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Abstract
Background: Despite the importance of hamstring tendon autograft, one major disadvantage in applying this technique
in the surgical reconstruction of anterior cruciate ligament is individual variability in the tendon diameter. Hence, the
purpose of the present study was to use anthropometric parameters such as gender, height and body mass index to
predict 4-strand (quadruple) hamstring tendons (gracilis and 2-strand semitendinosus tendons).
Methods: This is a cross-sectional study conducted on all consecutive patients who underwent arthroscopic ACL
reconstruction between 2013 and 2015. The anthropometric variables (age, gender, height, and body mass index)
were recorded. The quadruple hamstring tendon (gracilis and semitendinosus) autografts were measured using sizing
cylinders. The relationship between these parameters was statistically determined using the Pearson Spearman test and
linear regression test.
Results: The mean age of the 178 patients eligible for the study was 29.58±9.93 (118 males and 60 females). The mean
hamstring tendon diameter was 7.8±0.7 mm, the mean for males was 7.9±0.6 and for females 7.89± mm (P=0.0001).
There were significant correlations between the mean hamstring tendon diameter with BMI (Pearson correlation=0.375,
R2=0.380, and P=0.0001), height (Pearson correlation=0.441, R2=0.121, and P=0.0001), and weight (Pearson
correlation=0.528, R2= -0.104 and P=0.0001). However,patient’s age and genderwerenot found to be a predictor of the
size of the hamstring tendon diameter.
Conclusion: Based on findings from this study weight, height, body mass index,and the length of the tendon may be
predictors of the hamstring tendon diameter for anterior cruciate ligamentreconstruction. These findings could be used
in preoperative planning of patients undergoing ACL reconstruction surgery to estimate the size of the graft and select of
the appropriate type of graft.
Keywords: Anterior cruciate ligament, Anthropometric parameters, Body mass index, Hamstring tendon

Introduction
he prevalence of anterior cruciate ligament (ACL)
injuries is increasing as part of the general increase
in sport injuries (1). Anterior cruciate ligament
injury, the most prevalent among the knee ligament
injuries, results in considerable functional disability (2).
There is general consensus on surgical reconstruction of
the ACL tear as the treatment of choice (3-5); however,
the debate is over which surgical technique is more
efficient. In the US alone, there are annually over 100,000
ACL reconstruction surgeries (3). Hamstring autografts
(semitendinosus and gracilis) are the most common
tendons used in the ACL reconstruction (5). One of the
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most important drawbacks in using hamstring autografts
is individual variability in the tendon diameter (5). Little
preoperative information is available for the surgeon to
prepare the allografts and predict the size and length
of the quadrupled semitendinosus and gracilis tendon
autografts prior to the operation (6-8). Although several
studies have reported the average diameter of the
quadrupled semitendinosus to be between 7.7 to 8.5 mm,
clinical experience and Magnetic Resonance Imaging
(MRI) evaluations indicate that hamstring tendon size is
considerably variable between individuals (9-11).
Estimation of the hamstring tendon size could guide
surgeons in preoperative planning for the graft of choice.
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The aim of this study was to finda relationship between
the 4-strand hamstring tendon autograft diameters
(doubled semitendinosus and gracilis tendons) and
anthropometric parameters such as age, gender, height
and body mass index (BMI).

