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Objectives: Anterior cruciate ligament (ACL) tear is a common sports injury affecting the knee joint in the Middle East and worldwide. 
Providing an adequate graft is required to prevent revision surgery. This study aims to determine if the body mass index (BMI) can be used as 
a predictor of the hamstring autograft size. Methods: Data of 48 consecutive patients, who underwent ACL reconstruction using quadruple 
hamstring autograft technique  in the same institute by the same surgeon, were retrospectively reviewed. Skeletally immature patients and 
those who underwent revision ACL surgeries were excluded. Patients’ anthropometric measurements were collected. Quantitative data from 
the patients’ charts were included in the descriptive statistics. Results: The mean age of our cohort was 30.3 ± 6.3 years, with a mean height 
of 1.7 ± 7.8 m and a mean weight of 81.3 ± 14.6 kg. Mean BMI was 27.8 ± 5, and mean graft size was 7.8 ± 0.5 mm. Results showed that 
the correlation between the BMI and the autograft size was statistically insignificant. Other variables have no association with the autograft 
size in the linear regression model. Conclusion: Our study showed no correlation between anthropometric measurements and the autograft 
size; therefore, these measurements were not able to determine the diameter of the autograft. Further studies looking into thigh diameter and 
ethnicity and radiological studies with a larger sample size are recommended.
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Abstract

Introduction
Anterior cruciate ligament (ACL) injury is one of the common 
sports injuries in Saudi Arabia. Most of those injuries occur 
in young patients especially at the age of 20 years, with males 
more commonly affected than females.[1] The hamstring graft 
is usually taken from the semitendinosus tendon because it 
is the longest among hamstring tendons.[2] This type of graft 
can be either a double‑striped semitendinosus or gracilis with 
semitendinosus, creating a four‑striped (quadruple) graft that is 
stronger and more stable. The hamstring graft might not be as 
strong as the patellar tendon graft, but it is preferred in Islamic 
countries as it serves the religious needs, such as praying and 
kneeling, which is difficult with the patellar graft due to pain 
and difficulties in kneeling postoperatively.[3‑5] According to the 
literature, the minimum diameter of a successful graft is equal 
to or more than 7 mm in diameter.[6] Knowing the graft diameter 
preoperatively might help the surgeons to predict the success 
and failure of the autograft that will be harvested.[6] Previous 
studies conducted have shown that height, thigh diameter, and 

possibly the body mass index (BMI) can be good predictors 
of the ACL graft size.[6‑9] This study aims to determine if the 
preoperative measurements such as the patient’s height, weight, 
and BMI would have any correlation with  the quadruple 
hamstring graft diameter in the Saudi population.

Materials and Methods
Ethical approval was received from our local medical research 
center, and no consent was needed as there was no direct 
involvement of the patients. A retrospective cohort study of 
48 consecutive patients (47 males; 1 female) who underwent 
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ACL reconstruction using quadruple hamstring autograft 
technique in the same institute by the same surgeon was carried 
out. Skeletally immature patients and those who underwent 
revision ACL surgeries were excluded from the study. Patients’ 
characteristics consisting of gender, age, height, weight, and 
BMI were collected preoperatively.

Surgery
The standard anesthesia technique was implemented on all 
patients. An oblique incision was performed over the proximal 
tibia, where the distal attachments of both semitendinosus 
and gracilis tendons are present. The tendons were harvested 
separately, and then they were cleaned and doubled to form 
the standard quadruple graft. The graft’s diameter was then 
measured using the graft measurement gauge. Afterward, 
the femoral and tibial tunnels were drilled as per the size 
that was obtained. The graft was placed and fixed using the 
EndoButton™ at the femoral side using interference screw 
at the tibial shaft and secured further with soft‑tissue stables.

Statistical analysis
The data were analyzed using the Statistical Package for the 
Social Sciences software version 22 (IBM, New York, USA). 
Quantitative data from the patients’ charts were included in 
descriptive statistics, such as mean, standard deviation, and 
frequencies. Inferential statistics were used to determine the 
outliers with P < 0.05. Regression analysis was utilized to 
examine if the variables were predictors of the hamstring graft 
size. Pearson’s correlation coefficient was used to examine 
the correlation between the anthropometric measures and 
hamstring autograft size. The confidence interval of 95% was 
used to determine if the diameter of the graft is within the 
calculated mean.

Results
Demographic characteristics
The mean of demographic characteristics and anthropometric 
measures of the patients is presented in Table 1. The mean age 
was 30.3 ± 6.3 years, with a mean height of 1.7 ± 7.8 m and a 
mean weight of 81.3 ± 14.6 kg. Mean BMI was 27.1 ± 5, and 
mean graft size was 7.8 ± 0.5 mm [Table 1]. The frequencies of 
graft size are shown in Table 2. Majority of the patients (n = 28 
[58.3%]) had a graft size of 8 mm intraoperatively [Table 2].

