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ABSTRACT

Background: This study aimed to evaluate the predictive value of age, sex, height, weight, and body mass index (BMI)
for estimating the length of semitendinosus and gracilis tendons, as well as the total graft diameter, in patients
undergoing anterior cruciate ligament (ACL) reconstruction.

Methods: A study was conducted involving 58 patients undergoing ACL reconstruction using hamstring tendon
autografts. Preoperative data were collected and intraoperative measurements of semitendinosus, gracilis tendon
lengths, and total graft diameter were recorded.

Results: For semitendinosus, longer tendons were associated with greater height (B=89.77, p=0.020) and BMI
(B=2.452, p=0.044), while higher weight showed a negative effect (B=-0.841, p=0.047). Males had significantly longer
semitendinosus tendons than females (B=1.796, p=0.028). Similar trends were observed for gracilis tendon length,
where height (B=113.77, p=0.005), BMI (B=3.245, p=0.012), and sex (B=1.747, p=0.040) were positive predictors,
and weight showed a negative association (B=-1.132, p=0.011). Age was not a significant predictor for either tendon
length (p>0.5). Regarding total graft diameter, only sex emerged as a significant factor (B=0.295, p=0.049), with male
patients having thicker grafts, while age, height, weight, and BMI had no significant effect (p>0.05).

Conclusions: Height and BMI are reliable positive predictors of hamstring tendon length, while weight shows a
negative association. Male sex is consistently associated with longer and thicker tendons. Age does not significantly
influence graft dimensions.
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INTRODUCTION

Anterior cruciate ligament (ACL) injuries are among the
most common knee pathologies, particularly in athletic
populations, and often necessitate surgical reconstruction
to restore functional stability and prevent long-term joint
degeneration.!? Among available graft options, hamstring
tendon autografts-specifically the semitendinosus and
gracilis tendons-are widely preferred due to their favorable
biomechanical characteristics, reduced donor site
morbidity, and lower incidence of anterior knee pain

compared to bone-patellar tendon-bone grafts.3*> One
major concern during ACL reconstruction is graft
insufficiency, especially when the harvested tendon is too
short or thin to provide adequate strength. Graft diameter
less than 8 mm has been associated with significantly
higher revision rates, particularly in young, active
individuals.®’

This highlights the importance of preoperative prediction
of tendon dimensions to improve surgical planning and
reduce intraoperative surprises.
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Recent studies have identified anthropometric variables-
such as height, weight, BMI, and sex-as potential
predictors of graft size.' Height has been shown to
positively correlate with tendon length and graft diameter,
making it one of the most reliable predictors across
populations.''? Similarly, some studies have reported a
positive correlation between thigh length and tendon
dimensions, suggesting that regional measurements may
offer greater predictive value than general body size
indicators.'> However, findings related to BMI and body
weight remain inconsistent. While some studies reported
that higher BMI may result in longer tendons, others found
no significant associations.®!* Sex differences also play a
notable role in graft morphology, with males typically
exhibiting longer and thicker hamstring tendons compared
to females.!®!> Conversely, age has not consistently shown
predictive value, with most studies reporting no significant
correlation between patient age and tendon size.%!*!°

Despite growing research, many existing predictive
models are derived from Western cohorts, limiting their
applicability to other populations. Recent studies from
South Asia have emphasized ethnic differences in
anthropometry, calling for population-specific data to
improve the accuracy of preoperative graft predictions.®!*
Incorporating both anthropometric assessments and
imaging modalities like MRI may further refine these
models and optimize outcomes in ACL reconstruction. 2

The purpose of this study was to assess the predictive value
of age, sex, height, weight, and BMI in determining the
total graft diameter and the length of the gracilis and
semitendinosus tendons in patients having ACL
reconstruction.

METHODS

This cross-sectional observational study was conducted in
the department of orthopaedics, arthroscopy arthroplasty
unit, Bangladesh medical university over a defined period
from 01 July 2024 to 30 June 2025, involving patients
scheduled for primary ACL reconstruction using
hamstring tendon autografts. A total of 58 patients who
met the inclusion criteria were enrolled consecutively.
Inclusion criteria comprised skeletally mature individuals
undergoing ACL reconstruction with semitendinosus and
gracilis autografts. Patients with prior knee surgery,
multiligamentous injuries, or systemic musculoskeletal
disorders were excluded. Preoperative demographic and
anthropometric data, including age, sex, height, weight,
and BMI, were recorded. BMI was calculated using the
standard formula: weight (kg) divided by height (m?). All
surgeries were performed by experienced orthopedic
surgeons using a standardized arthroscopic technique.
Intraoperatively, the lengths of the semitendinosus and
gracilis tendons were measured immediately after harvest
using a sterile ruler. The total graft diameter was recorded
following quadrupling of the tendons and measurement
with a graft-sizing block in 0.5 mm increments. Data were
analyzed using SPSS version 26.0 (IBM Corp., Armonk,

NY, USA). Descriptive statistics were used to summarize
demographic variables. Linear regression analysis was
conducted to evaluate the predictive relationship between
the independent variables (age, sex, height, weight, BMI)
and the dependent variables (semitendinosus length,
gracilis length, total graft diameter). Statistical
significance was set at p<0.05. This study was conducted
in accordance with the declaration of Helsinki, and ethical
approval was obtained from the institutional review board.
Informed written consent was obtained from all
participants prior to enrolment.

