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Abstract

Purpose: the aim of  this study was to assess the rela-
tionship of  patient weight, height and body mass
index (BMi) with the size of  the quadrupled ham-
string tendon used in anterior cruciate ligament (ACL)
reconstruction.
Methods: from patient records, we retrospectively
assessed the weight, height, BMi and graft sizes of
126 patients who underwent ACL reconstruction
using a quadrupled hamstring tendon autograft
between January 2010 and January 2013 at our institu-
tion. the data obtained from perioperative measure-
ments were studied using correlation analysis.
Results: statistically significant relationships were
found between patient height and graft diameter (p =
0.033, r = 0.19) and between patient weight and graft
diameter (p < 0.0001, r = 0.33). no statistically signif-
icant relationships were found between graft diameter
and BMi or between graft length and patient height,
weight and BMi (p > 0.05).
Conclusions: patient height and weight were found
to be related to quadrupled hamstring graft diameter
in our patient population. BMi was not related to the
quadrupled hamstring graft size. the exact size of  the

graft cannot be predicted preoperatively on the basis
of  these variables.
Level of  evidence: Level iV, retrospective case series.

Keywords: body mass index, hamstring, tendon size,
anterior cruciate ligament, reconstruction.

Introduction

the anterior cruciate ligament (ACL) is an important
structural component for knee stabilization. Although
it is quite strong, it is vulnerable to several injury
mechanisms, in particular, high-energy tibial torsion
during contact sports (1, 2). the increased practice of
sporting activities has led to an increase in the preva-
lence of  ACL injuries over the past 25 years, and con-
tinual advances in surgical techniques have rendered
arthroscopic ACL reconstruction a common orthope-
dic procedure (3). 
Although patellar tendon autografts are used in this
procedure with great success, hamstring autografts
have recently become more popular; they are pre-
ferred to bone-patella-tendon autografts because of
the lower risk of  donor site morbidity. in addition, it is
widely accepted that four-strand autografts are the
strongest option in ACL reconstruction (4). However,
the variation in graft size from patient to patient is rec-
ognized as one of  the most critical aspects of  this pro-
cedure, and preoperative prediction of  the graft size is
important in the preparation of  the surgery (5). 
therefore, many attempts have been made to develop a
method for hamstring size prediction using several cor-
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relations. our hypothesis is that hamstring graft size
differs with differences in patient height, weight and
body mass index (BMi). in the present study, we
aimed to assess the relationship between these anthro-
pometric parameters and hamstring autograft size.

Methods

After obtaining permission from our institution’s inves-
tigational review board, patients submitted to ACL
reconstruction using a quadrupled (four-strand) ham-
string tendon autograft between January 2010 and
January 2013 were included in this study. All the includ-
ed patients were male military personnel at the time of
the operation. Patients who had previously undergone
knee surgery or had experienced fractures around the
knee were excluded. the weight, height and BMi of
each patient had been recorded preoperatively.
the same graft harvesting procedure was followed in
all the patients. the knees were covered and posi-
tioned in 90° flexion. After palpating and marking the
anatomical landmarks over the knee, a 5-cm oblique
anterior skin incision was performed 1 cm medial and
inferior to the tibial tuberosity over the pes anserinus
insertion site. After reaching the pes anserinus, the
sartorial fascia was incised parallel to the skin inci-
sion. First the gracilis and then the semitendinosus
tendons were removed from their insertion sites by
sharp dissection. Both ends of  the tendon grafts were
stitched using the Krackow technique with non-
absorbable no. 2 sutures. An open tendon stripper
was used to split the proximal musculotendinous
junction. Absorbable no. 3.0 sutures were used to
keep the quadrupled shape stable. Quadrupled graft
lengths were measured using a ruler without applying
any tension (Fig. 1). the graft diameter, defined as
the smallest cylindrical dimension that could pass
through the femoral tunnel, was determined using
sizing cylinders with increments of  1 mm (Fig. 2). in
each patient, the transtibial technique was used, and a
minimum of  25 mm of  the quadrupled graft was
placed within the femoral tunnel. 
the data obtained from the perioperative measure-
ments were analyzed using sPss version 16. the
height, weight and BMi of  the patients were entered
into the sPss program to look for correlations betwe-
en the clinical data and the intraoperatively measured

graft length and diameter. Pearson’s correlation coeffi-
cients were calculated to evaluate any possible associ-
ations between anthropometric characteristics and
intraoperatively measured hamstring graft lengths and
diameters. A p value of  0.05 was considered statistical-
ly significant.

Results

in total, 126 male patients with a mean age of  24.2 ±
4.65 years who underwent ACL reconstruction surgery
were included in this study. the operation was per-
formed on 56 left knees and 70 right knees. the
patients had a mean height of  176.28 ± 5.40 cm and a
mean weight of  77.91 ± 8.13 kg, while their mean BMi
was 25.07 ± 2.28 kg/m2. the mean graft diameter was
8.14 ± 0.61 and the mean graft length was 13.25 ± 1.18.

