lorraine et a. @ in his study.

In this study we tried to successfully compile a database of baseline
measurements of the physeal widths of the four long bones - radius, ulna, fibula and
tibia with further comparison of the width between the contralateral side, gender and
age. This database would aid to detect any disparity further helping in diagnosis of

physeal plate fracture.

It has been researched that a variety of pathological conditions including
fractures in patients with immature skeleton may affect the physis resulting in
complications like growth arrest, limb shortening, development of bone bridges and

angular deformities.®?

The study was done on heathy children between age 5 to 12 years further
divided into two age groups mainly 5 to 8 years and 9 to 12 years with no history
trauma or skeletal abnormality. The maximum age of the included subject was capped

a 12 yearsin order to avoid cases with closed physeal plate.
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The number of males included in the study were 54 (56.25 %) outnumbering

the number of females which were 42 (43.75%).

Maximum number of children enrolled in the present study were between the
age group of 5-8 years (58.33%) with a mean of 8.25 years and a standard deviation
of 2.17 whereas the mean age in the study done by Lorraine et al ® was 6 years 3

months.

Shari T et a. in his study compared three imaging modalities namely
radiographs, computed tomography and magnetic resonance imaging, and found MRI
to be the most sensitive of all to visualize the physis “9. However recent studies like
that of Lorraine et al ® and Crystal C Wang et a GV stated sonography to be effective
in accurately determining physeal plate width and thereby help in diagnosing physeal

injuries.

Naum simanovsky et al. %), in their study established that sonography is more

sensitive in detecting fractures when compared to radiographs.

Since there is a lack of a sonography data regarding the physeal plate
fractures, we chose ultrasonography as the modality to evaluate the physeal plate in

our study.

Our study is the first in the nation to evaluate, measure and compare physeal

plate widths among pediatric population with respect to contralateral side, gender and

age.

The average physeal plate width, in our study population, found in distal end
of fibula, radius, ulna and tibia have been compiled in the results aong with the

differences seen in contralateral sides of each.
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Discussion

Sonography of none of the children in the study revealed any kind of

incidental physeal abnormalities or variations.

Also, in our study we could not establish any statistically significant disparity

in physeal plate width measurement between contralateral sides.

Lorraine et a. ®, found in their study that there was minimal variation in the
physeal plate widths of pediatric patients regardless of age or sex, and the same result
was seen in our study where there was very minimal variation in the widths seen in

both age and sex.

Our study aids the study conducted by Lorraine et al.” in establishing
baseline values of physea plate width which can be used by al the radiologists to

diagnose Salter Harris 1 fractures commonly missed over radiographs.

No intervention was observed in our study.
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Conclusion

CONCLUSION

In this study on 96 patients, physeal plate widths of four long bones were
measured and compared between contralateral sides, age and gender aiding in
formulating a baseline of physea plate width measurements that can be of use in
emergency settings to diagnose fractures commonly missed over radiographs.

It can be concluded that a common baseline value for physeal plate can be
used for the pediatric age group 5-12 years and in both sexes as no statistically

significant difference was observed between them.
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Summary

SUMMARY

Physeal injuries can lead to growth disturbances in children with greater
propensity for growth disturbance when injuries occur at the distal ends of the
long bones. Even though radiograph is currently the gold standard to diagnose
fractures, isolated physea fractures or transverse cleavage through the growth
plate commonly graded as grade | fracture according to the Salter-Harris (SH)

classification system gets commonly missed on radiograph

The sonographic detection of significant disparities in physeal plate widths of
injured children or in suspected case of isolated physeal fracture may have the
potential for earlier detection of Salter Harris type 1 injuries with subsequent

appropriate management.

This study is a hospital based observationa study done on 96 children with no

history of trauma or skeletal abnormality.

The objective of the study was to determine baseline measurements of physeal
plate width and to assess variation in the measured widths among contralateral
sides, age group and sex in the pediatric population.

Ultrasound assessment of physeal plate in normal uninjured children was also

done in order to detect any variations from the normal anatomy if present

This study isfirst of itskind in Indiato assess and determine sonographic baseline
measurements of normal physeal plate widths and demonstrates no statistically
significant difference in physeal plate widths between contralateral extremities

and between the two genders.
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Summary

* The study also demonstrates that children of similar age group have no significant

disparity in physeal plate width measurement.

