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Background: There has been limited literature regarding the influence of hamstring autograft diameter
on the outcome of anterior cruciate ligament (ACL) reconstruction in Asian population. This study was
undertaken to investigate the failure rate after ACL reconstruction among Chinese patients treated with
hamstring tendon autografts of different diameters. Our hypothesis was that an increase in hamstring
tendon autograft diameter would reduce the risk of graft failure.
Methods: A retrospective review of 394 consecutive patients who underwent ACL reconstruction using
quadrupled semitendinous and gracillis autografts from 2009 to 2018 at our centre was performed.
Logistic regression analysis was used to determine the relationship between graft failure rate and pre-
dictor variables, including hamstring graft diameter, gender and age.
Results: Hamstring graft diameter of 8.0 mm or more was found to be associated with significant
reduction of risk in graft failure rate (P ¼ 0.001, Relative Risk 0.19). No significant association was found
between graft failure rate and gender or age.
Conclusion: Hamstring graft diameter 8.0 mm or greater is associated with decreased graft failure rate
and revision rate in our local Chinese population.
© 2020 Asia Pacific Knee, Arthroscopy and Sports Medicine Society. Published by Elsevier (Singapore) Pte
Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).
Introduction

Quadrupled hamstring tendon autograft has become a popular
graft choice in anterior cruciate ligament (ACL) reconstruction
because of its favourable biomechanical profile, the ease of harvest
and positive clinical outcomes.1e4 The quadrupled hamstring
tendon autograft is obtained by harvesting the semitendinosus and
the gracilis tendons at the pes anserinus and folding them over
twice to create a four strand autograft.5 Biomechanical studies have
shown that hamstring graft strength increases with increased graft
diameter.6 In 2012, Magnussen et al.7 published the first clinical
study comparing graft size and revision rates. It demonstrated that
an increase in hamstring tendon graft size is associated with a
lower revision rate. To our knowledge, despite several subsequent
studies demonstrating similar findings, many of such data were
derived from Caucasian patients and data from Asian patients were
cs and Traumatology, Kwong
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generally lacking in the literature. The objective of this study was to
investigate the ACL reconstruction failure rate among Chinese pa-
tients treated with hamstring tendon autografts of different di-
ameters. We hypothesized that an increase in hamstring tendon
autograft diameter would reduce the risk of graft failure. In addi-
tion, we also expected the ideal graft diameter to prevent failure
would be smaller than that of reported in western literature.8,9
Materials and methods

All electronic records of patients who underwent primary ACL
reconstruction at our center from 2009 to 2018 were evaluated.
Patients who were managed conservatively, ACL reconstructions
with bone patella tendon bone grafts and multiligamentous in-
juries were excluded. Graft diameter, gender, pre-injury Tegner
Score, age at primary surgery and whether the patient developed
graft failure were documented. Graft failure was defined as symp-
tomatic patients with positive anterior drawer and Lachmann test
supported with either compatible MRI or arthroscopic findings.

All ACL reconstructions were performed by a single surgical
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team consisted of fellowship trained orthopaedic surgeons. Sem-
itendinosus and gracilis tendons were harvested by standard open
techniques through a longitudinal incision centered between the
tibial tubercle and the posteromedial border of the tibia. All grafts
were stripped of muscle and doubled to form a four strand graft.
Intraoperative measurements of the fashioned quadrupled
hamstring graft were performed using sizing tubes calibrated to
0.5 mm. The femoral tunnel was consistently drilled to be the same
diameter as the prepared graft using transportal technique.
Femoral fixation was achieved with an endobutton (ENDO-
BUTTON™, Smith & Nephew) in all cases, while all tibial fixations
were achieved with resorbable interference screw (BIORCI, Smith&
Nephew). A standard ACL postoperative rehabilitation protocol was
used in all patients. The timingwhen patients returned to sport was
individualized and was based on the assessments by orthopaedic
surgeons and physiotherapist.

Statistical analysiswas performed using SPSS (Version 26.0). The
Mann-Whitney U test was used to compare graft size based on
gender. A logistic regression model was employed to evaluate the
correlation of patient age, gender, and graft size with the incidence
of graft failure. P < 0.05 was defined as statistically significant.