Figure 1. Graft length measurement with ruler. Intraoperative photo-
graph of quadrupled hamstring tendons (gracilis and semitendi-
nosus tendons).

Figure 2. Graft diameter measurement. Intraoperative photograph of
quadrupled hamstring tendons (gracilis and semitendinosus ten-
dons).
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Figure 3. Statistical graphics of patient height-graft diameter and patient weight-graft diameter. The formula of height and graft diameter y= 13,33.
X+ 66,66. The formula of weight and graft diameter y= 13,33. X- 33,33.

A statistically significant relationship was found
between patient height and graft diameter (p = 0.033, r
= 0.19). similarly, a statistically significant relationship
was found between patient weight and graft diameter
(p < 0.0001, r = 0.33) (Fig. 3). there was no statistical-
ly significant relationship between BMi and graft diam-
eter (p > 0.05), or between any of  the anthropometric
parameters (height, weight and BMi) and graft length
(p > 0.005). 

Discussion

ACL reconstruction with quadrupled hamstring ten-
dons has increased in popularity among orthopedic
surgery procedures (6). Biomechanical studies have
shown that quadrupled hamstring tendon strength
ranges from 4108 n to 4213 n (7). these values are
twice as high as those of  native ACL; thus, these grafts
are more than adequate. Graft diameter and length are
important for proper graft placement and durability.
the diameter of  the hamstring graft varies from
patient to patient, and it is difficult to gauge or predict
its size preoperatively (5). 
several studies have tried to show a relationship
between anthropometric measurements and graft size.
thomas et al. (8) measured these parameters in 121
patients and reported no statistically significant corre-

lation between BMi and tendon size. tuman et al. (9)
reported that hamstring graft diameter is correlated
with patient height, weight, age and sex. they also
stated that height in both genders could be used to
predict the graft diameter; moreover, neither BMi nor
graft length was found to be correlated with graft
length. since our patient group consisted only of
young males, we did not investigate correlations with
age and sex; indeed, these two parameters were our
fixed variables.
Like the above-mentioned studies, we did not find any
correlation between BMi and graft size (diameter and
length). By contrast, Papastergiou et al. (2), evaluating
61 patients who underwent ACL reconstruction,
found a moderate correlation between semitendinosus
and gracilis graft diameter and patient height and
weight. they also reported a correlation with BMi.
Park et al. (10), in a study of  296 patients, found the
strongest correlation between graft diameter and
patient height, while Ma et al. (11), in an extensive
study of  536 male patients, found patient height and
age to be correlated with the tendon diameter and
emphasized that these variables could be used preop-
eratively to predict the tendon length.
Graft diameter is known to differ between the gen-
ders: males tend to have larger grafts than females. in
addition, graft diameter tends to increase with height
in males (12). Çeliktaş et al. (13) studied an all-male
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group and found results similar to ours. the finding of
a relatively higher risk of  small and thin graft size in
females has been shown to be associated with poorer
outcomes (14). While we could not make comparisons
with females, within our population of  healthy male
military personnel, all the grafts were adequate for use
in ACL reconstruction. in some studies, patient height
has been found to correlate with graft length; howev-
er, the relationship between patient height and graft
size remains controversial (2, 8, 10). in our study, we
did not measure the grafts separately. We measured
the quadrupled graft of  the semitendinosus and gra-
cilis together and did not find any significant relation-
ships between graft length and any other variable.
Measuring the grafts together is one of  the weak
points of  our study because it meant that we could not
obtain separate data for the tendons.
some studies advocate the use of  radiological meas-
urements preoperatively, and cross-sectional areas of
the hamstring tendons in MRi studies have shown sig-
nificant correlations with intraoperative graft meas-
urements (15). three-dimensional computed tomog-
raphy (16) and ultrasonography (17) have also been
used to predict graft size. However, these radiological
assessments are weakened by lack of  standardization
of  measurement, intra-observer and inter-observer
variability, and the need for a trained radiologist. 
in this study, we tried to assess relations between
quadrupled hamstring graft size and anthropometric
measurements, and only patient height and weight were
found to show a relationship with graft diameter. Graft
length did not seem to correlate with patient height,
weight or BMi. Moreover, BMi was not found to be
related to graft length or diameter and therefore should
not be used to determine graft size. Although many
studies have found that patient weight and height are
correlated with graft diameter, no single anthropomet-
ric measurement has been found that is adequate for
predicting graft size preoperatively. in future, more
studies combining clinical and radiological data could
be helpful to predict graft size more precisely.
in conclusion, patient height and weight were found
to be correlated to the quadruple hamstring graft
diameter in our patient population. Body mass index
is not an adequate predictor of  quadrupled hamstring
graft size. 
the exact size of  the graft cannot be predicted preop-
eratively on the basis of  these variables.
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