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A�stract

Introduction�� �he� anterior� cruciate� ligament� (ACL�� is� an� important� stabilizing� ligament� of�
the�knee� that� is� fre�uently� injured� in�athletes�and�trauma�victims.��e�aimed� to�evaluate� the�
correlation�between�anthropometric�measurements�of�the�patients�and�their�graft�dimensions.�
�ethodology���his�observational�study�was�conducted�on��0�patients�with�ACL�injury�treated�
by�arthroscopic��uadrupled�hamstring�graft�reconstruction�at�AJ�Institute�of�Medical�Sciences�
and�Research�Centre,�Mangalore�between�May�201��and�April�2018.�Patient�related�data�like�
age,� gender,� side� involved,� symptoms� reported,� anthropometric�measurements,� graft� length�
and�diameter�was�replace�was�with��were’�noted.�Correlation�of�graft�length�and�diameter�with�
age�and�anthropometric�measurements�was�assessed.��esults��Mean�graft�length�of�all�patients�
was�11.�9�1.�1�cms,�and�was�significantly�higher�in�male�as�compared�to�female�patients�(11.82�
�0.��� vs�9.1��1.��,�p�value��0.001�.�Average� graft�diameter�was��.24�0.��� cms� and�was�also�
significantly�larger�among�male�patients�as�compared�to�female�(�.40�0.�9�vs��.�8�0.��,�p�value�
�0.001�.�Graft�length�was�found�to�have�a�significant�inverse�correlation�with�age�of�the�patient�
(r��� -0.�9,�p�value��0.01�,� significant�direct� correlation�with�height� (r���0.�1,�p�value��0.001��
and�weight�(r���0.29,�p�value��0.0���of�the�patients.�Diameter�of�graft�used�was�found�to�have�a�
significant�positive�correlation�with�height�of�the�patients�(r���0.�0,�p�value��0.001�.��onclusions��
Anthropometric� measurements� can� be� used� for� preoperative� planning� and� to� help� counsel�
patients�on�appropriate�graft�choices�prior�to�surgery.

Ke�words��Anterior�cruciate�ligament��ACL�reconstruction��Hamstrings��Anthropometry

�ntroduction

�he� anterior� cruciate� ligament� (ACL�� is� an�
important� stabilizing� ligament� of� the� knee� that� is�

fre�uently� injured� in�athletes�and�trauma�victims.�
ACL�injuries�can�occur�by�a�variety�of�mechanisms,�

including� both� high-energy� (eg,� motor� vehicle�

collision�� and� low-energy� (ie,� noncontact� ��eld�

sports�.� Low-energy� injuries� may� involve� contact�
(eg,�blow�to�the�lateral�knee�,�but�non�contact�injuries�

are� more� common,� accounting� for� appro�imately�
�0�� of� ACL� tears� �1�.� Appropriate� treatment� for�
an�ACL�injury�depends�upon�the�e�tent�of�injury,�
patient�characteristics�and�activities,�and�available�
resources.� ACL� reconstruction� is� generally�
performed�with�arthroscopy�using�a�graft�to�replace�
the�ruptured�ACL.�Graft�selection�remains�a�source�
of� debate� among� orthopedic� surgeons.� �he� three�
most�common�grafts�are�the�patellar�tendon�graft,�
the�hamstring� tendon�graft,� and� the�allograft� and�
each�has� its� advantages� and�disadvantages.�Graft�
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length�and�diameter�have�been�shown�to�affect�the�
failure� rates� and� overall� functional� outcome� �2�,�
however,� it� can�be� challenging� for� the� surgeon� to�
predict�the�size�of�these�grafts�prior�to�harvest.��ith�
pre-operative� planning� for� ACL� reconstruction,�
graft� with� ade�uate� size� can� be� harvested,� or�
alternative�graft�options�can�be�e�plored.��e�aimed�
to�evaluate�the�correlation�between�anthropometric�
measurements�of�the�patients�and�graft�dimensions.

