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Introduction: Among many available autograft options for anterior cruciate ligament (ACL) reconstruc-
tion, hamstring tendon (HT) is the most popular graft. The ability to identify whether patient is at risk of
inadequate HT autograft size prior to surgery is very important. Among some methods that have been
done, anthropometric parameters are considered as an easy and cost effective method in predicting the
size of HT autograft. In order to predict the length of semitendinosus tendon (ST), gracilis tendon (GT)
and quadrupled HT graft diameter, a prospective study was conducted to determine the anthropometric
parameters.
Method: Anthropometric parameters, including age, gender, height, weight, body mass index (BMI), true
leg length (TLL), thigh circumference and thigh length of 60 patients with primary ACL reconstruction
was measured before surgery. Using univariate analysis, independent-sample t-test, Pearson correlation
test, and simple logistic regression to evaluate the correlation of these anthropometric variables on the
size of the graft obtained.
Result: Average values for GT length (23.17 + 3.01 cm), ST length (24.93 + 2.85 cm), and 4-strand HT
autograft diameter (7.36 + 0.66 mm). 83.33% total patients had graft diameter of 7 mm and more. Height
and TLL correlate to GT length and quadruple HT autograft diameter, while thigh circumference corre-
lates to ST length.
Conclusion: Height and TLL can be predicting factor of GT length and quadruple HT autograft, while thigh
circumference to ST length. Patients who are less than 155 cm in height and less than 76 cm in TLL are at
risk of having 4-strand HT autograft diameter less than 7 mm.

© 2019 The Author(s). Published by Elsevier Ltd on behalf of Surgical Associates Ltd. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Anterior cruciate ligament (ACL) is the central ligament of
human's knee. The main functional role of the ACL is to provide
stability against anterior tibial translation and internal rotation [1].
Rupture of the ACL is one of the commonest seen knee injuries in
sports [2]. Valgus and internal rotation mechanism in non-contact
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trauma are common and frequent mechanism of injury found in
ACL rupture. The estimated incidence of acute ACL rupture is 78 per
100,000 persons with the mean age of 32 years in Sweden. The
estimated incidence is higher in United States up to 84 per 100,000
persons [1].

Three types grafts commonly used in ACL reconstruction are
autografts, allografts and synthetic grafts. The choice of graft types
by surgeon is influenced by the perceived functional outcome,
rehabilitation options, graft availability and donor site morbidity.
Surgical techniques and surgeon experience also play important
role in graft choosing. Am. Autograft, among the available graft
types, is the most commonly used graft (Hamstring tendon and
Bone-patellar tendon-bone), whereas hamstring tendon (HT) is the
most popular autograft among surgeons [1,3].
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Despite of having no difference in the functional outcome, bone-
patellar tendon-bone (BPTB) graft has disadvantage of an increased
incidence of knee osteoarthritis and anterior knee pain on its long-
term follow-up [4,5]. Anterior knee pain is very disturbing for most
of Indonesian people, who are moslems and have to kneel down
during praying. These factors cause HT autograft become more
popular among surgeons, indeed in our institution.

Identification of graft length and diameter before surgery is very
important in preoperative planning, especially when patient is at
risk of inadequate length and diameter of HT autograft. This should
suggest surgeon to find alternative graft selection prior to surgery
[6,7]. Some fixation methods and implants require a minimum graft
diameter or length, as they might affect laxity and stability [8].

Among some methods that have been performed to explore the
most ideal way to predict the graft size, anthropometric parameter
are considered as an easy and cost effective method in predicting
the size of HT graft [9—12]. In varied studies, pre-operative pa-
rameters such as age, gender, height, weight, BMI, leg length, thigh
circumference have been reported as the predictive value
[9-11,13—-25].

We conducted a prospective study to predict the length of
harvested tendons and diameter of quadrupled HT autograft in ACL
reconstruction surgery by determining the anthropometric mea-
surements such as age, gender, height, weight, BMI, TLL, thigh
circumference and thigh length in our population. We also assessed
the reliability of a mathematical equation in attempt to accurately
predict the graft size.

To our knowledge, there has been no other publication
regarding the relationship between anthropometric parameters to
HT autograft size for ACL reconstruction in Indonesian population,
especially in South Sulawesi population.

