Allengens 10,000+ C-Arms

Passion for excellence Highest in The Industry

HF C-Arm

Rollscan

JOURNAL OF ARTHROSCOPY AND JOINT SURGERY

Discover The Power of ... el B H
« 1K % 1K Imaging Technology r -« |
L Laser [}
Centering Davice W—
& For ease of positioning
i - IL Larger SID
. - r | Surgeons get more space
B — - i & can easily perform
o ' the surgery
= \ ! :
I '\\‘- j__ - m
oy |
L. e Official Journal of the Interational Socisty for Knowledge for
TG ﬂ\ : Surgeons on Arthroscopy and Arthroplasty (ISKSAA)
A \
APPLICATIONS : Indexed in Scopus
Spinal Surgeries.

L]

§ DHS - Dynamic Hip Screw.

n Arthroscopy / Arthroplasty.

1 ORIF - Open Reduction Internal Fixation.

5 MUA - Manipulation Under Anesthesia is indicated for Total Knee Arthroplasty (TKA) patients.

ALLENGERS ADWANTAGE - ALL UNDER ONE ROOF
« Mobile DR Systems - Fixed DR Systems » X-Ray Systens « Cathlabs + C-Arm Image Intensifiers - Mammography
+ DSA Systems « Lithotripter « Remote Controlled RF Table « OPG « Monitors « TMT « ECG « EMG « PSG « EEG « HMS « PACS

ALLENGERS MEDICAL SYSTEMS LTD. i Volume 3 Number 3 September—December 2016 ISSN: 2214-9635
S.C.0. 212-213-214, Sector 34-A, Chandigarh -U.T. 160 022 (INDLA)
DOMESTIC SALES : Ph : +81 172 6618000-99 Fax: +91 172 2621913 marketing@allengers.nit Awsilable online at www scisncedirect com
INTERMATIONAL SALES : Ph - +91 172 6618081, 6618082 Fax - +31 172 2621912 exports@allengers net
www.allengers.com ScienceDirect

TOLL FREE NO. 1800-266-8800 (INDLA

WE AP PR




e

25 H"
I s KE M International Society for Knowledge for Surgeons
on Arthroscopy and Arthroplasty

ISKSAA (International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty) is a sodety of orthopaedic
surgeons from around the world to share and disseminate knowledge, support research and improve patient care in
Arthroscopy and Arthroplasty. We are proud to announce that ISKSAA membership is approaching the 1400 mark
India & Overseas ) making it the fastest growing Orthopaedic Assocation in the country in just over 4 years of its
inception . With over 240000 hits from over 144 countries on the website www.isksaa.com & more and mare
interested people joining as members of ISKSAA, we do hope that ISKSAA will stand out as a major body to provide
opportunities to our younger colleagues in training, education and fellowships.

Qur GoalS...e..

s Toprovide health care education opportunities for increasing cognitive and psycho-mator skills in Arthroscopy
and Arthroplasty

Ta provide CME programs for the ISKSAA members as well as other qualified professionals.

To provide Clinical Fellowships in Arthroscopy and Arthroplasty

To provide opportunities to organise and collaborate research projects

To provide a versatile website for dissemination of knowledge

ISKSAA Life Membership

The membership is open to Orthopaedic Surgeons, Postgraduate Orthopaedic students and Allied medical personal
interested in Arthroscopy & Arthroplasty.

Benefits of ISKSAA Life membersiip indude....

s Eligibility to apply for ISKSAA's Prestigious Fellowship Programme , We are finalising affiliations with
ESSKA , ISAKDS , BOA , BASK , Wrightington and FLINDERS MEDICAL CENTRE , IMRI AUSTRALIA to provide
more ISKSAA Fellowships in India , UK , USA , Australia and Europe . We awarded 14 ISKSAA
Fellowships in Feb 2013 , 6 ISKSAA IMRI fellowships in Feb 2014 , 54 ISKSAA fellowships in
September 2014 , 22 ISKSAA wrightington MCh fellowships in  December 2014 , 40 ISKSAA
Fellowships in October 2015 , 15 ISKSAA Wrightington MCh Fellowships in December 2015 and 61
ISKSAA Fellowships in November 2016 .

» Free Subscription of ISKSAA's official , SCOPUS INDEXED , EMBASE INDEXED peer reviewed , online scientific
journal Journal of Arthroscopy and Joint Surgery { JAJS ).

s« Only as a life member , you can enjoy the benefit of reduced Congress charges in ISKSAA Conferences
and participate in the Cadaveric workshops .

»  Member's only section on the website which has access to the conference proceedings and live surgeries of
ISKSAA 2012 , 2013 & 2014 along with a host of other educational material .

« Important opportunity for interaction with world leaders in Arthroscopy & Arthroplasty. .

»  Opportunity to particdipate in ISKSAA courses and workshops

To enjoy all the benefits & privileges of an ISKSAA member, you are invited to apply for the Life
membership of ISKSAA by going to the membership registration section of the website and entering all
your details electronically. All details regarding membership application and payment options are
available {(www.isksaa.com)

Now disperse away worries of compliance from your patient’s life
with a better and faster recovery with

DISPERZYME’

Trypsin B.F. 96mg, Bremelain 130mg, Ruteside Trikydrate B.F: 200mg
Dispersible tablets
The only brand with German Technology

dvanced techn«. logy

* Each particle is enteric coated thus pa afe
and gives maximum intestinal absorption and

- —

Trauma
Post operative inflammation
Cellulitis

Wound healing

For soft tissue and sport injuries®®

Reduces pain and inflammation and helpsin
faster recovery from

Tendonitis Spondylopathies 5p

Frozen shoulder Contusions Bursitis
From pioneers of systemic enzyme therapy in India

ARSIGEN



BIOTEK

we put life in metal

Super-Vim Suture Anchor

BAS-9002.50F Super-Vim Suture Anchor,
Dia. 5.0mm, Titanium (Loaded with two pc Biofiber), Sterile
Ideal for mini-open rotator cuff repair procedures
Anchors made of Ti 6Al-4V ELI Titanium Alloy
Multiple Biofibers dispense load over more of the tendon
Independent Biofiber channels reduce suture binding
Needlepoint tip permits atraumatic hand insertion through soft tissue
Anchor's wide threads and small core optimize bone purchase
Fully-threaded anchor body increases resistance to pull-out

Laser etched markings on the drivers for insertion depth and
suture orientation

Vim-Fix PK Suture Anchor

BAS-9091.55F Vim-Fix PK Ill Suture Anchor,
Dia. 5.5mm (Loaded with three pc Biofiber), Sterile

Clinical used for primary or medial row fixation

Fully threaded; Cancellous and cortical threads provide
exceptional fixation strength

Broaching punch minimizes cortical stress fractures

Double or triple loaded with Biofiber suture RICIERche: Mef]itech .PVt'. Ltd.
Opp. V. S. Hospital, Ellisbridge,
Enhanced tip thread profile for easy insertion Ahmedabad-380 006. Gujarat, INDIA.

Provides initial fixation strength and stability Phone: +91 79 265780?2 .Fax: +9.1 79 26577639
Email: info@biotekortho.com
Technique-create hole, screw-in anchor www.biotekortho.com




HA-

6 ml PFS of sodium hyaluronate for intra-articular use
The Long Lasting E. V. S

6
6 ml PFS million ~ High molecular weight
Da

Non - avian source

U E b A true balance of

viscosity and elasticity’

Cross linked polymer?3?

o Offers high viscosity ‘ Single shot treatment
& residence time

1. Weiss C, et al,J Clin Rheumatol. 1999;5:52-S11. 2.Gigante A et al. Rheumatology Int, 2011:31:427-444 3. Lannitti et al. Drugs R D 2011, 11(1):13-27
E.V.S - Elasto Visco Supplement

<a>

ALKEM

Forgen Hakem Add | Size : As per Discription | Design : Paresh




INIDRIVESSHIPARIARO

OUrAIN=IN=0UNE Solution 10r Artnfroscopy

STO‘RZ unidrive S Il ARTHRO

KARLSTORZ  ENDOSKOPE

HYBRID

287230 20
29.03.2012(11:58

Drehzahl [1000..7000 U/min]
T

KARL STORZ — ENDOSKOPE

THE DIAMOND STANDARD

r
<
N
Y
Q
<
S
e
N
©
i
[ang
<<

KARL STORZ GmbH & Co. KG, MittelstraBe 8, 78532 Tuttlingen/Germany, Phone: +49 (0)7461 708-0, Fax: +49 (0)7461 708-105, E-Mail: info@karlstorz.de
KARL STORZ Endoscopy America, Inc, 2151 E. Grand Avenue, El Segundo, CA 90245-5017, USA, Phone: +1 424 218-8100, Fax: +1 800 321-1304, E-Mail: info@ksea.com
KARL STORZ Endoscopia Latino-America, 815 N. W. 57 Av., Suite No. 480, Miami, FL 33126-2042, USA, Phone: +1 305 262-8980, Fax: +1 305 262-89 86, E-Mail: info@ksela.com
KARL STORZ Endoscopy Canada Ltd., 7171 Millicreek Drive, Mississauga, ON L5N 3R3, Phone: +1 905 816-4500, Fax: +1 905 858-4599, E-Mail: info@karlstorz.ca
www.karlstorz.com

document61 4311126816.indd 1 .




For Pain free joints

Jointace ca.