» Sonography has the advantage of being non-invasive, cost and real time imaging
modality with no risk of any radiation making it a safe and a potentia first line

investigation for evaluation of pediatric fractures
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Limitations

LIMITATIONS

The present study is only a single-center observational study with arelatively
small sample size. To establish a baseline measurement of physeal plate width, alarger
sample would give more accurate data. The study results therefore cannot be

generalized because of the small sample size and single center sampling.

Future multi-centric studies with alarge sample size could increase the validity
of the results and can further help in generating clinical and radiological evidence for

making recommendations in the day-to-day practice.

Another limitation of our study isthat the ultrasound technique largely depends
on the skill of the examiner and hence the dataregarding physea plate width could face

intra and inter-observer variations.

Also distal ends of only four long bones were assessed in the study. Further
studies including more long bones with assessment of their physea width at both
proximal and distal endswould provide a better data further helping the radiologistsin

cases of occult pediatric fractures

Lastly, no radiograph or MRI was performed to corroborate the findings.
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Annexures

ANNEXURE III: FIGURES

LOGIQ P7

Fig 12: GE VOLUSON USG machine used for the study

Fig 13: PHILIPS HD — 11 Xe USG machine used for thetudy
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Annexures

Fig 14: High frequency linear arrays transducers ued for the study.
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Annexures

Fig 15: Image showing the position of the linear aay transducer along the
long axis of radius for measurement of physeal widht

Fig 16: Image showing the position of the linear aay transducer along the
long axis of ulna for measurement of physeal width
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Annexures

Figl7: image showing the position of the linear amy transducer along the
long axis of tibia for measurement of physeal width

Fig18: image showing the position of the linear amy transducer along the
long axis of fibula for measurement of physeal widt
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Annexures

PHOTOGRAPHS OF THE SUBJECTS INCLUDED IN THE STUDY

CASE 1 : 9 year old female

Fig 19: B mode USG image showing normal physeal gewidth measurement
in radius

Fig 20: B mode USG image showing normal physeal gewidth measurement
in ulna
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Annexures

Fig 21: B mode USG image showing normal physeal gewidth measurement
in tibia

FIBULA|

Fig 22: B mode USG image showing normal physeal glawidth measurement
in fibula
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Annexures

CASE 2 : 10 year old male

Philips Healthcare TIS 0.5 11:38:20

-Length 0.227 am- - = e ]
Length_ 258G =i

Fig 23: B mode USG image showing normal physeal gewidth measurement
in radius

Fig 24: B mode USG image showing normal physeal glawidth measurement
in ulna
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Philips Healthcare
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Fig 25: B mode USG image showing normal physeal glawidth measurement
in tibia
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Fig 26: B mode USG image showing normal physeal glawidth measurement
in fibula
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CASE 3 : 7 year old female

"3

1L 0.32 cm|
2L 031c

Fig 27 : B mode USG image showing normal physealgte width
measurement in radius

Fig 28: B mode USG image showing normal physeal gewidth measurement
in ulna
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"3

1L 0.37c
2 L 0.36 cm|

Fig 29: B mode USG image showing normal physeal gewidth measurement
in tibia

Fig 30: B mode USG image showing normal physeal glawidth measurement
in fibula
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ANNEXURE |- INFORMED CONSENT FORM

CONSENT TO PARTICIPATE IN RESEARCH STUDY:

SIGNED CONSENT FROM THE PARENTSOF ALL THE SUBJECTS:

1.1 understand that my child will be participating the study, which includes
ultrasound of the long bones.

2. | confirm that | have read and understood tHerimation in the patient information
sheet. Procedure is explained to me in detail alemtdy information about the
advantages and disadvantages of my child takingip#ne study. | have been given the
opportunity to discuss all aspects of the trialagk questions and hereby consent my
child to participate in the trial outlined above.

3. | understand that the decision to take parhis $tudy is completely voluntary and |
am aware that | can choose to withdraw my childnftbe study at any point of time.

4.1 consent to the photographing or recording loé fprocedure to be performed
including appropriate portions of my child’s bodgr medical, scientific or educational
purposes provided his/her identity is not reveatethe pictures or by the descriptive
texts accompanying them.

5. I understand that there is no significant riskolved in the test that would be done in
this study.

6. No guarantee or assurance has given by anyon® #ise results that may be
obtained.

7. My signature on this form signifies that | hawdlingly decided for my child’s

participation after understanding the above infdroma
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Participant’'s Name/ legally authorized

Representative

Signature

Name and signature of withess

Name and signature of interviewer

Date:

Place:
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Annexures

VERBAL ASSENT FROM MINOR (7-12 years) ALONG WITH PARENTAL

CONSENT:

I / my parent or legal guardian has read the previpage(s) of the consent form
and the investigator has explained the detailshef $tudy. I/my parent or legal

guardian understands that | am free to ask additiqnestions.