2. Materials and methods
2.1. Patients

After having granted approval from institution's ethical com-
mittee, we proceeded to evaluation of 60 consecutive patients
(51 men, 9 women) with ACL tear who had undergone 4-strand HT
autograft for primary ACL reconstruction between January 2016
and December 2018 in Wahidin Sudirohusodo Hospital, Makassar.
All patients had signed their consent letter. We excluded patient
who had undergone ACL reconstruction using other types of graft,
had multi ligament knee injuries, came from other population
groups, or had incomplete information. All authors independently
collected anthropometric parameter, including age, gender, height,
weight, BMI, TLL, thigh circumference and thigh length from all
patients directly before surgery. While tendon harvesting and graft
preparation were done by the first author.

Height was measured while subject stood bare feet against
anthropometric instrument, weight was measured while subject
stood over the scale with minimal movement and hands positioned
at their sides, shoes and excess clothing should be taken off, TLL
was measured from the anterior superior iliac spine (ASIS) to the tip
medial malleolus (MM), thigh length was measured from greater
trochanter to lateral epicondyle, and thigh circumference was
measured 15 cm proximal to superior pole of the patella in all pa-
tients. BMI was calculated using patient's weight and height ac-
cording to standard formula [26].

2.2. Operation procedures
All patients undergone single bundle reconstruction under

spinal anaesthesia. A vertical incision of 3 cm long was made at
tibial insertion on the skin over hamstring tendon, on pes anserinus

area. After exposed adequately, sartorius fascia was incised
accompanying the superior edge of gracilis tendon (GT) and sem-
itendinosus tendon (ST). These tendons were harvested by using
closed tendon stripper. Length of the ST and GT was defined as the
measured end to end of the tendon after moving the superficial
fascia and fat of the tendons and trimming the rough edge carefully.
Tendons were prepared in a single bundle, 4-strand technique with
each end of the tendon grafts whipstitched with a No. 2 nonab-
sorbable polyester suture. The final diameter of the graft was
determined by the smallest diameter allowing smooth passage in
‘sizing cylinder’ of Smith and Nephew with increment of 0,5 mm.
Graft diameter was obtained from the largest measured portion of
the graft, and was placed within the femoral tunnel. Any difference
in diameter for the trailing, were whipstitched at each ends and
were handled by adjusting the diameter of the drilled tibial tunnel.
HT graft total length was defined as the measured end to end length
of the prepared graft. All grafts were of sufficient length, with a
minimum 8 cm of total graft length after quadrupled preparation.

Finally, the prepared 4-strand HT autograft was implanted and
fixed. Femoral fixation was achieved with Endobutton while tibial
fixation was achieved with Bioscrew.

2.3. Statistical analysis

Statistical analysis was performed using SPSS version 22.0.
Relationship between gender and intraoperative HT autograft size
were identified by independent-sample t-test. Correlation
coefficients (Pearson r) were used to identify the relationships
between length of the ST and GT and diameter of the HT autograft
and continuous variables (age, height, weight, BMI, TLL, thigh
circumference and thigh length). Higher correlation coefficient
shows stronger relationship between variables. Following the
univariate analysis, a simple linear regression analysis was used to
evaluate the influence of the anthropometric variables on the
length of tendon and diameter of the 4-strand HT autograft that has
been obtained. In order to improve the matching degree of the
regression equation and real parameters, we have taken log of
these continuous variables. P values less than 0.05 were considered
as significant.

3. Results

This study consisted of 60 patients (51 mens and 9 womens)
with an average age 27.23 + 7.46 years. Preoperative measurement
with average values for height (167.76 + 7.1 cm), weight
(71.9 + 15.76 kg), BMI (25.42 + 4.67 kg/m?), TLL (86.65 + 5.12 cm),
thigh circumference (45.78 + 6.86 cm), and thigh length
(38.76 + 3.78 cm). Intraoperative measurement, average values for
GT length (23.17 + 3.01 cm), ST length (24.93 + 2.85 cm), and 4-
strand hamstring autograft diameter (7.36 + 0.66 mm) (Table 1).
When sample were split by gender, the average values for GT length
of men and women were 23.49 + 2.90 cm and 21.33 + 3.08 cm,
respectively. The average values for ST length of men and women
were 25.25 + 2.89 cm and 23.11 + 1.83 cm, respectively. The average
value for 4-stranded HT autograft diameter of men and women
were 7.39 + 0.63 mm and 7.16 + 0.82 mm, respectively. 3,33% of
total patients had graft diameter more than 8 mm, 80% had graft
diameter between 7 and 8 mm, and 16,67% had graft diameter less
than 7 mm. Women has shorter length and smaller hamstring
tendon graft diameter.