Result

A total of 394 cases of primary anterior cruciate ligament
reconstructionwere included. The study population of 394 patients
was 83% male (327 male and 67 female patients) and ranged in age
from 13 to 55 years old (mean, 27.3 years; SD, 8.1 years). The mean
pre-injury Tegner Activity Score was 6.2±0.8 (Range, 4e9). The
mean graft diameter was 7.7 mm (range, 5.5e10 mm) (Table 1).
There was significant difference in the mean graft size between
male (7.8 mm) and female patients (7.3 mm) (P < 0.001).

Graft failure was noted in 20 patients (5.1%) and 14 of them
underwent revision ACL reconstruction. Graft failures occurred at a
mean of 23.2 months after surgery (range, 9e57 months),
excluding 4 outliers inwhich the failure occurredmore than 5 years
postoperatively. No statistically significant difference was noted
between the mean pre injury Tegner Activity Score of the patients
with graft failure and those who didn’t (P ¼ 0.14). The cause of ACL
graft failure in our cohort was all traumatic re-rupture. None of our
patients were found to have tunnel malposition from computed
tomography scan or premature return to sports.

Logistic regression using forward selection with likelihood ratio
test showed increased age (P ¼ 0.10), increased graft diameter
(P¼ 0.003) and the female subjects (P¼ 0.25) to be associated with
reduced risk of failure. However only graft diameter was shown to
be the significant factor (Fig. 1). Both the female gender and patient
age were not noted to be an independent predictor of graft failure
when graft diameter was taken into account.

Graft failure was noted in none of the 30 patients with grafts
Table 1
Graft diameter by Gender.

Graft diameter Male patients Female Patients Total

5.5 mm 1 0 1
6 mm 2 2 4
6.5 mm 6 6 12
7 mm 60 29 89
7.5 mm 49 14 63
8 mm 148 15 163
8.5 mm 31 1 32
9 mm 25 0 25
9.5 mm 3 0 3
10 mm 2 0 2
Mean size 7.8 7.3 7.7
greater than 8.5 mm in diameter, 4 out of 195 patients (2.1%) with
8.5- or 8-mm diameter grafts, and 16 of 169 patients (9.5%) with
grafts 7.5 mm or less in diameter (Table 2). Graft failure was noted
to occur at a significantly lower rate in grafts 8 mm or greater in
diameter by Chi Square test (P ¼ 0.001) with relative risk of 0.19.

Discussion

ACL reconstruction is one of the most commonly performed
orthopaedic procoedures.10 Several options for graft choice are
available and autologous single bundle hamstring graft is most
commonly used.11 Although the results of ACL reconstruction have
generally been favourable in restoring the knee stability, there is
still a rate of 1.8%e10.4% of graft failure rate.12,13

In 1999, a biomechanical study conducted by Hamner et al. has
shown that the strength of hamstring graft increased with
increasing graft diameter.14 Later in 2012, Magnussen et al.7 found
that grafts of 8 mm or less in diameter was associated with sig-
nificant increase in the rate of revision ACL surgery. Mariscalco el
al15 published their findings of the (MOON) cohort study and found
that the revision ratewas 0% if graft larger than 8.5mmwas used. In
2014 Conte el at published a systematic review showing that the
relative risk of graft failure was 6.8 times greater when graft of less
than 8.5 mm was used.16 The 8.5 mm cut-off was echoed by two
further studies published more recently.17,18

It must be emphasized that the aforementioned studies were
conducted in Europe and North America with predominant ethnic
Caucasian patients. There is relatively little literature with regards
to the optimal graft diameter for ACL reconstruction in Asian
population. Inevitably, variability exists in the population in terms
of hamstring size, and therefore the graft diameter. Recent studies
have shown that a difference in the knee anthropometry may exists
between Caucasians and Asians. Ho et al. published his findings on
Singaporean patients showing that the median graft diameters for
female and male patients were 7 mm and 8 mm respectively,19

while Xie et la revealed the median to be 7.5 mm.20 Therefore,
based on the current available evidence, we did not know whether
the graft diameter ‘cut-off’ of 8.5 mm could still be applied to our
patients who are predominantly ethnic Chinese.