TABLETS
\_ The Natural Cartilage Revitalize y
—. = E- o — o R RS e s T

Dosage \
Rx In With added advantage LOM Tablet Twice Daily |
S of Rose Hip Extract Atter main meal
Early Osteoarthritis Ao lagen g ==
B Early Rheumatoid Arthritis Jointace ca.
El Meniscus Tear e e

collagen(Type I},
glucosamine,

B To improve Joint Mobility & Flexibility Rose Hip Extract, vit. D
& Cartilage Regeneration

A
MEYER o
VITABIOTICS
\-
: g e gy ®
Calcimax‘kz Calcima 2
; s Plus
Elemental Calcium 200mg Elemental Calcium 500mg
Calcitriol 0.25 mcg Calcitriol 0.25 mcg
Vitamin K2-7 50 mg Vitamin K2-7 50 mg
Elemental Zinc 7.5mg Elemental Zinc 7.5mg
Magnesium 50 mg Magnesium 50 mg .
a N 2
MEYER Safest NSAID Delivery in all Acute & Chronic pain conditions L f-
VITABIOTICS R SUBLINGUAL = :

s esic

Puoxicam 20mg SUBLINGUAL Tablets

Safer & Faster Pain Reliever

Fastest Dissolution time :
[ 52 secs "

RAPID ACTION

T s L2 0
MALVILA DRGANSCS FVT LTD J
MEYE e n'_'-'u.a-'-..'r:u:l = B s A P sl Comme LG S Mcinl G0 o Ptk & Teie l
WITABIOTICS ot mtemeym i B) tcoboch comopns vistionics [ atavmsnisnes

>

\




Journal of Arthroscopy and Joint Surgery
An official publication of International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty
(ISSN: 2214-9635)

Volume 3, Number 3, September-December 2016

Aims and Scope

Journal of Arthroscopy and Joint Surgery (JAJS) is committed to bring forth scientific manuscripts in the form of original research articles, current concept
reviews, meta-analyses, case reports and letters to the editor. The focus of the Journal is to present wide-ranging, multi-disciplinary perspectives on the
problems of the joints that are amenable with Arthroscopy and Arthroplasty. Though Arthroscopy and Arthroplasty entail surgical procedures, the Journal
shall not restrict itself to these purely surgical procedures and will also encompass pharmacological, rehabilitative and physical measures that can prevent or
postpone the execution of a surgical procedure. The Journal will also publish scientific research related to tissues other than joints that would ultimately have
an effect on the joint function.

Author inquiries
You can track your submitted article at http://www.elsevier.com/track-submission. You can track your accepted article at http://www.elsevier.com/trackarticle.
You are also welcome to contact Customer Support via http://support.elsevier.com

Copyright

© 2016, International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by Reed Elsevier India Pvt. Ltd. All rights reserved.
Papers accepted for publication become the copyright of International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty, and authors will
be asked to sign a transfer of copyright form, on receipt of the accepted manuscript by Elsevier. This enables the Publisher to administer copyright on behalf
of the Authors, whilst allowing the continued use of the material by the Author for scholarly communication.

This journal and the individual contributions contained in it are protected under copyright by Elsevier Ltd., and the following terms and conditions
apply to their use:

Photocopying

Single photocopies of single articles may be made for personal use as allowed by national copyright laws. Permission of the Publisher and payment of a fee
is required for all other photocopying, including multiple or systematic copying, copying for advertising or promotional purposes, resale, and all forms of
document delivery. Special rates are available for educational institutions that wish to make photocopies for non-profit educational classroom use.

For information on how to seek permission visit http://www.elsevier.com/permissions or call: (+44) 1865 843830 (UK) / (+1) 215 239 3804 (USA).

Derivative Works

Subscribers may reproduce table of contents or prepare lists of articles including abstracts for internal circulation within their institutions. Permission of the
Publisher is required for resale or distribution outside the institution. Permission of the Publisher is required for all other derivative works, including
compilations and translations (please consult www.elsevier.com/permissions).

Electronic Storage or Usage

Permission of the Publisher is required to store or use electronically any material contained in this journal, including any article or part of an article (please
consult www.elsevier.com/permissions).

Except as outlined above, no part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, without prior written permission of the Publisher.

Notice

No responsibility is assumed by the Publisher for any injury and/or damage to persons or property as a matter of products liability, negligence or otherwise,
or from any use or operation of any methods, products, instructions or ideas contained in the material herein. Because of rapid advances in the medical
sciences, in particular, independent verification of diagnoses and drug dosages should be made.

Although all advertising material is expected to conform to ethical (medical) standards, inclusion in this publication does not constitute a guarantee or
endorsement of the quality or value of such product or of the claims made of it by its manufacturer.

Subscription information

The Journal of Arthroscopy and Joint Surgery (ISSN: 2214-9635) is published thrice a year. The annual price for individual subscription based in India is
INR 3600; and for international subscribers, the annual price is USD 60. For institutional subscription within and outside India, please contact the
Publishers office at journals.india@elsevier.com.

Further information is available on this journal and other Elsevier products through Elsevier’s website (http://www.elsevier.com). Subscriptions are accepted
on a prepaid basis only and are entered on a calendar year basis. Issues are sent by standard mail. Priority rates are available upon request. Claims for missing
issues should be made within six months of the date of dispatch.

Orders, claims, advertisement and journal enquiries: please contact

Editorial Office: Dr Pushpinder Singh Bajaj, Bajaj Specialist Clinics, B-7/5 Safdarjung Enclave, New Delhi — 110029. Tel: 41057555 / 41057556 /
41057557. Email: psbajaj@hotmail.com.

Publishing Office: Elsevier, A division of Reed Elsevier India Pvt. Ltd., 14th Floor, Building No.10B, DLF Cyber City, Phase-1I, Gurgaon-122002, Haryana,
India. Email: journals.india@elsevier.com






Journal of Arthroscopy and Joint Surgery
An official publication of International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty
(ISSN: 2214-9635)

Volume 3, Number 3, September-December 2016

Editor-in-Chief

PROF RAVI GUPTA Chandigarh MR SANJEEV ANAND UK
Executive Editor Managing Editor Deputy Editor
PROF LALIT MAINI Delhi DR PUSHPINDER BAJAJ Delhi DR AMITE PANKAJ Delhi

Section Editors
Trauma & Rehabilitation

DR ALEXANDER WOOD UK Pediatric Orthopaedics
DR PARMANAND GUPTA Chandigarh

Hip
DR AJAY AGGARWAL USA Orthopaedic Oncology
DR MANISH PARUTHI Mumbai
Foot & Ankle
DR MUNEESH BHATIA UK Elbow, Wrist & Hand
DR RAJ MURALI UK
Training & Education
DR JANAK MEHTA Australia Shoulder
DR AMOL TAMBE UK
Arthroplasty
DR MANOJ SOOD UK
Associate Editors
DR DINESH PATEL USA PROF JEGAN KRISHNAN Australia DR RAJESH SETHI UK
DR PONKY FIRER South Africa DR GURINDER BEDI Delhi DR DINSHAW PARDIWALA Mumbai
Editorial Board
PROF GIANNOUDIS UK DR V BHALAIK UK DR SUNDARARAJAN Coimbatore
PROF AMAR RANGAN UK DR PUNEET MONGA UK DR ASHISH DEVGAN Rohtak
DR KHALID MOHAMMAD New Zealand DR TAOFEEK ADEYEMI Nigeria DR RAJU EASWARAN Delhi
MR KAPIL KUMAR UK DR MS DHILLON Chandigarh DR RAHUL KHARE Delhi
DR MAKARAM SRINIVASAN UK DR VIVEK PANDEY Karnataka
Advisory Board
DR ANDREAS SETTJE Germany DR HIROYUKI SUGAYA Japan PROF RAJASEKARAN Coimbatore
DR ANANT JOSHI Mumbai DR HITESH GOPALAN Cochin MR RAM VENKATESH UK
DR ASHOK RAJGOPAL Gurgaon PROF J E MENDES Portugal MR R PANDEY UK
DR ASHISH BABULKAR Pune DR JAAP WILLEMS Holland PROF RAJ BAHADUR Chandigarh
DR ASIT SHAH USA DR JOHN EBNEZAR Bangalore MR ROBERT J GREGORY UK
DR ANIL BHAT Karnataka DR JVS VIDYASAGAR Hyderabad DR ROHIT ARORA Austria
MR BINOD SINGH UK PROF LENNARD FUNK UK DR SACHIN TAPASVI Pune
DR BINU THOMAS Tamil Nadu DR MARIO PENTA South Australia DR SANJAY DESAI Mumbai
DR DAVID MARTIN Australia DR NICK WALLWORK South Australia DR SANJAY GARUDE Mumbai
DR DAVID RAJAN Coimbatore DR NIRBHAY SHAH Rajkot DR SANJAY TRIVEDI Ahmedabad
DR DENNY LIE Singapore DR PAOLO PALADINI Italy DR SRIPATHI RAO Karnataka
DR EDWARD T MAH Australia DR PARAG SANCHETI Pune PROF SUDHIR KAPOOR Delhi
DR GRAHAM MERCER South Australia DR PETER CAMPBELL Australia MR VED GOSWAMI UK
DR H K WONG Hong Kong PROF PP KOTWAL Delhi DR YOUNG LAE MOON Korea

Copyright (C) 2016, International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. All rights reserved.
Published by Reed Elsevier India Pvt. Ltd.