Correlation coefficient (Pearson r) were used to identify the
magnitude of each data correlation (Table 2). It was found that
height and TLL correlate moderately to GT length and 4-stranded
HT autograft. While thigh circumference correlates moderately to
ST length. Age, BMI, and thigh length did not correlate to any of the
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Table 1
Subject Data (Mean + SD) by Gender With Independent t-Test Result.
Total Men Women P value
4-stranded 7.36 + 0.66 7.39 + 0.63 7.16 + 0.82 0.532
Hamstring
Graft Diameter
GT length (cm) 23.17 +3.01 2349+290 2133 +3.08 0.047
ST length (cm) 2493 +2.85 2525+289 23.11+1.83 0.036
Age (year) 2723 +746 2647 +6.89 31.56+943 0.059
Height (cm) 167.76 + 711  169.38 + 5.89 158.55 + 6.61 0.000
Weight (kg) 71.93 + 15.76  72.76 + 1586 67.22 + 15.16 0.335
BMI (kg/m?) 2542 +4.67 2522 +464 2657 +495 0429
TLL (cm) 86.65+5.12 8743 +443 82.22+6.66 0.004
Thigh 4578 + 6.86  55.1 +79.8 343 +4.0 0.886
Circumference
(cm)
Thigh Length (cm)  38.76 +3.78 3934 +3.62 3544 +3.00 0.003

Table 2
Correlation coefficients for relationships between antropometric parameter
and intraoperative measurements.

GT length ST Length  4-Stranded Hamstring
Graft Diameter

Age —0.086 —0.050 —-0.048

Height 0.432° —-0.027 0.320°

Weight 0.148 0.181 0.174

BMI -0.023 0.250 0.044

TLL 0.405% —-0.011 0.292°

Thigh Circumference  0.054 0.255% —0.007

Thigh length 0.194 —-0.035 0.180

intraoperative measurement. The strongest correlation of anthro-
pometric parameter to 4-stranded HT autograft diameter was
height.

The simple linear regression analysis indicated that height and
TLL have contributed approximately 18.6% and 16.4% of variance in
GT length, respectively. Likewise, height and TLL have contributed
approximately 10.2% and 8,5% of variance in 4-strand HT autograft
diameter, respectively. While, thigh circumference have contrib-
uted approximately 6.5% of variance in ST length.

Through regression analysis, we constructed the following
predictive equations for GT length, ST length, and diameter of the 4-
strand HT autograft base on the predictor were correlated
significantly:

1. GT length
GT length = —7.509 + 0.183 x (height (cm))
GT length = 2.508 + 0.238 x (TLL (cm))
2. ST length
ST length = —35.716 + 1.485 x (thigh circumference (cm))
3. 4-strand HT autograft diameter
4-strand HT autograft diameter = 2.342 + 0.030 (height (cm))
4-strand HT autograft diameter = 4.077 + 0.038 (TLL (cm))

Correlation analysis indicates that shorter height and shorter
true leg length would have shorter GT length and smaller
quadruple HT autograft diameters. While smaller thigh circumfer-
ence would have smaller ST length.

4. Discussion

Hamstring tendon is still the most popular autograft used in ACL
reconstruction because of some of its advantages over other graft
types. This also applied at our institution. Despite of its popularity,
there always be risk for having an inadequate graft size. Therefore,
it always important to know the estimation of HT autograft size and

put it as preoperative planning. To our knowledge, there has been
no publication regarding the relationship between anthropometric
parameters in the population of Indonesia, especially in South
Sulawesi population.

In this study, the number of samples was 60 with the minimum
length of the ST obtained was 20 cm and the minimum length of the
GT was 16 cm, so that the graft length would become approxi-
mately 9 cm when using a quadruple graft. This length exceeds the
minimum length of the HT autograft (8 cm) to avoid more com-
plications [16].