Correlation
The correlation between graft size and age, height, weight, 
and BMI was studied. The correlation between graft size 
and BMI was r = 0.018, P = 0.451, that of graft size and age 
was r = −0.100, P = 0.250, that of graft size and height was 
r = 0.123, P = 0.203, and that of graft size and weight was 
r = 0.082, P = 0.291. No significant correlation between graft 
size and other variables was found.

Discussion
This study has shown no significant correlation between 
hamstring autograft diameter and BMI. Other measurements 

such as age, height, and weight also showed no correlation with 
all of the variables (P > 0.05). In contrast to our study, some 
anthropometric measurements, such as BMI, height, and thigh 
diameter, had shown a positive correlation with autograft size 
in other studies in different regions around the world. Stergios 
et al. in a study reviewing 61 patients in Greece reported that 
graft diameter had a moderate correlation with height, weight, 
and BMI.[6] Khashayar et  al., in Iran, reported a positive 
correlation with height, weight, and BMI.[10] Height has shown 
to be a good predictor due to its correlation with graft diameter, 
which is in accordance with both Challa and Satyaprasad. and 
Pereira et al.[11,12] Tuman et al. reviewed 106 patients and found 
a good correlation with some of the anthropometric data, and 
they also found that patients with short stature of 147 cm or 
below tend to have an insufficient graft diameter of <7 mm.[7] 
Other predictors have been included in a study by Treme et al. 
where they found a good correlation with lower‑limb length 
and thigh circumference.[13] In a study of correlation with 
physical activity and fitness level by Treme et al. and Pichler 
et al., the authors found correlation neither with the length nor 
with the diameter of the flexor tendons.[13,14] According to the 
literature review, the minimum diameter of a successful graft 
is to be equal or more than 7 mm, and the failure rate rises 
with smaller graft, as a graft size of 8.5 mm has shown higher 
success rate.[6,9,15] The hypothesis of predicting the graft size 
with BMI in order to prevent having a nonsuccessful graft 
cannot be supported by our study. We found that the majority of 
patients had a graft size diameter of 8 mm, and they accounted 
for 58.3% of the study population. Outliers in graft diameter 
of size 9 mm and 7 mm were appreciated. All the population 
had a graft size of 7 mm and above that is believed to be the 
cut point to a successful graft size. The graft diameter and 

Table 1: Demographic characteristics and anthropometric 
measures

Minimum Maximum Mean±SD P
Graft size (mm) 7.00 9.00 7.79±0.47
Age (years) 18 47 30.31±6.27 0.25
Height (cm) 152 193 1.71±7.76 0.23
Weight (kg) 53.30 124.20 81.32±14.65 0.29
BMI 18.40 42.50 27.81±4.98 0.45
*Table showing descriptive measures of the population, with P value 
of variables in correlation with graft size, BMI: Body mass index, SD: 
Standard deviation

Table 2: Frequencies of graft size

n (%)
Size 7 8 (16.7)
Size 7.5 9 (18.8)
Size 8 28 (58.3)
Size 8.5 1 (2.1)
Size 9 2 (4.2)
Total 48 (100.0)
*Table showing frequencies and percentage of graft size in mm
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length have been the focus in the surgical techniques used in 
the reconstructive surgeries. However, the contractility element 
and whether that plays a role in the success and failure of the 
grafts has not been studied well. Hamner et al. studied the 
biomechanical properties of the ACL tendon and found that 
those properties are highly affected by the diameter.[16] New 
surgical techniques have been currently used to increase the 
graft size through increasing the tendon strands. Moreover, 
by using the two cortical fixations, the use of folded grafts 
is not a difficulty anymore.[17‑20] In addition, those developed 
techniques help the surgeon to preserve the gracilis tendon for 
possible revision surgeries.[16] The study was conducted on 
fixed variables by the same surgeon, and it is the first study to 
be conducted in the region. Therefore, the results might reflect 
the anatomical variation in our region in comparison to other 
international studies. However, our study was based on one 
center, which makes it insufficient to prove such a hypothesis. 
Another limitation of our study is the limited time frame, 
which is the reason for the inadequate number of patients to 
have a proper correlation. Gender is not a useful variable for 
comparison because the study had an inadequate number of 
females. The entire population in this study had sufficient size 
according to the literature; graft size of 7 mm or more. The 
requirement of prediction in the population of the Middle East 
and the conversion into the new technique in order to increase 
the diameter might not be required.

Conclusion
In the literature, while the correlation between anthropometric 
measurements and graft diameter has been studied, there 
is a dearth of regional studies reflecting the Middle East 
population. We strived to achieve the same. Our study showed 
no correlation between anthropometric measurements and the 
autograft size; therefore, these measurements were not able to 
determine the diameter of the autograft.

Recommendation
As our study was based in one center with a limited number of 
patients, further large‑scale studies looking into thigh diameter 
and ethnicity and radiological studies with a larger sample size 
are recommended.
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