No part of the publication may be transmitted in any form or by any means, electronic or mechanical, without written permission from the Editor-in-Chief.

Disclaimer: Although all advertising material is expected to conform to ethical (medical) standards, inclusion in the publication does not constitute a guarantee or endorsement
of the quality or value of such product or of the claims made of it by its manufacturer. Please consult full prescribing information before issuing prescriptions for any products
mentioned in this publication.

Printed at EIH Limited-Unit Printing Press, IMT Manesar, Gurgaon







Journal of Arthroscopy and Joint Surgery
An official publication of International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty
(ISSN: 2214-9635)

Volume 3, Number 3, September-December 2016

Table of Contents

Are we Sheep or are we Shepherds?
Ponky Firer

How lipids hurt tendons: Current understanding
Manit Arora, Esha Arora

Quantification of Indian femur: Dry bone anthropometry in relation to total knee arthroplasty

Abhishek Kumar Sambharia, Surabhi Rohilla, Ankur Sharma, Dinesh Kumar, Dhruv Maini, R.K.S. Dhakad

Inter-rater reliability of common quantitative knee X-ray parameters in the Indian scenario
Tvisha K. Parikh, K.A. Thiagarajan, P. Suresh, R. Prabhu Radhan, Prashanth Jawahar, S. Arumugam

An isolated displaced coronal shear fracture of humeral trochlea — A case report

P. Ambareesh, C. Chandrashekhar

Author Index

87

89

92

97

102






Journal of Arthroscopy and Joint Surgery 3 (2016) 87-88

Contents lists available at ScienceDirect

Journal of Arthroscopy and Joint Surgery

journal homepage: www.elsevier.com/locate/jajs

Editorial

Are we Sheep or are we Shepherds?

@ CrossMark

Knee surgery is one of the fastest advancing fields in
Orthopaedic surgery. However, because we don’t have the ability
to replace like for like, i.e. true anatomical parts our researchers
continue to search for the holy grail of “Anatomic Reconstruction”
all the while knowing that it is, at this stage, not possible.

I am referring to the incredible number of research papers
published on Anterior Cruciate Ligament Reconstruction. “ACL” if
put into a search engine will produce more information than
almost any other orthopaedic topic.

Why is this? Surely the reason is two fold:

1) ACL injury rate is increasing dramatically as sports participation
increases around the world. Over 200,000 ACL reconstructions
are done annually in the USA alone. And big profile sport is a
massive business. Just look at the earnings of IPL stars; British
Soccer players and American Football gladiators.

2) The second reason is that this ligament has actually “got our
number”!

We just cannot make it like the creator designed it, plus we
cannot always properly diagnose or correct secondary damage that
occurred at the time of acute or chronic injury.

Yet the search goes on. Patellar tendon was an early graft used
to reconstruct this ligament.! Because the results were not so good
vascularized grafts were tried.? This didn’t yield a normal knee and
sometimes the complications were significant (arthrofibrosis); so
hamstrings were used. Quadriceps tendon is now coming into
vogue. Prosthetics and allograft have failed to solve the problem.

Having found no great improvement towards normality with
different grafts we started looking at where we placed the graft.
Maybe we had it in the wrong place? This seems surprising
because the attachments of the natural ACL are quite large and well
defined anatomically. Many studies going back decades have
taught us this anatomy. Then when “new” anatomic placement
didn’t seem to make a difference we looked at the anatomy again
and re-discovered the “double bundle” nature of the natural ACL.
So there was a stampede to produce the best double bundle
operation with many techniques on how to fix the various bundles
and at what degree of knee flexion. The Pittsburgh group insisted
on fixing the Antero-Medial (A-M) bundle in 60° flexion and the
Postero-Lateral (P-L) bundle near full extension because their
laboratory studies indicated that these were the positions that
these bundles took most load.? But if one stepped back and looked
at what we had been doing when reconstructing mainly the A-M
bundle when doing single bundle reconstructions; and we
remembered the work of Rosenberg, and that of Larson and

http://dx.doi.org/10.1016/j.jajs.2016.10.001

Seidles on isometry,* one would have realized that their A-M graft
with its tunnel position would (in most patients) tighten quite
significantly going into extension if fixed at 60°.

It took a number of years and many failed operations of this
technique which was “sold” to the world, to realize the error of this
fixation position. Double bundle grafts are now being fixed
completely differently (and differently by different surgeons as
well). And more literature is coming out to again show no benefits
to our patients. In amongst this double bundle phase the so-called
“anatomic” single bundle femoral tunnel concept developed. We
were told if you put a single bundle in the centre of the ACL
attachment, thus having part of the tunnel covering the AM bundle
and part the PL bundle we would get better results with more
normal kinematics. Firstly this is such bad terminology. There are
lots of places that the femoral tunnel could be placed and be
“anatomic” all within the footprint. Secondly a number of
researchers started reporting higher early re-rupture rates.

This tells us that we really are no closer to solving the ACL
enigma.

What we are realizing is that there are other structures (e.g.
Antero lateral ligament called the ALL and the ITB) that play a role
in the stabilization of the knee against rotatory moments. And
maybe it is dawning on us (not surprisingly) that different
individuals will have ACLs and peripheral structures that have a
greater or lesser effect in this function. That is, there may be ACL
dominant knees that are very lax/unstable with a primary
“isolated” ACL injury and others that remain stable with the same
injury (I call “periphery dominant” knees). The latter being because
of the contribution of secondary stabilizers which in that
individual play a prominent role.

If we truly want to reconstruct the ACL (Collins Concise
Dictionary: “Reconstruct: to build up again-something in its
original form”), we need to look more closely at how the various
fascicles of the bundles interact recruiting fibres as the force and
position of the knee requires under load. We need to better
appreciate the twisting arrangement of the fibres and bundles
which also plays a role in different degrees of flexion. Because only
by re-creating this highly complex anatomical arrangement will
we be able to truly reconstruct the ACL and by so doing restore the
knee to normal kinematics.

We need to learn to differentiate between the different patient
types as to who might need just ACL surgery and who might need
lateral surgery as well. And even in this lateral surgery and in the
anatomy of the structures we are “fixing” there is discord amongst
the surgical fraternity.

2214-9635/© 2016 International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.
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So maybe instead of going around in circles and trying to outdo
nature we should admit that at this time we cannot “make it like it
was”. We should heed the studies of people like Andy Williams
who has shown that a single bundle A-M graft with a central tibial
tunnel and a “high and deep” femoral tunnel (the position that the
majority of the thickest AM fibres attach to), still gives the best
outcomes’; That we recognize the incorrectly termed “anatomic
tunnel”, that which lies between the centre of attachments of the
A-M and P-L bundles, gives rise to higher failures (which is
understandable if one looks at the isometry of this bundle-
.. .tightens significantly more than the A-M bundle going into
extension and so will see more load during the healing phase)®;
That we need to recruit nature, not fight her, by allowing enough
time for healing before returning the gladiator to the arena. And it
is not just the graft that has to heal, but also the bony injury, thus
allowing “joint homeostasis” as described by Scott Dye.”

So I would appeal to surgeons to use proven techniques based
on careful examination and ellucidation of the injury, especially
the secondary structures, and stick to a technique and graft source
that gives predictable, good results with low morbidity. That the
surgery (technique and graft choice) should be personalized to the
patient being treated. Those that want to push the boundaries
should more carefully and for a longer time period record their
outcomes, and only when after significant time they can prove that
new methods, techniques or surgeries will make a difference, then
present these to the orthopaedic community so that changes made
will positively affect our patients. There have been too many
changes in a short period of time with no evidence of improve-
ment, but sadly evidence of increased failure, costs and morbidity
in some instances.

So be a Shepherd unto your patients and not a sheep to the
pioneers. Let them find the promised land, not promise us they are
finding it!
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Hyperlipidemia has profound effects on tendon substance and mechanical properties. The common
misconception is that hyperlipidemia manifests only as tendon xanthomas. Fatty streaks and signal
changes are much more common than xanthomas, which may be considered as the end product of
organized hyperlipidemic changes. The composition of xanthomas and the cause of lipid-mediated
damage to tendons are discussed.
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1. Introduction

The effect of lipids on tendon structure and healing is one of the
most interesting fields of research. Hyperlipidemia has been
known for many years to be a risk factor for tendon disorders, and
conversely, tendon xanthomas are believed to be a risk factor for
cardiovascular disease. Hyperlipidemia has been hypothesized to
affect approximately 17% of the US population 20 years and older
(National Center for Health Statistics 2006).! With an ever-
increasing hyperlipidemic population the role of high lipid levels
on tendon structure and healing is becoming clearer. There is still a
quantum of work that needs to be done to fully understand that
this topic, however we present the current state of knowledge in
this review.

2. What are tendon xanthomas?

Tendon xanthomas are the classic findings of hyperlipidemia
and are associated with a 3 times higher risk of cardiovascular
disease among hyperlipidemic patients.?

Tendon xanthomas are accumulations of collagen and macro-
phages which contain cholesterol esters (foam cells).> Common
locations are the Achilles tendon, wrist tendons (especially

* Corresponding author at: Department of Orthopaedics, St. George Private
Hospital, Sydney, Australia.
E-mail address: manit_arora@hotmail.com (M. Arora).

http://dx.doi.org/10.1016/j.jajs.2016.11.001

extensor) and elbow tendons. The main characteristic of tendinous
xanthomas is the exceptionally high concentration in free and total
cholesterol.* Tendon xanthomas are usually accompanied by an
increase in lipid size, not only due to the xanthoma itself, but also
the surrounding inflammatory reaction and edema.