The minimum diameter of quadruple HT autograft obtained was
6 mm with a minimum recommended diameter of 7 mm [27].
Despite Magnussen et al. [28] recommended HT autograft diameter
should have diameter of 8 mm or more to avoid the risk of revision.
Bear in mind that biomechanical consideration is an important
factor that influence of the size of graft diameter, thus patients with
inadequate risk of graft diameter and length were advised to use
other autograft options, such as peroneus longus tendon (PLT)
[29-31].

Grood el al. [32]. as in animal model showed the inverted rela-
tionship of anterior tibial translation with the diameter of graft. The
clinical studies he performed did not affirm the current biome-
chanical data showing greater diameter will result in stronger and
stiffer construct. There was no correlation found between graft size
to ultimate knee stability, range of motion and patient satisfaction.
It should be kept in mind that the goal remains to maximize the
amount of tendon contact area within the femoral tunnel, despite
the fact that the fixation system will require different HT length and
different diameter to be effective. These needed the tendon graft
size to be available to achieve proper fixation and allow the effec-
tive graft healing [20].

This study has found a significant statistical correlation between
height, TLL and GT length (r = 0,432 and r = 0,405). Thigh
circumference correlate to ST length (r = 0,255) while height and
TLL have correlated to quadruple HT autograft diameter. Height
remains the most statistically significant predictor of HT autograft
size. Whereas age, gender, BMI, and thigh length have no correla-
tion to graft size. In our study, we found that patients shorter than
155 cm in height and shorter in 76 cm in TLL are likely to have a
quadrupled HT autograft diameter less than 7 mm in diameter.

Previous studies found that anthropometric measurements such
as age, gender, height, weight, BMI, TLL, thigh circumference, thigh
length, patient's tegner score and smoking status correlated with
the length and diameter of the HT autograft (Table 3)
[9-11,20,23,25].

This is relevant with study performed by Gupta el al. [10]. that
leg length has strong correlation to ST length (r = 0,719) and height
with GT length (r = 0,685), while height and leg length have strong
correlation to quadrupled HT autograft (r = 0,685 and r = 680).
Preoperative measurement of height and leg length can reliably
predict ST and GT length and quadrupled HT autograft diameter
(p < 0.05). The other studies also found that height is the most
consistent parameter associated with HT autograft size
[8—11,19,20,23,25].

The ability to predict graft diameter and length might be needed
for some operation technique and preoperative planning. Tibia-
sided fixation outside the tibial tunnel might require longer graft
length. This will need the prediction to know if patient's HT auto-
graft would be long enough for this fixation. Otherwise the surgeon
might need to choose for another graft type. In revision surgery, a
larger graft size might be needed for previous tunnel and fixation
method. In this condition, estimation of HT autograft diameter will
help in selecting graft size [33].

In this study it was not found that gender is not a predicting
factor in smaller graft sizes. This is different from several previous
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Table 3

Summary of previous study in anthropometric parameter measurement [9—11,19,20,23,25].

Treme et al.,
(Am J Sports Med, 2008)

Prospective, n = 50
(M:F = 29:21)

Cohort, n = 235
(M =167, F = 68)

Xie et al.,
(Am J Sports Med, 2012)

Cohort, n = 121
(M = 108, F = 13 female)

Thomas et al.,
(Arc Orthop Trauma Surg, 2012)

Goyal et al.,
(International (SICOT), 2015)

Prospective, n = 160

Cohort, n = 169
(M =141, F = 28)

Hoetal,
(Acta Orthop Belg, 2016)

Gupta et al.,
(J Orthop, 2017)

Phase [ (Cohort), n = 123
(M =108, F = 15)

Phase II (blind prospective),
n = 300

(M = 206, F = 94)

Ramkumar et al., Cross Sectional, n = 1681

(am ] Sports Med, 2018)
This study Prospective, n = 60
(M=51,F=9)

Age, gender, height, weight, BMI, leg
length, thigh length, thigh
circumference, Tegner score

Height, Weight, BMI, Gender, Age,
Tegner Score

Age, Gender, Height, Weight, BMI

Height, weight, BMI, thigh length

Age, Gender, Height, Weight,
BMI, smoking status

Height, Weight, Leg length, Thigh
length, Thigh circumference

Age, Height, Weight, BMI, Sex

Age, Gender, Height, Weight, BMI, TLL,
Thigh circumference, Thigh length

In men alone weight, ipsilateral thigh circumference,
and BMI independently relate moderately (R? = 0.36
—0.41) to diameter but height only weakly (R? = 0.12)
also multiple regression analysis not done.