Methodolog�

�tudy�design�and�sampling

�his� observational� study� was� conducted� on�
patients�with� ACL� injury� treated� by� arthroscopic�
reconstruction� at� AJ� Institute� of�Medical� Sciences�
and� Research� Centre,� Mangalore.� Reconstruction�
was� done� by� trans-portal� techni�ue� (anatomical��
by�a�single�surgeon�using�a��uadrupled�hamstring�
graft.� Fifty� consecutive� cases� operated� between�
May� 201�� and� April� 2018� were� included� in� the�
study.�Cases�with�bony�avulsion�of�ACL,�arthritic�
knee,�associated�ligament�injuries,�cartilage�lesions,�
intra-articular� fractures,� and� pediatric� cases� were�
e�cluded� from� the� study.� �he� diagnosis� of� ACL�
injury� was� made� clinically� by� consultants� using�
Lachman,�Anterior�Drawer�and�Pivot�shift�tests�and�
were�con��rmed�with�magnetic�resonance�imaging.�
�he�study�was�approved�by�the�institutional�ethics�
committee.� Patients� were� e�plained� the� purpose�
of�the�study�and�an�informed�written�consent�was�
obtained.�

Operati�e�technique

For�majority�of�patients,�general�anesthesia�was�
preferred�as�it�allows�for�ade�uate� joint�e�posure,�
complete�muscle�rela�ation�and�tourni�uet�pain�is�
more� common�under�general� anesthesia� (��������
is�minimal,� but� the� choice� depended� on� patients’�
general�condition�and�the�preference�of�the�patient,�
surgeon� and� anesthesiologist.� In� all� our� patients,�
arthroscopic� ACL� repair� was� obtained� through�
the� accessory� anteromedial� portal� techni�ue�
(anatomical�reconstruction�.�Anterolateral�portal�is�
the�standard�viewing�portal�where�the�arthroscope�
was� ��rst� inserted� and� is� usually� located� in� the�
palpable� lateral� �soft� spot’,� appro�imately� 1.�� cm�
above�the�lateral�joint�line�and�adjacent�to�the�lateral�
margin�of�the�patellar�tendon.�Remnants�of�the�torn�
ACL�were�carefully�inspected�and�an�attempt�was�
made�to�preserve�large�tibial�stumps�and�ACL���bers�
with�intact�connections�from�the�tibia�to�the�femur.�
After�selecting�and�con��rming�the�desired�location�

for� the� ACL� femoral� tunnel,� a� microfracture� awl�
was� used� to� mark� the� location� along� the� lateral�
wall� of� the� intercondylar� notch.� In� our� study,� an�
endobutton�was�used�for�the�femoral����ation�in�all�
cases.�First�we�used�a�4�mm�drill�Bit�to�drill�a�tunnel�
through� the� lateral� femoral� corte�.� �he� depth� of�
drilling�was�calculated�by�deducting�the�preferred�
endobutton�length�from�the�initial�tunnel�length�and�
then�adding�10�mm��re�uired�for�the�endobutton�to�
��ip.��hile�viewing�through�the�anteromedial�and�

anterolateral�portal,�ACL�tip�aimer�jig�was�inserted�
at� a� ���� angle� through� the� anteromedial� portal�
into�the�knee�joint.�In�all�we�used�a�single�bundle,�
�uadrupled� hamstring� graft.� An� obli�ue� incision�

was�placed�over�the�medial�border�of�the�pro�imal�
tibia,�about�one�centimeter�above�the��pes�anserius’.�
�he� Sartorius� fascia� was� split� transversely� and�
the� semitendinosus� and� gracialis� tendons� were�
identi��ed.��hese�tendons�were�then�separated�from�
its�tibial�attachment�with�a��11�blade.�Using�a�tendon�
stripper,� they� were� then� harvested.� �he� tendons�
were�then�cleared�off�their�muscle���bres�and�then�
fastened�together�with��whip-stich’�sutures�using�2�
ethybond.��he�prepared�graft�was�then�mounted�on�
a�graft�preparation�board�and�pre-tensioned.�Using�
an�arthroscopic�probe�or�grasper,�we�retrieved�the�
suture�loop�that�was�left�in�the�ACL�femoral�tunnel�
and�pulled�the�suture�out�of�the�knee�joint�through�
the�tibial�tunnel.��he�endobutton�was�then���ipped�
and�tension�was�applied�to�the�free�end�of�the�graft.�
�he� knee� was� then� completely� e�tended� and� the�
free�end�of�the�graft�was�attached�to�the�pro�imal�

medial�tibia�with�the�help�of��U’�staple.