The major constituent of tendon xanthoma are lipids (33% of
dry weight) and collagen (24% of dry weight).®> The lipid
composition is typically 55% free cholesterol, 28% cholesterol
esters and 13% phospholipids. This is similar to adult atheroscle-
rotic lesions or fatty streaks.? Staining sections have revealed that
unesterified cholesterol is predominantly extracellular whereas
esterified cholesterol is both intra and extracellular.®”’

There appears to be rapid and total exchange of cholesterol
between blood plasma and the xanthoma, as demonstrated by
radionuclide experiment, suggesting that the xanthoma originates
secondary to blood lipid levels rather than local lipid levels.®
Within the lesion itself there is active uptake of LDL by the
macrophages within the xanthoma.®

LDL is believed to be trapped within the collagen and
glycosaminoglycan portion of the tendon ECM. Here it can become
oxidized to oxLDL on contact with macrophages which then take it
up intracellularly and form foam cells.!®!!

3. Why do xanthomas form?

The short answer here is hyperlipidemia. However, not all
hyperlipidemics have tendon xanthomas and vice versa. Recent
research has found that only a subset of hyperlipidemic patients
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manifest with xanthomas. Xanthoma formation appears to be
linked to genetic variation in specific genes for hypercholesterol-
emia. Oosterveer et al. (2010) found that among their 1208 hyper-
lipidemia patients, there was significant association between
tendon xanthoma and genetic variation in the reverse cholesterol
transport (RCT) and LDL oxidation genes which are the patho-
physiological basis for atherosclerosis.'?

4. Does hyperlipidemia manifest only as xanthoma?

No. In a MR based study on Achilles tendon properties among
hyperlipidemic patients, Dussault et al. (1995) found that 92% of
patients had abnormal signal changes within the tendon, whereas
73% had increased width of tendon itself. The abnormal signal
finding was a diffuse stippled pattern with many low-signal round
structures of equal size surrounded by high signal material on all
pulse sequences.'® Interestingly, in only 30% of patients did the
signal changes appear like xanthoma, suggesting that there is more
happening at the molecular level within the tendon substance,
than simple xanthoma formation.

Thus fatty streaks and signal changes are probably a precursor
to xanthoma formation. Xanthoma can be viewed as the end result
of organized local hyperlipidemia. Clinical studies have noted a
link among Achilles tendon thickness, hyperlipidemia and intima-
media thickness of the carotid artery, suggesting thickening of the
Achilles tendon as a potential indicator of atherosclerosis.'® Thus,
rather than xanthoma itself, any fatty change within the tendon
proper may be an indicator of hyperlipidemia.

5. Is the type of lipid important?

Yes. It appears that the type of lipid is also important. In their
study of 47 patients with Achilles tendon ruptures, Ozgurtas et al.
(2003) found that Total cholesterol, TG, VLDL and LDL concentra-
tions were significantly higher in the tear group than control
group, whereas the HDL concentration was significantly lower in
the tear group.!”® These findings have been confirmed by Mathiak
et al.’® Abboud and Kim (2010) further studied the effect of lipids
on rotator cuffs and reached similar conclusions.!”

6. So how does hyperlipidemia, in itself, damage the tendon?
Hyperlipidemia leads to tendon injury in several ways:

1. The deposition of cholesterol byproducts is implicated in the
formation of tendon xanthomas, which may change tendon
properties and result in increased propensity for tendon rupture.

2. Hyperlipidemia may alter the tendon’s ECM in such a way that
there is increased injury or impaired healing. Ronnemaa et al.
found that embryonic fibroblasts react differently to hyperlipi-
demic rat serum than to normal rat serum. Hyperlipidemic
serum was less likely to stimulate the formation of noncolla-
genous proteins or incorporate glucosamine and cytidine
(components of ECM) compared with normal lipid serum.'®

3. There is reduced baseline elastic modulus and strength of patellar
tendons of hyperlipidemic mice compared with controls.!®

4, Hyperlipidemia impairs both macro and microcirculation, but
how this contributes is yet unclear.?°

Thus hyperlipidemia has profound effects on the tendon
substrate, tendon mechanical properties and tendon vascularity.

7. What is the end result of these changes?

Tendon tears and impaired tendon healing post-tear. The
disruption of tendon architecture, whether in the form of fatty

streaks or xanthomas, along with the reduced mechanical
properties increases the propensity of tears in hyperlipidemic
patients. Beason et al. showed that hyperlipidemic mice have
significantly decreased elastic modulus of their patellar tendons
as compared to controls, with increased liability for tendon
tears.!®

Furthermore, once a tear, whether macro or micro, has
propagated, the resulting healing of the tendon is also impaired
as the tendon is now working against the natural inflammatory
reaction along with the hyperlipidemic changes, rather than just
the inflammatory reaction, as would be the case in normal lipid
patients.

8. Summary

Hyperlipidemia has profound effects on tendon substance and
mechanical properties. Not all hyperlipidemia results in tendon
xanthomas, which in fact can be considered as an end stage to fatty
streaks. Most patients will present to us with fatty streaks than
with tendon xanthomas. It is important to understand the
underlying process of xanthoma formation and of hyperlipidemia
on the tendon to better tailor future therapies. The one thing that is
clear, is that hyperlipidemia, in any form, has negative effects on
tendon.
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To study the distal femoral anatomy in Indian population via dry femoral bone measurements and to
quantify its effect with relation to total knee arthroplasty. Accurate positioning and sizing of femoral
components are important for stability and better outcome.

Anatomic measurements on 70 adult cadaveric distal femora were performed using a standardized
vernier caliper. The femurs were also photographed in both sagittal and coronal view for bowing and
length measurements.

The mean length was 42.85 cm (£2.82). 39 femurs belonged to the right side. There were 45 males and
25 female femurs. The mean sagittal bowing was measured by radius of curvature and found to have a mean
of 109.34 cm (+25.00). Coronal bow was mostly lateral and with a mean of 4.12° (+2.78). A total of
13 patients had a medial bow with a mean bowing of 1.73° (+1.32). The mean medial AP was 57.67 mm
(£3.94). Mean lateral AP was 58.42 mm (+3.73).

Asian knees are generally considered smaller than their western counterparts. Femoral medio-lateral
diameter (fML) was comparatively lesser than other ethnicities published in literature (Chinese and
Caucasian). No gender based significant difference was found between aspect ratio. Strong positive
correlation between the length of femur and fML (p < 0.001) and antero-posterior (fAP) diameter
(p <0.001) in both sexes underline the requirement of larger sized implants in larger individual. The
average aspect ratio is also less than the western knees. Moreover, a negative correlation (p < 0.05)
between increasing AR and fAP diameter was noted. This has a crucial bearing on the fitting of the
implant, permitting or mitigating the over- or under-hang of the implant.

The strength of this study is its basis on healthy non-arthritic distal femur data. The analysis provides
a morphometric template for a larger study for designing of gender specific Indian knees suited implant.
© 2016 International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by

Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.
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across different ethnicities, as suggested by some recent studies.! >

Asians including Indians are basically mesomorphic, and in

1. Introduction

Much attention has been garnered by femoral component
mismatch in total knee arthroplasty (TKA) in Asian patients with
the use of traditional prostheses. Commercially available TKA
implants do not cater to anthropometric differences observed
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general, smaller built compared to Caucasians.* Furthermore,
gender differences also add up to the above confounding problems.
In a noteworthy study in 2000, a statistically significant number of
Indian females (60.4%) had a smaller femoral antero-posterior
(fAP) measurement than the smallest size of the femoral implant.®

During the size estimation for insertion of the femoral
component, the antero-posterior diameter is important in retain-
ing the flexion-extension gap and optimal tension in the
quadriceps mechanism, whereas the horizontal diameter governs
the coverage of the resected bone surface, optimal wound closure,
permitting equal stress distribution, and smooth tracking of the

2214-9635/© 2016 International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.
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patellar component during flexion.>>® A study showed that
femoral implant overhang of >3 mm is associated with more
severe pain two years postoperatively.”

Most existing studies are based on arthritic knees and are CT/
MRI-based. This data may be flawed in the presence of various
deformities which occur in the degenerative arthritis. None of the
existing studies have focused on the generation of basic
morphological data of dry bone distal femurs of Indian patients.
This data is essential for the calculation of average Indian distal
femoral data which will form the basis of new and improved Indian
TKA design. The objective of this study was the quantification of
the dry bone Indian distal femur anthropometry with relation to
TKA.

2. Material and methods
2.1. Study design

The study was conducted on 70 well preserved dry femoral
bones in the Anatomy Bone Bank facility at our institute. Gender
distinction of the femurs being studied was performed by a senior
anatomist.

2.2. Measurements

The measurements were performed by two different observers
and each measurement was made twice to account for inter-
observer and intra-observer variability. An average of the two
measured values for each observation was chosen as the final
value. Digital vernier calipers (Absolute Digimatic Caliper,
Mitutoyo, Japan) and a standard foot ruler were used for the
measurements. Medial and lateral distal femoral condyles were
measured in antero-posterior planes at their widest. Medio-lateral
measurement was done at the level of the epicondylar axis. All the
femurs were photographed from a fixed distance in antero-
posterior and lateral views for calculation of bowing and future
records.