I/my parent or guardian understands that partiogpain this study entitled “ROLE
OF ULTRASOUND IMAGING IN ASSESSMENT OF GROWTH PLATEND IT'S
CLINICAL APPLICATIONS- A ONE YEAR HOSPITAL BASED

OBSERVATIONAL STUDY” is voluntary and I/my parent ¢egal guardian may
refuse to participate or may discontinue partidipm@at any time without penalty,
loss of benefits, or prejudice to the quality ofeavhich | will receive.

I/my parent or legal guardian, acknowledge thatgnarantees have been made to
me regarding the results of the treatment involwedhis study, and | agree to

participate in the study and have been given a ajgiiis form.

Name of the Parent Signature of the piare
Name of Investigator Signature of investoga
Name of Witness Signature of Végs
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ANNEXURE |lI- PROFORMA FOR DATA COLLECTION

NAME:

AGE:

SEX: OP/IP NO:

USG NUMBER:

PAST HISTORY (INCLUDING ANY HISTORY OF TRAUMA OR BONY
DEFECT) :

USG FINDINGS:

LONG BONE PHYSEAL PLATE WIDTH (in mm)

. RIGHT RADIUS

. LEFT RADIUS

. RIGHT ULNA

. LEFT ULNA

. RIGHT TIBIA

. LEFT TIBIA

. RIGHT FIBULA

0| N| O O &~ W N| B

. LEFT FIBULA
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Sr No.

USG No.

AGE

GENDER

PHYSEAL WIDTH (in mm)

ANY PHYSEAL PLATE

ABNORMALITY DETECTED
DIFFERENCE DIFFERENCE
BETWEEN DIFFERENCE BETWEEN BETWEEN LEFT |DIFFERENCE BETWEEN
RIGHT RADIUS| LEFT RADIUS RIGHT ULNA LEFT ULNA RIGHT FIBULA | LEFT FIBULA RIGHT TIBIA
CONTRALATERAL CONTRALATERAL SIDE CONTRALATERAL TIBIA | CONTRALATERAL SIDE
SIDE SIDE