�ata��ollection�and��ata�Analysis

Patients� were� encouraged� to� walk� from� the�
ne�t�day�and�active�straight�leg�raises,�active�knee�

curls� against� the� resistance,� isometric� e�ercise� of�
�uadriceps�and�active�knee�bending�was�initiated.�
Using�a�predesigned�semi-structured�form�patient�
related�data�were�collected.�Demographic�data�like�
age�and�gender,�side�involved,�symptoms�reported,�
anthropometric�measurements�were� noted� for� all�
patients.��he�graft�diameter�was�measured�using�the�
ACL� reconstruction� graft� diameter� measurement�
guides�(Smith�and�Nephew,�Andover,�USA�,�with�
increments�of� 0.��mm.�Graft� length� and�diameter�
was� noted� and� gender� speci��c� differences� were�
analysed.�Correlation�of�graft�length�and�diameter�
with� age� and� anthropometric� measurements� was�
assessed.� �he� statistical� analysis� was� done� with�
SPSS�Version�18.0�(SPSS�Inc,�USA��and�p�value�less�
than�0.0��was�taken�as�statistically�signi��cant.
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�esults

�able� 1� describes� the� distribution� of� patients�

according� to� their� demographic� and� clinical�
characteristics.�Forty-si��percent�of�all�patients�were�

from�21�to��0�years�age�group��84��were�males.�Left�
side�was� involved� in�appro�imately� two� thirds�of�

all� patients.� Instability� of� knee� was� reported� by�

three�fourths�of�all�patients.�Mean�height�of�patients�

was� 1.���meters,�weight�was��2.98� kgs� and�mean�
body� mass� inde�� was� 2�.�9� kg/m2.� Mean� graft�

length�of�all�patients�was�11.�9�1.�1�cms,�and�was�
signi��cantly�longer�in�male�as�compared�to�female�

patients� (11.82�0.��� vs� 9.1��1.��,� p� value� �0.001�.�
Average�graft�diameter�was��.24�0.���cms�and�was�

also� signi��cantly� larger� among� male� patients� as�
compared�to�female�(�.40��0.�9�vs��.�8�0.��,�p�value�

�0.001�.�Graft�length�was�found�to�have�a�signi��cant�

inverse�correlation�with�age�of�the�patient�(r���-0.�9,�

p� value� �0.01�,� signi��cant� direct� correlation�with�

height� (r� �� 0.�1,� p� value� �0.001�� and�weight� (r� ��
0.29,�p�value��0.0���of�the�patients.�Graft�length�was�
also�found�to�have�an�inverse�correlation�with�body�
mass� inde�� but� it�was� not� statistically� signi��cant�
(�able���.�Diameter�of�graft�used�was�found�to�have�
a�signi��cant�positive�correlation�with�height�of�the�
patients�(r���0.�0,�p�value��0.001�.�Age,�weight�and�
body�mass�inde��were�not�correlated�with�the�graft�
diameter.

Discussion

Hamstring�grafts�are�preferred�by�many�surgeons�
due� to� low�morbidity� of� the�donor� site� and�good�
cosmetic�results����.�However,�graft�failure�may�occur�
if�the�diameter�of�the�graft�is�small�and�poor�clinical�
outcome�scores�have�been�reported�especially�using�
grafts�less�than�8�mm�in�diameter��4�.��he�present�
study�was� done� to� understand� the� correlation� of�
patient’s�anthropometric�measurements�with�graft�

Ta�le����Distribution�of�patients�according�to�their�demographic�and�clinical�characteristics