2.3. Measurement of coronal and sagittal bowing

For the measurement of the amount of bowing present in the
dry distal femurs, digital photographs of the femurs were taken
and imported onto a computer.

For the measurement of coronal bowing, a photograph was
taken in a direct lateral position which was established by keeping
the femur on a horizontal flat surface, thus achieving a surface
tangential to the most posterior point of both lateral and medial
condyles and the most posterior point of the proximal femur. The
method of coronal bowing measurement as described by Yau et al.®
was used. On the digital image, the shaft of the femur was divided
into four equal segments (Fig. 1). For each segment, the
longitudinal axes for the most proximal and the most distal
segment were drawn. These axes were extrapolated and the angle
formed between them was measured with the help of a computer
software Protractor (Iconico Inc., NY, USA). This angle would
demonstrate the overall bowing of the shaft of femur in the coronal
plane.

The measurement of the sagittal bowing was done as described
by Harma et al.° The shaft of femur on a lateral X-ray was assumed
to be part of a perfect arc of a circle. The radius of the said circle,
hence calculated would provide us with the degree of sagittal
bowing (Fig. 2). The distance DP was measured after taking the
magnification into factor. The midpoint of distance DP was taken
and a perpendicular drawn from this point meeting the shaft of
femur. This distance was taken as X. The Pythagoras formula was
used for the calculation of the radius with the available variables.

Fig. 1. Measurement of coronal bowing.

More the radius of curvature, lesser the sagittal bowing and vice
versa.

3. Results

The mean length of the femur in men was 43.78 cm (£2.15) and
in women was 41.16 cm (£3.13). The range of femoral length was
from 34.6 cm to 47.5cm. Of the 70 femora analyzed, 45 (64%)
belonged to male gender and 37 (56%) of total number were right
sided.

Sagittal bow was defined as the measurement of radius of
curvature of a circle, whose arc was assumed to be forming the
femoral shaft. Sagittal bow was found to have a mean of 109.34 cm
(£25.00). The male femora (112.72 4+ 25.58 cm) had a higher average
curvature as compared to the opposite gender (103.26 & 23.19 cm).

In the coronal plane, the bowing of the femurs was mostly
lateral. Medial bowing was noted in only 13 cases (7 male,
6 medial). The average lateral coronal bow was 4.12° + 2.78. Of the
13 femurs, maximum medial bow was noted to be up to 4°. Average
medial bow in males and females was 1.82 + 1.24 and 1.62 + 1.51. A
total of 4 femurs had neither lateral nor medial bowing.

The distal femoral medio-lateral (fML) distance measured was
64.91 + 4.59 mm. As expected, it was higher in male (66.11 mm) as
compared to females (62.75 mm). Compared to the other ethnicities,
it was lower than both Caucasian!®~'? and Chinese'®!? data across
various studies. On measurement of the antero-posterior diameter,
the lateral condyle was found to be larger (mean 58.42 mm) than the
medial condyle (mean 57.67 mm). The average AP diameter for males
and females was 60.30 & 3.08 mm and 56.62 & 3.40 mm. For the
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Fig. 2. Measurement of sagittal bowing and the calculation involved.

determination of AP diameter, the higher of the two values (MAP and
LAP) for each femur was chosen.

The aspect ratio as calculated from the above measurements
(fML/AP) was much lower (1.10) than those of other ethnicities
(Caucasian 1.28, Chinese 1.12).1%13

On correlative analysis, in both the sexes, a strong positive
correlation was found between medio-lateral and the antero-
posterior diameters (males: r=0.6, p < 0.001; females: r=0.66,
p < 0.001) and also with the length of femur for both parameters.
Differential findings arose in the correlative analysis between
length of femur and aspect ratio in males and females. While in
females, there was a positive correlation (r = 0.23, p < 0.26), there
was a negative correlation (r=—0.11, p < 0.22) in males.

4. Discussion

Asian knees are generally considered smaller than their western
counterparts. Indians are genetically shorter and smaller built.*
These differences in the build of the patients lead to various
problems with respect to the implants developed on the basis of
the western demographics. In relation to total knee replacement
(TKA), this causes implant related mismatch difficulties, sizing
issues, overhang/underhang, post-operative pain, loosening, etc.
and ultimately poor patient satisfaction and function.

Significant differences in the anthropometric measurements of
the knee between the different ethnic groups were observed in a
previous study.!® This is an important finding given the fact that
Asians have been generally regarded to be of the same size.!®

Most of the previous studies available in the worldwide
literature for different ethnicities and those few studies published
for Indian patients were all CT/MRI based studies.>'>® The current
study was undertaken to gather dry bone data from Indian non-
arthritic distal femurs and to assess this data with relation to the

available data of different ethnicities. Our study in comparison is a
cadaveric dry bone study and hence gives accurate measurements
of the distal femur. Also when compared to the existing MRI based
studies, it precludes problems related to presence of cartilages and
other soft tissue at the time of generation of 3-dimensional images.
Also, it is better than those studies based on in vivo measurement
of resected surfaces as resection techniques may differ by surgeon
and implant used. The previously mentioned CT-based studies are
mostly focused on arthritic deformed knees leading to a high
propensity for erroneous data generation.

Our study is based on data generation in non-arthritic knees.
This helps in removing any confounding factors because of any
bony changes secondary to arthritis and hence aids us in
generation of authentic data for Indian knees. This study would
thus provide a framework for the development of new implants
specific for Indian knees.

There is a paucity of studies on sagittal bow measurement in
Indian population in existing literature with only a single study in
existence.!” Only two other notable studies have been published
but they are concerned with Chinese!® and Caucasian'® ethnicities.
A comparison with the mentioned studies did not appear fruitful as
the Chinese study focused the sagittal bow measured over the
proximal, middle and distal segments differently, whereas the
American study measured the outcome in degrees of angle
subtended (Table 1).

Coronal bow in Indian patients has been explored in 2009 by
Mullaji et al.2° They published that mean femoral bow was
3.6 + 2.5 in patients with varus deformity compared to 0.4 + 1.2° in
control patients on hip-to-ankle standing radiographs. This finding is
different from our observation. In a Korean study in 2015, the mean
femoral bowing was 1.96 4+ 1.53°.

The basic distal femur measurements such as fML and AP
diameters were smaller in females compared to males, thus giving

Table 1
Previous studies in literature on femoral sagittal bow/radius of curvature measurement.
Study Number of femur Bowing Remarks
Tang et al.'® 100 Proximal - 1081.6 No single measurement or average value of bowing for whole femur
Middle - 926.2 Max curvature in distal femur
Distal - 715.1
Yehyawi et al.'® 166 Proximal - 4.2 Measurement in degrees
Middle - 0.2 Maximum curvature in proximal femur

Distal - 3.1
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Table 2
Comparison of femoral medio-lateral, antero-posterior and aspect ratio in various ethnicities.
Study Ethnicity Number of femurs Method of examination fML fAP Aspect ratio
Our study Indian 70 Bone measurement 66.11+£3.99 (M) 60.3043.08 1.09 +0.05
62.75+4.89 (F) 56.62 +3.40 1.10+0.06
Yue et al.’® Chinese 40 CT based 82.6+3.6 (M) 65.0+2.8 (M) 1.27+£0.03 (M)
72.8+2.6 (F) 58.8+2.5 (F) 1.244+0.04 (F)
Yue et al.'® Caucasian 36 MRI based 86.0+5.6 (M) 67.5+3.6 (M) 1.28 £0.07 (M)
76.4+4.0 (F) 59.7+£2.6 (F) 1.28 £ 0.06 (F)
Lim et al.?! Korean 115 MRI based 81.5+5.7 (M) 59.0+4.1 (M)
76.7 +3.7 (F) 58.4+3.1 (F)
Ha and Na?? Korean 1168 Intra-operative 74.8 (M) 66.3 (M)
68.2 (F) 60.8 (F)
Berger et al.!! American 75 Bone measurement 85.6+5.1 (M) 68.1+4.6 (M)
75.4+2.3 (F) 60.2+2.0 (F)
Mensch and Amstutz'? American 30 Plain radiography 82.1+4.7 (M)
69.9+2.6 (F)
76.8+7.2 (C)
Hussain et al.'* Malay 100 CT based 74.88 £3.55 63.93+3.36 1.17 £0.05
64.53 +3.12 57.39+3.29 1.13+£0.05
Cheng et al.® Chinese 172 CT based 74.4+2.9 (M) 66.6+2.4 (M) 1.12+0.03 (M)
66.8 +3.1 (F) 61.0+2.7 (F) 1.09 +0.04 (F)
71.0£3.0 (C) 64.1+£2.7 (C) 1.11+0.03 (C)

credence to the need for options for smaller implant. Correlation
analysis showed an anticipated strong positive relationship
between the ML and AP diameters and also of each with the
length of the femur.

Another significant finding discovered was differences in the
various measurements even amongst the Asian ethnicities which
are otherwise considered as one. The fML and AP measurements
when compared were smaller than the other ethnicities including
the Caucasians, Chinese and Malay.'0-1214

But, only the availability of a smaller sized implant for Indian
knees would not solve all the problems. The ratio of fML and AP
diameters i.e. aspect ratio (AR) also differs from that found in
Caucasians. The aspect ratio as determined in the present study is
1.10 £ 0.05, considerably different from the Caucasian (1.28) and the
Chinese (1.12). Thus for a given antero-posterior diameter of the
Indian distal femur, the medio-lateral diameter is much less than
what is expected, if the AR of 1.28 is considered (Table 2).