RESULTS
Demographic of the study population

The age group distribution shows that the majority of ACL
reconstruction patients were between 26-30 years (n=20),
followed by 21-25 years (n=14), indicating that ACL
injuries are most common in young adults. The number of
cases declines steadily with age, with very few patients
above 40 years, suggesting that younger individuals, likely
due to higher physical activity levels, are more prone to
ACL injuries requiring surgical intervention.

The sex distribution reveals a significant male
predominance, with 56 out of 58 patients (96.6%) being
male and only 2 (3.4%) females. This suggests that ACL
injuries requiring reconstruction are far more common
among males, likely due to greater participation in high-
risk physical activities or sports.

The height summary shows that the average height of the
patients is 1.70 meters, with a moderate range from 1.55
meters to 1.85 meters, indicating a relatively homogeneous
population in terms of height.

The weight summary reveals an average weight of 74.03
kg, with a broad spread from 49 kg to 100 kg, suggesting
variability in body weight among the participants.

The majority of patients fall into the overweight (25.0-
29.9) category (30 patients), followed by normal (18.5-
24.9) weight (20 patients), indicating that most of the
cohort has a BMI above the healthy range. Only 2 patients
were classified as underweight, and 6 were in obese class
I, with no patients in obese class II, suggesting that the
population tends to be overweight or normal weight.

Linear regression analysis identified several significant
predictors of semitendinosus tendon length. Height
(B=89.77, p=0.020) was positively associated, indicating
that taller individuals tend to have longer tendons.
Conversely, weight (B=-0.841, p=0.047) was negatively
associated, suggesting that heavier individuals have
shorter tendons. BMI (B=2.452, p=0.044) and sex
(B=1.796, p=0.028) were also significant, with higher
BMI and male sex associated with longer tendons. Age,
however, was not a significant predictor (p=0.506).
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Linear regression analysis revealed that height (B=113.77,
p=0.005), weight (B=-1.132, p=0.011), BMI (B=3.245,
p=0.012), and sex (B=1.747, p=0.040) were significant
predictors of gracilis tendon length. Taller individuals and
those with higher BMI tend to have longer gracilis
tendons, while greater weight is associated with shorter
tendon length. Sex also had a significant influence on

tendon length. Age, however, was not a significant
predictor (p=0.652). Linear regression analysis showed
that sex was the only significant predictor of total graft
diameter (B=0.295, p=0.049), indicating that graft
diameter varies by sex. Age, height, weight, and BMI were
not significant predictors, with all p values greater than
0.05.
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Figure 1: Weight distribution according to BMI categories (WHO classification).

Figure 2 (A and B): Length and diameter measurement after quadruple strand. A-Semitendinosus and gracilis
length measurement. B-Quadrupled hamstring diameter measurement.

Table 1: Age group distribution of the study population, (n=58).

Age group (in years)

21-25 14
26-30 20
31-35 8
36-40 6
41-45 0
46-50 4

Table 2: Sex distribution of the study population, (n=58).

Sex N Percentage (%)
Male 56 96.6

Female 2 3.4

Total 58 100
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Table 3: Height summary (in meters) of the study population, (n=58).

| Statistics Value |
Count 58
Mean 1.70
Std Dev 0.064
Min 1.55
Median 1.68
Max 1.85

Table 4: Weight summary (in kg) of the study population, (n=58).

Count 58
Mean 74.03
S. D. 12.39
Min 49
Median 72
Max 100

Table 5: Weight distribution according to BMI categories (WHO classification).

Underweight (<18.5) 2
Normal (18.5-24.9) 20
Overweight (25.0-29.9) 30
Obese class I (30.0-34.9) 6
Obese class II (=35.0) 0

Association of the independent variables with dependent variables

Table 6: Association of age, sex, height, weight and BMI with length of semitendinosus.

\ Coefficients”

Unstandardized Standardized
Model coefficients coefficients T

B Std. error Beta
(Constant) -127.513 62.901 -2.027
Age (in years) -0.021 0.031 -0.081 -0.670
Height (cm) 89.765 37.352 2.903 2.403
Weight (kg) -0.841 0.413 -5.271 -2.033
BMI (kg/m?) 2.452 1.187 3.984 2.066
Sex 1.796 0.794 0.257 2.262

*a-Dependent variable: semitendinosus length

Table 7: Association of age, sex, height, weight and BMI with length of gracilis.

Sig.

0.048
0.506
0.020
0.047
0.044
0.028

Sig.