1 [29918 9 FEMALE 2.5 2.4 0.1 2.2 2.3 -0.1 3.6 3.7 -0.1 4.2 3.8 0.4 NIL
2 |12685 7 FEMALE 3.2 3.1 0.1 2.3 2.1 0.2 2.8 2.8 0 3.7 3.6 0.1 NIL
3 12711 11 MALE 2.9 3.3 -0.4 2.9 2.6 0.3 2.8 3.1 -0.3 3.2 3.8 -0.6 NIL
4 (12738 6 MALE 3.2 2.8 0.4 2.6 3 -0.4 3.2 3 0.2 3.7 4.1 -0.4 NIL
5 12767 7 MALE 3.4 3.4 0 2.8 2.5 0.3 3 3.4 -0.4 3 3.5 -0.5 NIL
6 30041 10 MALE 2.3 2.6 -0.3 2.5 2.7 -0.2 3.2 3.1 0.1 2.8 2.6 0.2 NIL
7 120313 6 FEMALE 3 2.8 0.2 2.8 2.3 0.5 3.3 2.9 0.4 3.1 3 0.1 NIL
8 (30917 5 MALE 2.3 2.4 -0.1 3.4 2.7 0.7 3 3.3 -0.3 2.9 2.5 0.4 NIL
9 [3452 5 FEMALE 2.6 2.8 -0.2 2.5 2.4 0.1 2.8 2.5 0.3 2.9 3.1 -0.2 NIL
10 |3451 8 MALE 2.9 2.7 0.2 2.8 2.9 -0.1 3 3.2 -0.2 3.3 3.4 -0.1 NIL
11 |3454 11 MALE 3.1 3.3 -0.2 2.9 3.2 -0.3 3.1 3.1 0 3.2 3.4 -0.2 NIL
12 13090 12 MALE 3 2.7 0.3 2.9 2.4 0.5 3.2 2.8 0.4 3.7 3.1 0.6 NIL
13 |3277 8 FEMALE 2.8 3.4 -0.6 2.6 3.2 -0.6 2.9 3.3 -0.4 3.4 3.6 -0.2 NIL
14 14010 6 MALE 2.7 3.2 -0.5 2.5 2.8 -0.3 2.7 3 -0.3 3.2 3.6 -0.4 NIL
15 |3453 8 FEMALE 3 2.9 0.1 2.8 3.2 -0.4 3 3.5 -0.5 3.4 3.8 -0.4 NIL
16 4012 7 MALE 2.6 3 -0.4 2.5 3 -0.5 2.9 3.1 -0.2 3.3 3.5 -0.2 NIL
17 4187 9 MALE 2.9 3.5 -0.6 2.8 3.1 -0.3 2.9 3.2 -0.3 3.3 3.4 -0.1 NIL
18 14189 12 FEMALE 2.8 2.9 -0.1 2.7 2.6 0.1 2.8 3 -0.2 3.5 3.9 -0.4 NIL
19 4190 5 MALE 2.7 3.1 -0.4 2.5 3 -0.5 2.7 3.3 -0.6 3.3 3.8 -0.5 NIL
20 4002 8 MALE 3.2 2.8 0.4 3 2.8 0.2 3.2 3.1 0.1 3.6 4 -0.4 NIL
21 |3454 11 MALE 3.1 3 0.1 3 2.6 0.4 3.3 2.9 0.4 3.7 3.4 0.3 NIL
22 |4006 10 FEMALE 2.9 2.7 0.2 2.5 2.7 -0.2 2.8 3.1 -0.3 3.6 3.9 -0.3 NIL
23 |5278 6 MALE 2.5 2.9 -0.4 2.5 2.7 -0.2 2.7 3 -0.3 3.2 3.7 -0.5 NIL
24 |4734 9 FEMALE 2.7 3 -0.3 2.6 3 -0.4 3 3.5 -0.5 3.8 4.1 -0.3 NIL
25 13278 7 FEMALE 2.4 2.5 -0.1 2.5 2.5 0 2.8 2.9 -0.1 3.6 3.5 0.1 NIL
26 4371 6 MALE 2.7 2.9 -0.2 2.6 3 -0.4 2.7 3.2 -0.5 3.3 3.7 -0.4 NIL
27 |4917 12 FEMALE 3.4 3 0.4 2.9 3 -0.1 3.1 3.3 -0.2 3.8 4.1 -0.3 NIL