Materials and Methods
In this cross-sectional study all the patients had suffered
an ACL tear at least 1.5 months prior to the study. The
exclusion criteria were: previous history of knee surgery
(excluding diagnostic arthroscopy), injury to the contralateral lower limb, associated ligament injury, chondral
lesions grade III-IV according to the International Cartilage
Repair Society criteria, abnormal knee radiographs, and
symptomatic hip and/or ankle (12).
From March 2013 to March 2015, 178 patients
underwent ACLreconstruction using hamstring tendons.
The study was approved by the Institutional Review
Board (IRB). All the patients were briefed about the aims
of the study and possible complications of arthroscopy
and signed the consent forms prior to enrollment.Age,
gender, height, and BMI for each patient wererecorded.
An anteromedial 2 cm incision was made on the tibia.
The sub-periosteal area over the tendon insertion was
dissected to the tendon insertion point on the tibial
crest to ensure maximum graft length. The tendon was
relegated to its maximum length and then stripped of
the muscle and measured. After dissecting muscle and
vincula tissue, doubled gracilis and semitendinosus
tendons were sutured at the ends using a Krackow suture
with No 5 Ethibond string and its smallest possible
diameter was measured using a cylindrical sizer with a
1mm measurement error. The surgical technique was
the same as described before (13,14). Femoral and tibial
sides were fixated using the Cortico Femoral Ancrage
and MISBIO® Bio-absorbable interference screw (both:
ORTHOMED, St Jeanet, France) respectively.
The gathered data was analyzed using SPSS software
version19 (SPSS Inc., Chicago, IL). Pearson Spearman
test was usedto determine the correlation among
the variables. Predictive values were reported bythe
correlation coefficient(R2).Thet-test was used to compare
the hamstring tendon diameters in both genders. Linear
regression test was used to determine the relationship
between each anthropometric variable and tendon
diameter. A P-value of less than 0.05 was considered to
be statistically significant.
Results
In this study, 178 patients underwent ACL reconstruction
using quadruple hamstring tendon autografts. Of those,
there were 118 males (66.3%) and 60 females (33.7%)
with the mean age of 29.8±9.9years (range: 17-61 years).
The BMI, height and weight means were 24.9±3.5 kg/m2,
174.8±7.8cm and 76.4±12.7 kg respectively.
The mean hamstring tendon diameter was 7.8±0.7mm;
7.9±0.6 for males and 7.1±0.9for females, and the
differences were statistically significant (P=0.0001).
There were no significant differences between the
mean hamstring tendon diameter and patients’ age
(P=0.079). The results of the Pearson correlation test
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indicated that the patient’s age and gender could not
be a predictor of the size of the hamstring tendon
diameter (P=0.442 and P=0.116, respectively). However,
there were significantcorrelations between the
mean hamstring tendon diameter with BMI (Pearson
correlation=0.375, R2=0.380, and P=0.0001), height
(Pearson correlation=0.441, R2=0.121, and P=0.0001)
and weight (Pearson correlation=0.528, R2= -0.104 and
P=0.0001).
Below, we have presented a model for predicting the
hamstring tendon diameter developed according to the
regression analysis that has a predictive value of 36%:
Hamstring tendon diameter = [-17.22+ 0.135 (height in
cm) - 0.11 (weight in kg) + 0.4 (BMI)]

Discussion
The principal finding of the study wasthat in addition to
gender, anthropometric parameters (height, weight and
BMI) can be used as predictors of the hamstring tendon
diameter for ACL reconstruction.
The high prevalence of injuries to the ACL has drawn a
great deal of attention to ACL reconstruction techniques.
However, individual variability in the tendon diameter
and inadequacy of the tendon diameter graft may result in
weakness and inefficiency of the graft and even graft failure
(1, 2, 5). Thus, to prevent such complications, in the present
study, during a one-year period we examined the effects of
anthropometric parameters such as age, gender, height and
BMI in predicting the hamstring tendon diameter in178
patients who underwentsurgical reconstruction of their ACL.
The mean age of the patients in the present study was
29.8±9.9 years. In a study conducted by Tuman (2007) in the
US, there were no significant differences between age levels
and hamstring tendon diameter (P>0.05) (11). The results
of the present study provide more support for these studies
suggesting no significant differences between the age and
hamstring tendon diameter.
In the present study, out of 178 patients, 118 were males
and 60 females. In a study conducted on 536 patients
(302 females and 234 males) in 2009 in the US, significant
difference was found in the hamstring tendon diameter
between males and females (P<0.0047) (5). In another
study in the same year in England, MRI evaluation of the
hamstring tendon diameter of 104 patients also showedthe
same results, which are in agreement with the results of the
present study (15).
The result of this study shows a positive correlation
between height and hamstring tendon diameter, which
provides more evidence for the studies conducted by
Tuman and Wotherspoon(11,15). Our results showed a
positive correlation between mean weight and hamstring
tendon diameter, which is in agreement with a previous
study (11). However, our results provide no evidence for
Ma’s study in 2009 (5), in that, he found no correlation
between the weight and hamstring tendon diameter in
536 patients (P>0.05).
Knee instability and graft failure are two major concerns
of orthopedic surgeons (6-8). Since graft diameter has
a great impact on these unintended consequences,
the ability to predict the tendon diameter based on
anthropometric characteristics can be very helpful for
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orthopedists (16). Measuring height, weight, and BMI are
available with no cost in every clinic and we showed that
they could affect the graft diameter as much as 36%.
There are many studies that have shown the relationship
between the semitendinosus and gracilis tendon diameters
in MRI and prediction of hamstring autograft size (16-17).
Our findings showed that tendon graft prediction using
anthropometrics could favorably help knee surgeons in
the selection between an allograft and autograft without
imposing additional cost of an MRI on patients or the
healthcare system.
It is more likely for the hamstring autograft to provide
an appropriate graft size in taller men rather than shorter
women. In women, light and/or short persons’ other types
of autografts (e.g. bone-patellar tendon-bone) or allografts
could be alternative options.
To facilitate the selection of the appropriate method of
ACL reconstruction, we recommend further studies aimed
at determining predictive parameters and developing
criteria or a framework for a more precise prediction of the
hamstring tendon diameter.
The results of the present study showthat the hamstring
tendon diameter tends to be larger in males and has no
relation with age. Weight, height, BMI and the tendon length
have a positive correlation with the hamstring tendon
diameter and may be considered as its significant predictors.
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