Another surprising factor noticed was a negative correlation
between the length of femur and the aspect ratio. With an
increasing length of the femur, the AP diameter increases more
than the ML diameter (r= —0.11, p < 0.22). Also, 15 femurs with a
high AP diameter of >62 mm had a lower than average aspect ratio
of 1.07 4 0.04. Thus, at larger sizes too, an implant mismatch is an
inevitability. This negative correlation was primarily noticed in male
gender femurs. This difference was mainly attributable to a more
strongly linked changes in the AP diameter with the length (r=0.72,
p < 0.001) than with fML (r=0.51, p < 0.001). In females, both the
parameters changed at the same rate (AP: r=0.64, p < 0.001; fML:
r=0.65, p < 0.001). This negative correlation has also been noticed in
a Chinese study.'®

The strength of this study is its basis on healthy non-arthritic
distal femur data. The analysis provides a morphometric template
for a larger study for designing of gender specific Indian knees
suited implant.

The drawback of the present study is the comparatively smaller
number of the femurs used for analysis. Also, a correlation of the
collected anthropometric data with the morphometry of the
available TKA implant would be ideal in revealing the mismatch
based on the ethnicity and gender.

5. Summary

Indian patients are generally smaller and hence require
availability of smaller size implants than currently available. This

study also showed other important facts like smaller aspect ratio
and a negatively correlated AR with respect to the length and
subsequently height of the patient. A correlation between length of
femur and aspect ratio (positive for females and negative for
males) supports the need for gender specific knee implants. This
study thus provides a basis for a larger study on dry bone Indian
femurs and the need for development of specific implants and also
with gender variations.

Conflicts of interest

The authors have none to declare.

References

1. Ho WP, Cheng CK, Liau JJ. Morphometrical measurements of resected surface of
femurs in Chinese knees: correlation to the sizing of current femoral implants.
Knee. 2006;13(January (1)):12-14.

2. Urabe K, Miura H, Kuwano T, et al. Comparison between the shape of resected
femoral sections and femoral prostheses used in total knee arthroplasty in Japa-
nese patients: simulation using three-dimensional computed tomography. J Knee
Surg. 2003;16(January (1)):27-33.

3. Vaidya SV, Ranawat CS, Aroojis A, Laud NS. Anthropometric measurements to
design total knee prostheses for the Indian population. J Arthroplasty. 2000;15(Jan-
uary (1)):79-85.

4. Hoaglund FT, Low WD. Anatomy of the femoral neck and head with comparative
data from Caucasians and Hong Kong Chinese. Clin Orthop Relat Res. 1980;(October
(152)):10-16.

5. Ranawat CS. The patellofemoral joint in total condylar knee arthroplasty. Clin

Orthop Relat Res. 1986;(April (205)):93-99.

. Krackow KA. The Technique of Total Knee Arthroplasty. St Louis: CV Mosby; 1990.

. Mahoney OM, Kinsey T. Overhang of the femoral component in total knee

arthroplasty: risk factors and clinical consequences. | Bone Jt Surg Am.

2010;92:1115-1121.

8. Yau WP, Chiu KY, Tang WM, Ng TP. Coronal bowing of the femur and tibia in
Chinese: its incidence and effects on total knee arthroplasty planning. J Orthop Surg
(Hong Kong). 2007;15(April (1)):32-36.

9. Harma A, Germen B, Karakas HM, Elmali N, Inan M. The comparison of femoral
curves and curves of contemporary intramedullary nails. Surg Radiol Anat.
2005;27(December (6)):502-506.

10. Yue 10.B, Kartik MV, Songtao A, Tingting T, Harry ER, Guoan L. Differences of knee
anthropometry between Chinese and White men and women. J Arthroplasty.
2011;26(January (1)):124-130.

11. Berger RA, Rubash HE, Seel M], Thompson WH, Crossett LS. Determining the
rotational alignment of the femoral component in total knee arthroplasty using
the epicondylar axis. Clin Orthop Relat Res. 1993;(January (286)):40-47.

12. Mensch ]S, Amstutz HC. Knee morphology as a guide to knee replacement. Clin
Orthop Relat Res. 1975;(October (112)):231-241.

13. Cheng FB, Ji XF, Lai Y, et al. Three dimensional morphometry of the knee to
design the total knee arthroplasty for Chinese population. Knee. 2009;16:
341-347.

N



96

14.

15.

16.

17.

18.

A.K. Sambharia et al./Journal of Arthroscopy and Joint Surgery 3 (2016) 92-96

Hussain F, Kadir MRA, Zulkifly AH, et al. Anthropometric measurements of the
human distal femur: a study of the adult Malay population. Biomed Res Int.
2013;2013:175056. http://dx.doi.org/10.1155/2013/175056.

Kwak DS, Surendran S, Pengatteeri YH, et al. Morphometry of the proximal tibia to
design the tibial component of total knee arthroplasty for the Korean population.
Knee. 2007;14(August (4)):295-300.

Shah D, Ghyar R, Ravi B, Hegde C, Shetty V. Morphological measurements of knee
joints in Indian Population: comparison to current knee prostheses. Open J Rheu-
matol Autoimmune Dis. 2014;4:75-85.

Singh SP, Singh S. A study of anterior femoral curvature in Indian subjects. Acta
Anat (Basel). 1972;83:416-425.

Tang WM, Chiu KY, Kwan MFY, Ng TP, Yau WP. Sagittal bowing of the distal femur
in Chinese patients who require total knee arthroplasty. ] Orthop Res. 2005;23(Jan-
uary (1)):41-45.

19.

20.

21.

22.

Yehyawi TM, Callaghan JJ, Pedersen DR, O'Rourke MR, Liu SS. Variances in sagittal
femoral shaft bowing in patients undergoing TKA. Clin Orthop Relat Res.
2007;464(November):99-104.

Mullaji AB, Marawar SV, Mittal V. A comparison of coronal plane axial femoral
relationships in Asian patients with varus osteoarthritic knees and healthy knees. ]
Arthroplasty. 2009;24(September (6)):861-867.

Lim HC, Bae JH, Yoon JY, Kim SJ, Kim ]G, Lee JM. Gender differences of the
morphology of the distal femur and proximal tibia in a Korean population. Knee.
2013;20(January (1)):26-30.

Ha CW, Na SE. The correctness of fit of current total knee prostheses compared with
intra-operative anthropometric measurements in Korean knees. J Bone Jt Surg Br.
2012;94:638-641.



Journal of Arthroscopy and Joint Surgery 3 (2016) 97-101

Contents lists available at ScienceDirect

Journal of Arthroscopy and Joint Surgery

journal homepage: www.elsevier.com/locate/jajs

Research paper

Inter-rater reliability of common quantitative knee X-ray parameters
in the Indian scenario

@ CrossMark

Tvisha K. Parikh #*, K.A. Thiagarajan ?, P. Suresh 3, R. Prabhu Radhan ®, Prashanth Jawahar?,
S. Arumugam *®

2 Department of Arthroscopy and Sports Medicine, Sri Ramachandra University, Porur, Chennai 600116, India
b Department of Radiology, Sri Ramachandra University, Porur, Chennai 600116, India

ARTICLE INFO ABSTRACT

Article history:

Received 27 April 2016

Accepted 26 October 2016
Available online 5 November 2016

Purpose: The reliability of knee radiograph measurements is an important factor to consider for these
measurements to be a useful tool in patient evaluation. Inter-rater reliability of the common knee
radiograph measurements like patellar height and sulcus angle has never been established among
observers of varied expertise in the Indian setting. Research has established that ethnic differences exist
in knee morphology among different races and deep squatters like Indians have different knee anatomy.
Globally, there is very limited published literature evaluating reliability of sulcus angle measurement on
X-rays.
Aim: We performed a study to evaluate the inter-rater reliability of 3 patellar height indices and sulcus
angle in the Indian scenario among observers of varied expertise.
Method: The participants were males and females between 18 and 54 years, both, with anterior knee
pain and without any knee complaints. Three independent observers from Sports Medicine, Orthopaedic
Surgery and Radiology assessed 148 radiographs including 74 lateral and 74 axial views from
74 participants. All the measurements were analysed for Intraclass Correlation Coefficient (2,1).
Results: All patellar height indices had moderate to good reliability. Insall Salvati index (ICC 0.74) and
Caton Deschamp index (ICC 0.74) had better reliability among our observers than Blackburne Peel index
(ICC 0.67). Sulcus angle had an excellent reliability (ICC 0.92) in our study.
Conclusion: In the Indian scenario, there is an excellent inter-rater reliability for sulcus angle and
moderate to good reliability for Insall-Salvati index, Caton-Deschamp index and Blackburne-Peel index,
in that order, among 3 independent raters of varied expertise.
© 2016 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of International Society for
Knowledge for Surgeons on Arthroscopy and Arthroplasty.
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For a measurement to be useful, the measurement itself has to be
evaluated. An essential feature of any measurement is whether it is
reliable or not. Since these X-ray measurements are subjective, the
inter-rater reliability of these measurements needs to be evaluated.