28 146303 11 FEMALE 3 3.1 -0.1 2.7 2.9 -0.2 3 3.2 -0.2 3.7 4 -0.3 NIL
29 |5087 8 MALE 2.8 2.9 -0.1 2.7 2.9 -0.2 3 3.4 -0.4 3.5 3.8 -0.3 NIL
30 |5090 5 MALE 2.4 2.8 -0.4 2.2 2.7 -0.5 2.6 2.9 -0.3 3.3 3.5 -0.2 NIL
31 13276 7 FEMALE 2.6 3 -0.4 2.5 3 -0.5 2.8 3.1 -0.3 3.4 3.8 -0.4 NIL
32 13105 10 MALE 2.9 2.5 0.4 2.8 2.7 0.1 3 3.4 -0.4 3.8 4 -0.2 NIL
33 |7871 6 MALE 2.8 3.3 -0.5 2.6 3.1 -0.5 2.9 3.2 -0.3 3.5 3.8 -0.3 NIL
34 112374 7 MALE 2.5 2.9 -0.4 2.3 2.6 -0.3 2.8 2.9 -0.1 3.2 3.3 -0.1 NIL
35 6198 8 FEMALE 2.7 2.8 -0.1 2.7 2.7 0 2.9 3.1 -0.2 3.4 3.6 -0.2 NIL
36 14278 9 MALE 3 2.9 0.1 2.7 2.9 -0.2 2.8 3.2 -0.4 3.3 3.6 -0.3 NIL
37 13310 12 FEMALE 2.8 2.5 0.3 2.5 2.3 0.2 2.7 2.6 0.1 3.2 3.4 -0.2 NIL
38 |7126 5 FEMALE 2.3 2.8 -0.5 2.3 2.6 -0.3 2.6 3 -0.4 3.1 3.7 -0.6 NIL
39 13115 8 FEMALE 2.5 2.7 -0.2 2.3 2.5 -0.2 2.8 3.1 -0.3 3.4 3.8 -0.4 NIL
40 (7316 6 FEMALE 2.9 2.7 0.2 2.9 2.5 0.4 3.3 2.9 0.4 3.6 3.3 0.3 NIL
41 (18190 10 FEMALE 2.6 3 -0.4 2.4 2.9 -0.5 2.6 3 -0.4 3.2 3.7 -0.5 NIL
42 [16261 9 MALE 2.9 3.3 -0.4 2.8 3.3 -0.5 3 3.6 -0.6 3.4 3.7 -0.3 NIL
43 (15113 7 FEMALE 2.8 2.8 0 2.7 2.4 0.3 3.3 3.1 0.2 4 3.8 0.2 NIL
44 (6386 11 MALE 3.2 3 0.2 3.2 3.1 0.1 3.4 3.4 0 4.1 3.8 0.3 NIL
45 (7125 5 MALE 2.5 2.8 -0.3 2.3 2.7 -0.4 2.8 2.9 -0.1 3.3 3.6 -0.3 NIL
46 (12373 8 FEMALE 3.1 2.9 0.2 2.9 3 -0.1 3.2 3.5 -0.3 3.9 4 -0.1 NIL
47 (14182 9 FEMALE 2.9 2.7 0.2 2.8 2.7 0.1 3 2.9 0.1 3.4 3.3 0.1 NIL
48 (14179 12 FEMALE 3.3 3 0.3 3.2 3.1 0.1 3 3.3 -0.3 3.6 3.9 -0.3 NIL
49 (40314 6 FEMALE 2.7 3.1 -0.4 2.5 3 -0.5 2.8 3.2 -0.4 3.3 3.9 -0.6 NIL
50 49014 7 MALE 2.7 2.9 -0.2 2.6 3 -0.4 2.9 3.1 -0.2 3.5 3.8 -0.3 NIL
51 |14441 7 MALE 3 2.9 0.1 2.7 3 -0.3 3.1 2.9 0.2 3.7 3.4 0.3 NIL
52 12373 8 FEMALE 2.9 3.4 -0.5 2.8 3.2 -0.4 3 3.3 -0.3 3.6 3.9 -0.3 NIL
53 14106 10 FEMALE 3.3 3 0.3 3.2 3.1 0.1 3.5 3.2 0.3 4 3.6 0.4 NIL