The purpose of this study was to firstly, investigate the rela-
tionship between graft failure rate and graft diameter among Chi-
nese patients after ACL reconstruction with hamstring tendon
autografts. And secondly, to see if the ‘cut-off’ point of 8.5 mm that
are so commonly quoted in the European and American studies
could be applied to our Chinese patients.

In our cohort of patients, we were able to demonstrate that an
increase in hamstring graft diameter is associated with a reduced
graft failure rate. When comparing to the European and American
studies, we noted that a graft diameter of 8 mm could already
reduce the risk of graft failure significantly. As in our study, Park
et al.8 reported statistically significant difference in a Korean cohort
when patients were classified as < 8.0 mm and � 8.0 mm. The
difference in results from western literature could be partly
attributed by racial anthropometrical difference between the
studied populations as the mean graft diameter of our cohort
(Table 1) was smaller than that of reported from European and
American counterparts.21

A number of studies reported that female gender to be a risk
factor for graft failure.22,23 Several studies have also reported a
higher graft failure rate in young and more active patients.7,24,25

However, only graft size was shown to be an independent predic-
tor of graft failure in our logistic regression analysis. We noted in
our series that 76% of female patients and 36% of male patients had
graft at risk for failure based on size (<8 mm in diameter). This
gender based difference in graft size may have act as a confounding



Fig. 1. Predicted Probability of Graft Failure by Graft diameter using Logistic Regression Analysis.

Table 2
Graft failure rate by Graft Diameter.

Graft Diameter Patient Age (Mean±SD) No. of Patients Graft failure % failed

>9 mm 25.4±8.4 5 0 0
9 mm 26.7±6.9 25 0 0
8.5 mm 25.6±6.5 32 0 0
8 mm 27.6±7.8 163 4 2.5
7.5 mm 27.8±9.6 63 9 14.3
7 mm 26.9±7.4 89 6 6.7
<7 mm 28.4±12.0 17 1 5.9
All 27.3±8.1 394 20 5.2
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variable in previous studies.
Many factors contribute to graft failure after ACL reconstruction.

What we are able to describe in this study is that a smaller
hamstring graft diameter is a contributor. And a graft diameter of
8mmor larger is associatedwith a significant risk reduction in graft
failure. The ‘cut-off’ for our Chinese patients is 8 mm. There are
obviously other factors that have to be considered, including pa-
tient’s age (7,24, 25) and tunnel positioning.26e28 Therefore, larger
graft size should not be the single ultimate goal of ACL
reconstruction.

Different limitations can be attributed to this study. Firstly, it
had a retrospective design with lack of randomization. These lim-
itations may introduce bias into our data collection. Secondly, the
review was done using the electronic record system of the Hospital
Authority in Hong Kong. Wemight have missed those patients with
post-ACL resonstruction graft failure who were not admitted to the
Hospital Authority hospital system. However, we believed it is not a
usual practice for patients with post-operative complications to
seek help from doctors other than those who did the initial sur-
geries at our locality. And even if that is the case, it would be highly
unlikely for the doctors performing the revision surgeries not to
notify the initial operating surgeons.

It should be noted that one of themajor limitation of our study is
the lack of female representation within our sample population.
Despite significant smaller graft size in our female subjects, a much
lower graft failure rate was noted when compared to the male
counterpart. This seemingly contradicting results could be due to
the lack of statistical power as a result of relative small sample size
of female subjects. Further large scale prospective study will be
needed to assess the validity of our study.
Conclusion

Decreased hamstring autograft size is demonstrated to be a
reliable predictor for graft failure and hence subsequent revision. In
Chinese patients undergoing ACL reconstruction, the use of
hamstring autograft 8.0 mm in diameter or more is associated with
lower failure rate and revision rate. Based on the evidence pre-
sented, race could be another factor to be considered in predicting
hamstring graft failure in ACL reconstruction.
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