Some authors have assessed the inter-rater reliability of
measurement of patella height>~'? and sulcus angle®” in the past.
A meta-analysis in 2011 had concluded that the evidence for this

1. Introduction

Plain knee radiographs continue to be the initial investigation of
choice for evaluation for many knee pathologies. Measurement of
patella height and sulcus angle have been traditionally described on
X-rays.! These measures help diagnose conditions such as patella
alta and wide sulcus angle which are implicated in many lower limb

and knee pathologies; for example, anterior knee pain and
patellofemoral instability.>> Many management decisions and
surgical procedures are guided by these measurement values.*

Abbreviations: AKP, anterior knee pain; ISI, Insall Salvati index; CDI, Caton
Deschamp index; BPI, Blackburne Peel index; ICC, Intraclass Correlation Coefficient.

* Corresponding author.
E-mail address: drtvisha@gmail.com (T.K. Parikh).

http://dx.doi.org/10.1016/j.jajs.2016.10.002

inter-rater reliability is limited mainly due to small sample sizes
and inadequate information on observer’s experience or training.'>
Recent studies have had larger sample sizes>~12 but many of them
do not mention the description of the observers.®1%!! The study by
Smith et al® in a large sample suggested that clinical experience of
the observers could influence the results reported. However,
previous research by Remy et al. has suggested that there is no
influence of the observer’s experience.'*

2214-9635/© 2016 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty.
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In the Indian context, where University hospitals experience
large volume of outpatients, doctors with varied expertise do the
initial X-ray evaluation. In view of this, it is important to know the
inter rater reliability of these X-ray measurements among
observers of different expertise in this Indian setting. Besides,
research has positively established that ethnic differences do exist
in the knee morphology and patellar height among the different
races.'> 7 Importantly, literature suggests that deep squatters like
Indians have different tibial and patellar anatomy which makes it
difficult to identify certain bony landmarks in them.'® Conse-
quently, this is suggested to affect certain X-ray measurements like
Blackburne Peel index in Indians.!® On the basis of the above
factors, it is imperative to know the inter-reliability of measure-
ments in Indian population and among Indian observers of varied
expertise rather than directly inferring it from foreign literature.
However, to our knowledge, no study has assessed the inter-rater
reliability of these parameters in the Indian context.

The aim of our research was to study the inter-rater reliability of
3 common patella height indices and sulcus angle in an Indian
University hospital, among 3 doctors with varied expertise.

2. Materials and methods
2.1. Participants

One hundred and forty eight knee X-rays from 74 participants
were included in this study. Each participant underwent one
lateral and one axial X-ray each. The participants were part of a
larger case control study on Anterior Knee Pain (AKP) conducted at
a University hospital in India. Participants underwent knee X-rays
as part of that primary study. Ethical approval for the same was
obtained from the Institutional Ethics committee. Participants
included both, cases with a diagnosis of AKP and controls without
any knee complaints. Out of the 74 participants included in this
study, there were 37 AKP patients and 37 pain free controls. The
cases were patients diagnosed with ‘Anterior Knee Pain’ in the
outpatient department of Arthroscopy and Sports Medicine and
department of Orthopaedics of the same hospital. Age and sex
matched controls were chosen from other patients, from
attendants of patients and from University staff and students,
all of whom did not have any current or past lower limb complaints
in 2 years. Both males and females of ages 18-54 years were
included in this study. The exclusion criteria for participants were:

. Pregnancy

. General illness

. Inability to lie on one side for testing

. Symptoms and signs of knee ligament or meniscal injury

Tibiofemoral osteoarthritis

. Past knee surgery or knee trauma

. Medial patellofemoral ligament tear

. Patellar subluxation

. Current significant pathology affecting other lower extremity
joints

. Specific AKP diagnosis like patellar tendinitis, Osgood Schlatter

Disease, Hoffa’s fat pad syndrome, etc.

LN AWN =

—_
o

2.2. Image acquisition

All participants were explained the nature of the study and an
informed consent was obtained from each participant. The painful
knee of AKP patients was X-rayed. Either the right or left knee of
the pain free control participants was X-rayed depending upon
their matched case’s complaint knee in accordance with the
primary study.

The computed knee radiographs were obtained using a single
standard machine (HF 400 mA, GE Healthcare, Milwaukee, WI,
USA) for all participants. Lateral radiographs were obtained in 30°
knee flexion to obtain a true lateral image. Axial images were taken
in the Laurin’s view position at 20° knee flexion. The principal
investigator was present during all radiographs to ensure
uniformity in the radiography procedure. A senior radiographer
performed the X-rays in the presence of the principal investigator.
A single Gollehon Extendable Goniometer with 1° increments
(Model 01135 Lafayette Instrument Company, USA) was used to
ensure the stated flexion angles in both positions and in all
participants. The goniometer was placed at the knee with the
anatomical reference of the lateral femoral epicondyle, greater
trochanter and lateral malleolus to measure the knee flexion. As
part of the primary study, antero-posterior view of the knee was
also taken to rule out any other bony abnormalities. Positioning of
the participants and capture of all the 3 X-rays together took about
10-15 min per participant.

2.3. Observers and X-ray assessment

The 3 observers were the principal investigator who is a Sports
Physician with 4 years experience after post graduation, an
Orthopaedic Surgeon with 2 years experience after post graduation
and a Musculoskeletal Radiologist with 8 years of experience after
post graduation. Each observer independently made 3 measure-
ments on the lateral X-ray and 1 measurement on the axial X-ray.
The 3 patellar height measures - Insall Salvati index (ISI), Caton
Deschamp index (CDI) and Blackburne Peel index (BPI) were made
on the lateral image and the sulcus angle was made on the axial
image. All observers were provided with a brief document
outlining the method of assessing each measurement with images
as shown in Table 1. All observers entered their values in separate
data entry sheets prepared for this study. Whereas the time taken
for these measurements was not specifically noted, it took
approximately 10 min per participant. Each observer was blinded
to the measurements taken by the other 2 observers and also
blinded to whether the participant had complaints or was painfree.
The Physician and the Surgeon used a standard hand held ruler and
X-ray goniometer (Saehan SH5106) for all measurements on
physical prints of the digital images, and the Radiologist made
measurements on the digital images using the inbuilt scales of the
software - Medsynapse. Since clinicians and radiologists routinely
adopt these respective techniques for measurements, this method
was chosen to replicate the practical situation.

2.4. Statistical analysis

All the data was collated on a spreadsheet (Excel 2007,
Microsoft, Seattle, WA, USA). Desccriptive analysis was done using
the GraphPad quickcalcs (GraphPad Software, Inc. CA, USA)
software online. Intraclass Correlation Coefficient (ICC 2,1) was
chosen to compute the inter-rater reliability of the data since they
were continuous variables. Reliability was assessed between all
3 observers. The ICC (2,1) value with 95% confidence interval was
reported for all the measurements. MedCalc software (version
15.11.0, Ostend, Belgium) was used for statistical analysis.

3. Results

41 males and 33 females were included in the study. The
demographic details of the participants are in Tables 2 and 3.

The Intraclass Correlation Coefficients (ICC) and 95% confidence
interval for all the measurements are reported in Table 4. For ICC,
reliability is defined as good or excellent (>0.75), moderate (0.5-
0.75), acceptable (>0.6) and poor (<0.5).1%12:21:22 Tg be useful, ICC
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Table 1
Method of measuring each parameter.'%2°
Insall-Salvati index Caton-Deschamp index
Length of patellar tendon (LT) Distance between the inferior edge
Length of patella (LP) of Patellar Articular Surface (PAS)
Ratio=LT:LP to the anterosuperior angle of
tibial plateau (AT)
Length of PAS (AP)
Ratio: AT:AP
Blackburne Peel index Sulcus angle
A horizontal line projected anteriorly ABC is the angle formed by 2 lines
from tibial plateau. drawn from the deepest point of C

Height from this line to inferior
edge of PAS (A)

Length of PAS (B)

Ratio=A:B

the trochlear groove to the
highest point on the medial and A
lateral femoral condyles

should be 0.6 or more.?> The inter-rater reliability among the
3 observers was moderate to good for all the patella height
measurements. However, the ICC was higher for the ISI (0.74) and
CDI (0.74) than BPI (0.67). The ICC for sulcus angle was excellent at
0.92 among all 3 observers and between each pair with narrow
confidence interval.

Table 2
Gender distribution among the participants.
Patients Controls
Male Female Male Female
20 17 21 16
37 37
Table 3
Average age of participants.
Patients Controls
Male Female Male Female
Mean age years (SD) 33.3(10) 32.6 (8) 32.2 (8.6) 32.6 (11.1)
Median age years 33 33 32 30.5

Table 4

4. Discussion

This study indicates that the inter-rater reliability for the
commonly measured patella height indices - ISI, CDI and BPI is
moderate to good and that for sulcus angle is excellent among the
3 observers of varied expertise in the Indian scenario. To our
knowledge, this is the first time a study has been conducted in the
Indian scenario and this is one of the few such studies worldwide in
a large sample size. All the earlier studies®>>~#19-12 which have
researched the inter-rater reliability of these indices except one®
have been in the western setting in Europe and United States of
America with many of them being lesser powered studies.
Moreover many of the earlier studies assessed the reliability
between 2 observers only®81%1T and many did not mention the
description of the observers between whom the reliability was
assessed.6-810.11

Our study was planned with a larger sample and 3 observers
with varied expertise. Our study concluded that the patella height
indices had moderate to good inter-rater reliability similar to the
earlier reliability studies, but there was a difference compared to
some of the previous studies in the most reliable index for patellar
height. Our study reported a higher ICC for ISI (0.74) and CDI (0.74)
than BPI (0.67). A very recent study by Duijvenbode et al. published
in 2016 found the highest inter-rater reliability for ISI but the least

Intraclass Correlation Coefficients (ICC) and 95% confidence interval for all the measurements.