54 120313 6 MALE 2.9 3.3 -0.4 3 3.2 -0.2 3.2 3.7 -0.5 3.7 4.1 -0.4 NIL
55 5099 12 MALE 2.8 2.7 0.1 2.6 2.5 0.1 2.9 2.6 0.3 3.3 3.2 0.1 NIL
56 21194 9 MALE 3.1 3.4 -0.3 2.9 3.3 -0.4 3 3.5 -0.5 3.5 3.8 -0.3 NIL
57 20625 7 FEMALE 2.8 3 -0.2 2.7 2.9 -0.2 3 3.3 -0.3 3.5 3.8 -0.3 NIL
58 21338 5 FEMALE 2.7 3.1 -0.4 2.5 3 -0.5 2.8 3.2 -0.4 3.4 3.6 -0.2 NIL
59 18526 8 MALE 3.2 3 0.2 3 2.7 0.3 3.2 3 0.2 3.7 3.4 0.3 NIL
60 19506 8 MALE 3 3.5 -0.5 2.8 3.2 -0.4 3 3.5 -0.5 3.6 4 -0.4 NIL
61 12208 11 FEMALE 3 2.8 0.2 2.9 2.8 0.1 3.1 2.9 0.2 3.4 3.6 -0.2 NIL
62 15034 10 MALE 3.1 2.6 0.5 2.9 2.7 0.2 3 2.9 0.1 3.6 3.5 0.1 NIL
63 14441 7 MALE 2.7 3.2 -0.5 2.5 3.1 -0.6 2.8 3.2 -0.4 3.3 3.3 0 NIL
64 38104 6 MALE 2.6 3.1 -0.5 2.6 3 -0.4 2.9 3.2 -0.3 3.2 3.4 -0.2 NIL
65 14279 12 FEMALE 2.9 2.8 0.1 2.5 2.7 -0.2 2.7 3 -0.3 3.1 3.5 -0.4 NIL
66 20488 9 MALE 3 3.3 -0.3 2.8 3.1 -0.3 3 3.3 -0.3 3.7 4.1 -0.4 NIL
67 20487 5 FEMALE 2.9 2.5 0.4 3 2.7 0.3 3.1 2.9 0.2 3.4 3.2 0.2 NIL
68 43777 6 MALE 3.5 3.3 0.2 3.1 3 0.1 3.3 3 0.3 3.8 3.3 0.5 NIL
69 21333 8 FEMALE 3.2 2.9 0.3 3 2.6 0.4 3.4 2.9 0.5 3.7 3.4 0.3 NIL
70 17845 10 MALE 2.9 2.8 0.1 2.8 2.6 0.2 3 2.9 0.1 3.6 3.1 0.5 NIL
71 13937 11 MALE 2.9 3.4 -0.5 2.7 3.2 -0.5 3.1 3.1 0 3.7 3.9 -0.2 NIL
72 120141 7 FEMALE 3 3.5 -0.5 2.9 3.3 -0.4 3.4 3.6 -0.2 4.1 3.8 0.3 NIL
73 |15030 5 MALE 3.1 2.9 0.2 3.1 3 0.1 3.4 3.2 0.2 3.7 3.6 0.1 NIL
74 115514 8 MALE 3 2.7 0.3 2.9 2.7 0.2 3.1 3 0.1 3.8 3.5 0.3 NIL
75 15966 12 MALE 2.7 3 -0.3 2.6 3 -0.4 2.8 3.3 -0.5 3.3 3.7 -0.4 NIL
76 139389 9 MALE 2.9 3.3 -0.4 2.6 3.1 -0.5 2.9 3.1 -0.2 3.4 3.5 -0.1 NIL
77 17896 5 MALE 2.9 2.6 0.3 2.8 2.5 0.3 3 2.7 0.3 3.4 3.1 0.3 NIL
78 121336 8 FEMALE 2.6 2.8 -0.2 2.6 2.7 -0.1 2.9 2.8 0.1 3.5 3.3 0.2 NIL
79 21337 10 FEMALE 2.7 3.2 -0.5 2.5 3.1 -0.6 2.7 3.2 -0.5 3.6 4 -0.4 NIL
80 44832 9 MALE 2.9 3.1 -0.2 2.8 3.1 -0.3 2.9 3.4 -0.5 3.3 3.8 -0.5 NIL
81 17897 11 FEMALE 2.9 2.8 0.1 2.7 2.8 -0.1 3 3.2 -0.2 3.4 3.7 -0.3 NIL
82 149013 6 MALE 3.1 3.4 -0.3 3 3.2 -0.2 3.1 3.3 -0.2 3.6 3.8 -0.2 NIL
83 144899 9 MALE 2.7 3 -0.3 2.6 3 -0.4 2.8 3.1 -0.3 3.2 3.6 -0.4 NIL
84 121333 8 FEMALE 3.3 3 0.3 3 2.6 0.4 3.2 3 0.2 3.8 3.6 0.2 NIL
85 15285 12 FEMALE 2.8 2.4 0.4 2.7 2.4 0.3 2.9 2.6 0.3 3.4 3.3 0.1 NIL
86 39378 10 FEMALE 2.9 3 -0.1 2.8 2.9 -0.1 3.2 2.9 0.3 3.8 3.7 0.1 NIL
87 38421 7 MALE 3 3.1 -0.1 3 3 0 3.3 3.1 0.2 4.1 3.7 0.4 NIL
88 146293 9 FEMALE 3.2 3 0.2 3.1 3 0.1 3.4 3 0.4 3.7 3.4 0.3 NIL
89 40167 8 MALE 2.9 3.4 -0.5 2.6 3.2 -0.6 2.8 3.3 -0.5 3.4 3.6 -0.2 NIL
90 49027 7 MALE 3 2.7 0.3 3 2.6 0.4 3.1 2.9 0.2 3.6 3.5 0.1 NIL
91 |38382 11 FEMALE 3.3 2.9 0.4 3.1 2.8 0.3 3.2 3 0.2 3.9 3.7 0.2 NIL
92 39315 5 MALE 3.1 3.2 -0.1 3 2.9 0.1 3.1 3 0.1 3.8 3.6 0.2 NIL
93 40479 8 MALE 3 2.7 0.3 3 2.7 0.3 3.2 2.8 0.4 3.7 3.5 0.2 NIL
94 |38786 12 MALE 2.8 2.9 -0.1 2.7 2.8 -0.1 2.9 2.9 0 3.3 3.6 -0.3 NIL
95 44897 6 FEMALE 3 3.4 -0.4 2.9 3.2 -0.3 3.1 3.5 -0.4 3.8 4.2 -0.4 NIL
96 49053 8 MALE 2.9 2.6 0.3 2.8 2.5 0.3 3 2.6 0.4 3.4 3.1 0.3 NIL