Length of Gracilis and ST tendons relate to height and
leg length (R? = 0.24—0.48, on simple linear regression);
only in women.

Error rate of 6.7% reported for the equation by Tuman
et al. using height

Height and weight have strongest correlation to ST and
GT length, and GT graft diameter

Gender and weight have strongest correlation to ST
graft diameter

Height, weight and BMI can be use to predict ST and GT
autograft diameter and length

Small female sample

Chinese Han population study

Using quadruple ST and GT graft for double bundle ACL
reconstruction

Height, weight and gender have moderate correlation to
graft diameter (r = 0,38 and r = 0,29, and r = —0,28,
respectively)

Height is the best predictor to graft diameter

BMI and age not correlate to graft diameter

Graft length correlation not studied

Small female sample

European population study

Height and thigh length correlate weakly to both graft
diameter and graft length (R?<0.15)

Graft diameter = 2.14 + 0.033 x (height)

Gracilis = —0.408 + 0.203 x (thigh length)+

0.103 x (height)

SemiT = —1.165 + 0.164 x (thigh length)+

0.129 x (height)

Predicted diameter from equation may agree well with
true diameter but with increased risk of over estimating
thickness in up to 30% cases

Height and weight correlate moderately to hamstring
graft diameter, while BMI correlate weakly to graft
diameter

Age and smoking status not correlate significantly to
graft diameter

Height and weight can be use to predict hamstring graft
Graft length correlation not studied

ST length has strong correlation to leg length

(r = 0,719), while GT length with height (r = 0,685)
Quadrupled hamstring graft have strong correlation to
height and leg length (r = 0,685 and r = 680)

Height and leg length preoperative measure can reliably
predict ST and GT length and quadrupled hamstring
graft diameter

Indian population study

Thigh circumference was contralateral

Height is the greatest predictor

Height, weight, 5 strand graft, sex related to graft size
Age did not significant contribute

Height and TLL correlate to GT length and 4-strand HT
autograft diameter

Thigh circumference correlate to ST length

South Sulawesi Population

studies stating that gender is one of the predicting factors of graft
size [8,14,19,20,25]. Although in this study the graft diameter in
women (716 + 0.82 mm) was smaller than of men
(7.39 + 0.63 mm), but not statistically significant (p > 0.05). Simi-
larly with age, BMI, thigh length and thigh circumference not
correlated significantly to the diameter of the 4-strand HT auto-
graft. This is different from result study by Pinheiro et al. [14] were
found that beside height and leg length, quadruple HT autograft
diameter was related to sex, weight, thigh length, and thigh
diameter.

We found that HT autograft is still the effective graft of choice for
ACL reconstruction especially in primary reconstruction. One can
predict the preoperative HT autograft size with the equations that
were developed from this study, as this is one of the most important
steps in preoperative planning. However, requires further study and
more diverse samples from the Indonesian population using the
results of this study to determine whether anthropometric mea-
surements in this study can also be applied to Indonesian population.

The strength of our study is that all ACL reconstructions surgery
were performed by one surgeon; with the same of harvesting graft
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technique, the same fixation technique and the same rehabilitation
protocol. Other strength of our study is that this is the first study to
determine the association between anthropometric parameters
and HT autograft size in Indonesian people especially South Sula-
wesi population.

The limitations in this study are the small sample size (espe-
cially women patients). This could lead to insufficient statistical
power in detecting small correlation between the anthropometric
parameter and length of the harvested tendon, and the diameter of
HT autograft. Other limitation is that we did not include duration of
injury and level activity, as in other study, these found to have
correlation with diameter of graft.

5. Conclusion

Height and TLL correlate to GT length (r = 0,432 and r = 0,405)
and thigh circumference correlates to ST length (r = 0,255), while
height and TLL correlate to quadruple HT autograft diameter. Pa-
tients shorter than 155 cm in height and 76 cm in TLL are at a risk of
having quadrupled HT autograft diameter less than 7 mm.
Furthermore, quadruple HT autograft diameter can be predicted
with measurements of height and TLL and GT and ST length with
thigh circumference. Although these calculations are not precise,
we feel that the preoperative graft data obtained may be valuable
for preoperative planning for ACL reconstruction with HT autograft.
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