Insall Salvati index

Caton Deschamp index

Blackburne Peel index Sulcus angle

ICC - single measures 0.74 0.74
95% CI 0.65-0.81

0.64-0.82

0.67 0.92
0.57-0.77 0.89-0.95

ICC, Intraclass Correlation Coefficient; For ICC, reliability is defined as good or excellent (>0.75), moderate (0.5-0.75), acceptable (>0.6) and poor (<0.5).
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for CDL!? Retrospective nature of their study with no strict
standardisation of procedure for lateral X-rays might be a reason
for a low reliability of CDI. Previous studies by Chareancholvanich
et al. and Nizic et al. also reported highest reliability with ISI and
least with CDL.>!! However, the reliability values between the
indices in the study by Nizic et al. differed only marginally and
cannot be considered significant. On the other hand, Charean-
cholvanich et al. reported an ICC of 0.969 for ISI and 0.735 for CDI.
Reliability of their study could be influenced by the fact that all
their 3 observers were orthopaedic residents and no musculoskel-
etal radiologist was included like in our study or the study by
Duijvenbode et al.

CDI was reported to have best inter observer reliability in a
study by Aparicio et al.>* However, they studied growing children
unlike our study and the participants of most reliability studies.
Smith et al. also obtained higher reliability for CDI compared to ISI
and BPI in their study between pairs of 5 reviewers.” However, 95%
confidence intervals were consistently wide for all measures in
their study and lesser experienced reviewers had higher errors.
Our results are unlike this study because we obtained narrow 95%
confidence intervals.

BPI most consistently reproduced the patellar height index in
studies by Seil et al. and Berg et al.%” It is to be noted that the
sample sizes in these 2 studies were only 22 knees and 15 patients
respectively. Besides, the description of the observers and their
experience was not mentioned in either of the studies. Even Lee
et al. who reported an excellent reliability for BPI and ISI
(ICC > 0.94), did not describe the profile of both their observers.!°
Our study reported BPI to have the lowest reliability among the
3 common indices. BPI requires that a parallel line be drawn along
the tibial plateau. As discussed previously by Upadhyay et al. and
Kate et al., projecting a line forward from the tibial plateau is
difficult in squatters due to the presence of the quadricipital groove
formed due to pressure of the ligamentum patellae on the upper
end of tibia.'®2> This might have been the cause of a lower BPI
reliability in our study of squatting Indian population.

Similar to the previous studies on inter-rater reliability of
radiographic patellar height indices, our study also concluded
these indices had more than acceptable reliability. However, the
most reliable among the 3 common indices did not concur with all
previous research. Reliability of BPI in this Indian population was
lesser proably due to less clear bony landmarks. Similar to BPI, CDI
also requires precise identification of the proximal joint surface
leading to lesser reliability in some studies where true lateral X-
rays were not insisted upon.'? Similarly, measurement of the ISI
requires the precise location of the patellar tendon and its tibial
attachment limiting its use in certain situations like osteoarthritis.
For example: in osteoarthritis patients, Rogers et al. acknowledged
difficulty of identifying the patellar tendon (ICC for ISI was 0.58).%
We suggest the use of ISI, CDI and BPI in that order for measuring
patellar height in the Indian population we studied - i.e. with
anterior knee pain and normal population without knee com-
plaints.

In our study the inter-rater reliability for sulcus angle was
excellent between the 3 observers. Very few studies have assessed
the reliability of sulcus angle in the past.>® Similar to our study
Davies et al. reported an excellent reliability of ICC -0.92 in their
study.® However, Smith et al. concluded it to have poorer inter-
rater reliability in their study.® Since the sample size of study by
Smith et al. was large, the different study population of patellar
instability patients can be the most probable reason for the
discrepancy. Smith et al. had themselves discussed this discrep-
ancy of variation in study population between their study and the
previous study by Davies et al. The high reliability and narrow 95%
confidence intervals of sulcus angle measurement obtained in our
study in a large sample is conclusive that plain X-ray imaging is a

reliable method for sulcus angle measurement in AKP patients and
normal population in Indian scenario.

5. Conclusion

Our study concluded that there is an excellent inter-rater
reliability for sulcus angle and moderate to good inter rater
reliability for Insall-Salvati index, Caton-Deschamp index and
Blackburne - Peel index among 3 independent raters of varying
expertise. The reliability of ISI and CDI was higher than BPI in this
Indian scenario.

6. Clinical significance and future

This is the first study to report the inter rater reliability of
4 commonly made X-ray measurements in the Indian scenario in a
large Indian population. A lower reliability of the BPI compared to
the ISI in this study could be due to the difficulty in projecting a
horizontal line from the tibial plateau'® in the squatting Indian
population and thus signifying the importance of research in
Indian context. This study is also among the few such inter-rater
reliability studies worldwide with a large number of participants
and with clear description of all 3 observers. It thus addresses the
limitations of previous reliability studies which were highlighted
in an earlier metaanalysis, ultimately adding light to the existing
pool of knowledge. Knowledge of the most reliable patella alta
index in Indians can guide clinicians and radiologists in reporting
as well as for routine clinical use. Also, a high inter rater reliability
of sulcus angle suggests that this X ray measurement can be
reliably made in the scenario described. Whereas this is the 1st
step towards establishing reliability of indices in Indian scenario,
further steps would be to establish construct reliability of these
measurements using Magnetic Resonance Imaging and Computed
Tomography.
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Fracture of distal humerus usually involves capitellum and variable part of trochlea.! Trochlea fracture
also known as Laugier’s fracture, first coined by Laugier in 1853, rarely occurs in isolation. Coronal shear
fracture of trochlea is rare because of deep location within the elbow joint and forces transmitted
through coronoid of ulna are compressive rather than shearing and has no ligament or muscular

We would like to present an isolated displaced coronal shear fracture of trochlea in a young patient
that was treated by open reduction and internal fixation.
© 2016 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of International Society for

Knowledge for Surgeons on Arthroscopy and Arthroplasty.

1. Case report

A 25-year-right-handed man met with motor vehicle accident
and fell down from motorcycle on an outstretched hand and
presented with pain and swelling of right elbow on same day.
Clinical examination revealed swelling and tenderness over medial
aspect of elbow. Movements were painful and restricted.
Neurovascular functions were intact.

2. What is your diagnosis

Radiographs revealed a half moon shaped fragment lying
anterior and proximal to distal humerus in the lateral view (Fig. 1).
In anteroposterior view, the fracture appeared to involve the
trochlea. Computed tomography (CT) revealed fracture trochlea in
coronal plane (Fig. 2). Informed consent was taken and open
reduction and internal fixation done with 4 mm partial threaded
screw through nonarticular surface by medial approach of elbow
(Fig. 3). Postoperative period was uneventful. Early joint mobilisa-
tion was started. Patient was followed up over the time and was
pain free with good range of motion without any instability (Fig. 4).

* Corresponding author at: S-6, Sankey Forest Campus, Opposite to Sadashiva-
nagar Police Station, Sadashivanagar, Bangalore 560012, Karnataka, India.
E-mail addresses: ambareesh999@rediffmail.com (P. Ambareesh),
chandru.hc@gmail.com (C. Chandrashekhar).

http://dx.doi.org/10.1016/j.jajs.2016.08.002

3. Discussion

Osteochondral fracture of distal humerus usually involves
capitellum; similar injuries to trochlea are rare.! Forces transmit-
ted from ulna across trochlea tend to produce compressive force by
its wedging action than a shear. Shearing forces can be generated
during elbow dislocation.? Trochlear fractures are associated with

Fig. 1. Lateral radiograph of elbow joint showing half moon shaped fragment lying
anterior and proximal to diatal humerus - double arc sign.

2214-9635/© 2016 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty.
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Fig. 2. CT showing trochlear fracture in coronal plane.

Fig. 3. Intraoperative photograph showing trochlear fracture fixed with partially
threaded screw after anatomical reduction.

Fig. 4. Postoperative image showing trochlear fracture fixed with partially threaded cancellous screw.

elbow dislocation, capitellar fracture, ligament injuries, radial head
or olecrenon fractures, extra-articular condylar fractures.!*

Mechanism of injury is still uncertain. Worrel attributed the
cause of an isolated trochlear fracture to a force transmitted from
the palm through the ulna and to trochlea following a fall on an
outstretched hand with extended elbow.* These fractures are
difficult to assess on standard radiographs. In lateral view, half
moon shaped fragment can be seen lying anteriorly and proximally
involving the adjacent part of trochlea by double arc sign.!® In AP
view fracture of the trochlear region medial to midline should arise
suspicion of trochlea fracture. Correlation with clinical findings is
essential, when in doubt CT is helpful for delineating the extent
and type of fracture more accurately.

For undisplaced fracture non-operative treatment is recom-
mended. For small fragments, excision and early motion is described,
but this may result in loss of articular surface and concomitant elbow
instability.!> For displaced fracture, anatomical reduction and
internal fixation is essential but these are equally difficult to treat
because of the limited availability of subchondral bone for stable
internal fixation.> Early recognition, anatomical reduction, stable
fixation and early motion reliably restore elbow function.

4. Conclusion

Isolated coronal shear fracture of humeral trochlea is rare and
displaced fractures should be anatomically reduced and internally
fixed. Early mobilisation is essential for good functional outcome.
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