0.014
0.652
0.005
0.011
0.012

Unstandardized Standardized
Model coefficients coefficients T

B Std. error Beta
(Constant) -167.127 65.703 -2.544
Age (in years) -0.015 0.032 -0.057 -0.454
Height (cm) 113.773 39.016 3.650 2.916
Weight (kg) -1.132 0.432 -7.045 -2.622
BMI (kg/m?) 3.245 1.240 5.230 2.618
Sex 1.747 0.829 0.248 2.107

*a-Dependent variable: Gracilis length.
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Table 8: Association of age, sex, height, weight and BMI with total diameter of graft.

Coefficients®

Unstandardized
Model coefficients

B Std. error
(Constant) 14.114 11.606
Age (in years) -0.006 0.006
Height (cm) -4.014 6.892
Weight (kg) 0.089 0.076
BMI (kg/m?) -0.270 0.219

0.146

Standardized
coefficients T Sig.
Beta

1.216 0.229
-0.111 -1.004 0.320
-0.643 -0.582 0.563
2.766 1.167 0.249
-2.170 -1.231 0.224
0.210 2.017 0.049

Age (in years) 0.295
*a-Dependent variable: total Dia.

DISCUSSION

This study explored the association between
anthropometric parameters and hamstring tendon autograft
dimensions in a Bangladeshi population undergoing ACL
reconstruction. The findings demonstrate that height and
BMI are significant positive predictors of both
semitendinosus and gracilis tendon length, while weight
has a negative association. Sex also emerged as a
consistent predictor across tendon length and graft
diameter, with male patients showing longer and thicker
tendons. These results align with recent studies
highlighting the predictive value of body habitus in
estimating  graft morphology prior to ACL
reconstruction. !’

Height has been repeatedly validated as a reliable predictor
of graft length due to its correlation with limb and muscle
size, which supports our findings.?>?' Interestingly,
although body weight alone negatively correlated with
tendon length, BMI had a positive relationship, echoing
prior observations that overall body composition rather
than mass alone plays a crucial role in tendon
morphology.?? The finding that male sex significantly
predicted longer and thicker tendons is consistent with
broader anatomical differences reported in the literature,
where men typically exhibit more robust soft tissue
structures.”>?* Notably, age did not significantly predict
tendon length or graft diameter, reinforcing prior studies
that found little to no correlation between age and graft
size in skeletally mature individuals.?>?® The only
significant predictor for total graft diameter was sex,
suggesting that while height and BMI may influence
tendon length, sex-based anatomical factors likely play a
dominant role in tendon cross-sectional area.”’ This
highlights the importance of patient sex as a practical
preoperative consideration when anticipating graft
adequacy and planning surgical strategy.

The clinical significance of these findings is substantial, as
hamstring grafts below 8§ mm in diameter have been
associated with increased rates of failure and need for
revision surgery.?’ Given that the study population was
predominantly male and overweight, it provides valuable
insight into regional norms and graft suitability in South
Asia. Additionally, using simple anthropometric measures

can be especially useful in resource-constrained settings
where advanced imaging may be unavailable or cost-
prohibitive. From a  biomechanical standpoint,
understanding the interplay between body size and tendon
morphology also helps optimize graft preparation
techniques, such as selecting between quadruple and five-
strand constructs for sufficient diameter.® Despite the
strong correlations found, anthropometric data alone may
not fully capture the variability in tendon morphology.
Future studies could incorporate muscle cross-sectional
area measurements or utilize ultrasound/MRI to enhance
predictive accuracy. Long-term clinical outcome
correlation, such as graft retear rates or functional scores
based on predicted vs. actual graft size, would also be
valuable in validating the practical utility of these models.
A multicentric approach involving different ethnic groups
within the region could further strengthen the external
validity of these findings.

Although the findings resonate with previous international
studies, they are especially valuable in the South Asian
context, where population-specific data are sparse.
Anthropometric norms differ significantly across
ethnicities, and predictive models developed in Western
populations may not generalize well to this region.?® This
study thus contributes important region-specific data to the
evolving global understanding of ACL graft planning. This
study is limited by its small sample size, particularly the
underrepresentation of female patients, which may affect
the generalizability of sex-based findings. Additionally,
being a single-center study, the findings may not reflect
anthropometric variations across different regions or
ethnic groups within Bangladesh. The cross-sectional
design also restricts causality interpretation, and the
absence of imaging data such as MRI prevents comparison
with radiological predictors of graft size.

CONCLUSION

Height, BMI, weight, and sex are significant predictors of
hamstring tendon autograft dimensions in the Bangladeshi
population undergoing ACL reconstruction. Age does not
significantly  influence graft morphology. These
anthropometric variables can serve as useful tools for
preoperative estimation of graft adequacy, especially in
resource-limited settings. Further large-scale, multicentric
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studies incorporating imaging and functional outcomes are
recommended to enhance the robustness of predictive
models and their clinical applicability.
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