�aria�les n����

Age�distribution

Less�than�20�years 0��(21��

21�to��0�years 2��(4���

More�than��0�years 21�(42��

�ender�distribution

Females 08�(1���

Males 42�(84��

�ide�in�ol�ed

Left �2�(�4��

Right 18�(����

�ymptoms�reported�by�patients

Pain�in�knee 1��(2���

Instability�of�knee ���(�4��

Anthropometry�

Height�(in�meters� 1.�����0.08�

�eight�(in�kilograms� �2.98���11.��

Body�mass�Inde��(kg/m2� 2�.�9���4.�2

All�number�are�numbers�(���or�mean���standard�deviation

Ta�le����Graft�length�and�diameter�of�the�patients�included�in�the�study

�raft�length �raft�diameter

Mean���SD p��alue Mean���SD p��alue

All�patients�(in�cm� 11.�9���1.�1 �.24���0.��

Females 9.1����1.�� �0.001 �.�8���0.�� �0.001

Males 11.82���0.�� �.40���0.�9

Ta�le����Correlation�of�graft�length�and�diameter�with�patient�related�variables

Patient��aria�les �raft�length �raft�diameter

Correlation�coefficient p��alue Correlation�coefficient p��alue

Age -0.�9 �0.01 -0.21 0.14

Height 0.�1 �0.001 0.�0 �0.001

�eight 0.29 �0.0� 0.09 0.�1

Body�mass�inde� -0.1� 0.2� 0.22 0.11
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length�and�diameter� in�ACL� injury�reconstruction�

surgery.�Previous�authors�have�found�a�signi��cant�

association� between� gender� of� the� patient� with�

hamstring� graft� length.� �ie� et� al.� described� that�

women�had�signi��cantly�shorter�hamstring�tendons�

than�men�����and��reme�et�al.�found�that�women�had�

signi��cantly�smaller�and�shorter�grafts�compared�to�

men� ���.�Concurring�with� these� results,�our� study�

also� found� gender� to� be� signi��cantly� correlated�

with� the� length� and� diameter� of� semitendinosus�

and�gracilis� tendon.��he�present�study�also� found�

a� strong� positive� correlation� of� the� �uadrupled�

hamstring�graft�length�and�diameter�with�patient’s�

height.� Janssen� et� al.� demonstrated� that� among�

the� anthropometric� measures,� the� patients� height�

was�more�important� in�predicting�the��uadrupled�

hamstring� graft� dimensions� ���.� Chiang� et� al.�

studied�a�group�of�100�Chinese�patients�and�found�

a�signi��cant�correlation�between�height�and�length�

of� both� semitendinosus�and�gracilis� tendons�after�

multiple� linear� regression� analysis� �8�.� �his� is�

similar� to� the� results�of�a�study�by�Boisvert�et�al.,�

who� found� correlation� between� height� and� graft�

diameter��9�.

Graft� diameter� has� been� shown� to� affect� ��nal�

clinical� outcomes� in� patients.� Signi��cantly� higher�

graft� failures� were� noted� by� Park� et� alwith� graft�

diameter� less� than� 8� mm� �10�.� �e� found� the�

graft� diameter� to� be� signi��cantly� larger� in� males�

and� correlated� with� height� of� the� patients� alone.�

Similarly,� Ma� et� al.� found� positive� correlation�

between�height�and�graft�diameter�in�a�multivariate�

regression�analysis�and�that�men�had�signi��cantly�

larger� grafts� than� women� �11�.� In� contrast,�

correlation�between�graft�diameter�and�body�weight�

and�leg�length�has�been�described�by�Schwartzberg�

et�al.��12��Variations�in�study�population�se��ratio,�

ethnicity� and� sample� size� might� e�plain� these�

difference�in�results.

�here�are�a�few�limitations�of�this�study.�Firstly,�

though� the� anthropometric� measurements� were�

performed� by� the� same� investigator,� removing�

inter-observer� bias,� percent� of� body� fat� and� lean�

body� mass� were� not� assessed,� which� are� more�

speci��c� measurements.� Secondly,� we� did� not�

assessthe�clinical�outcomes�after�the�reconstruction�

procedures.� Lastly,� surgeon� speci��c� variations�

in� graft� harvesting� techni�ue,� method� of� graft�

stitching�and�tensioning�may�potentially�affect�the�

over� all� length� and� diameter� of� the� graft.� Multi-

centric� studies� utilizing� a� standardized� surgical�

techni�ue�are�needed�in�future.

Conclusion

�e�found�that�female�patients�were�more�prone�
to� have� �uadrupled� hamstring� graft� of� smaller�
dimensions,� irrespective� to� their� height,� weight�
or� body� mass� inde�.� Graft� length� was� found� to�
have� a� signi��cant� correlation�with� patient� height�
and� weight.� Graft� diameter� was� found� to� have�
a� signi��cant� relation� only� to� patient’s� height.�
�hese�measurements�can�be�used�for�preoperative�
planning� and� to� help� counsel� patients� on�
appropriate�graft�choices�prior�to�surgery.
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