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Current concepts

 ► There is increasing scientific evidence that 
patellar tendon has lower failure rate than 
hamstring autograft in anterior cruciate 
ligament reconstruction.

 ► This difference is greater in high- risk profile 
patients (young patients and females).

Future perspectives

 ► There is a need to assess if bone–patellar 
tendon–bone is superior to hamstring in 
other postoperative areas (return to sport, 
pain, functional outcomes, laxity, long- term 
osteoarthritis).

 ► New techniques (multistrand hamstrings, 
addition of an anterolateral procedure) or 
other autografts (quadriceps tendon, peroneal 
tendon) need to be assessed in a large scale to 
properly compare their results with the patellar 
tendon or hamstrings.

AbsTrACT
Hamstrings and patellar tendon (PT) are the most 
common autografts used to perform anterior cruciate 
ligament (ACL) reconstructions. The debate to know 
which graft should be better has been going on for 
decades. However, in relation to underpowered studies, 
no strong conclusions have been drawn until recently. 
Indeed, there was a need for a greater magnitude of 
data and assessment of specific population to properly 
compare these grafts. Our objective was to provide a 
current review based on recent scientific publications 
with high level of evidence. Registries have provided 
conclusive information. The Scandinavian registry showed 
lower failure rate for bone–patellar tendon–bone (BPTB) 
versus hamstring tendon (HT) at 5- year follow- up in 
over 45 000 patients (2.8% vs 4.2%; p<0.001). In the 
Norwegian registry, with 12 643 patients included, 
higher revision rates were recorded in HT graft versus 
BPTB graft at all follow- up times (2.8% vs 0.7% at 
2 years and 5.1% vs 2.1% at 5 years). Moreover, as 
far as high- risk profile patients were concerned, this 
difference was even more significant. This trend has also 
been confirmed more recently in a study when assessing 
young females, showing that the failure rate amounted 
to 6.4% in the PT group while it reached 17.5% in the 
HT group at 3.7- year follow- up (p=0.02). ACL graft 
selection should be a discussion between the physician 
and the patient, taking into consideration age, activity 
level and occupation. Within the high- risk patient group 
however, scientific evidence supports the PT as the gold 
standard for ACL reconstruction.

InTroduCTIon
When it comes to choosing the right graft for an 
anterior cruciate ligament reconstruction (ACLR), 
numerous criteria require consideration. The ideal 
graft does not exist, but there is room for discus-
sion around the topic. The most important factor is 
failure rate, but other criteria such as contralateral 
anterior cruciate ligament (ACL) rupture, return 
to sport rate, complications, functional outcomes, 
meniscal tears or postoperative pain should be 
taken into account. The two most popular grafts are 
bone–patellar tendon–bone (BPTB) and hamstring 
tendon (HT).

Potential drawbacks of a BPTB autograft include 
the risk of anterior knee pain, patellar fracture, 
patellar tendon (PT) rupture, quadriceps weak-
ness and donor site morbidity, while the disadvan-
tages of an HT autograft include hamstring pain, 
decreased hamstring strength, increased joint laxity 
and delayed graft- tunnel healing with more tunnel 
enlargement. HT is the most used graft in New 

Zealand (NZ), as shown in the 2018 registry, and 
Europe.1

Data from registries, meta- analysis and 
randomised controlled trials (RCTs) have provided 
a comprehensive overview of graft results; HT graft 
is linked with greater residual laxity than other 
autografts2 and BPTB graft results in increased 
postoperative anterior knee pain or kneeling 
discomfort. Nevertheless, there are very few differ-
ences that have been clearly demonstrated between 
these two reconstruction techniques and the graft 
choice depends on surgeons’ experience. Histori-
cally, studies have suggested no difference between 
HT and BPTB outcomes.

We can argue that the majority of studies:
1. Were published before 20103–5 when older tech-

niques where used.
2. Consisted of small control group (underpow-

ered).6–8

3. Showed some methodological limits with no ro-
bust RCTs.9 10

4. Included results from all ACLR patients, with 
no specification of the risk profile.2

Not surprisingly, meta- analysis failed to reveal 
differences between the two grafts.11 12 There is a 
need for a greater magnitude of data and assess-
ment of specific population to properly compare 
these grafts.

While large patient cohorts extracted from 
registry data are assumed to be powerful and 
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reliable, these are often unqualified sample groups, without age, 
sex or sport level activity. Their interpretation therefore should 
be questioned. ACLRs tend to be a very successful procedure, 
thus it is hard to find differences and draw any solid or compel-
ling conclusions.13 Yet, surgeons tend to use BPTB graft specif-
ically for high- risk patients, this is proven by the fact that the 
contralateral ACL rupture rate is higher when a BPTB autograft 
is used14 than an HT. Such high- risk groups include patients 
under 20 years old who play high level cutting and pivoting 
sport, have hyperlaxity and/or a concomitant medial collateral 
ligament or a meniscal root injury. Of course, this predisposed 
graft choice is the main bias of all of these studies. Despite the 
increased use of BPTB in high- risk groups, lower graft rupture 
rates have been reported compared with HT graft when larger 
number studies are considered. Recent data confirm this trend.

resIduAl lAxITy
There is scientific evidence that the residual laxity after an ACLR 
is higher with HT autografts than BPTB autografts.15 16 Cris-
tini et al demonstrated this over a large sample group (5462 
primary ACLRs at 1- year follow- up), including 692 BPTB and 
4770 HT, with a significant increase in postoperative knee laxity 
for HT versus BPTB (2.7±2.2 mm vs 1.7±2.6 mm, p<0.001). 
A significantly higher rate of postoperative side- to- side differ-
ence >5 mm was found in the HT group compared with BPTB 
group at 1- year follow- up (4.3% vs 2.4%, p<0.001). Kim et al15 
showed that in a high- risk population (hyper laxity), the postop-
erative laxity at 2 and 5 years was significantly greater when HT 
was used in comparison to BPTB (3.5±1.4 vs 2.7±1.4 at 2 years, 
p<0.001; 4.4±1.8 vs 3.2±1.8 at 5 years, p<0.001). These data 
were confirmed by subsequent large sample studies by Li et al17 
and Golblatt et al.18

GrAFT FAIlure
A large registry- based study in Scandinavia19 that included all 
ACLR in over 45 000 patients found the revision rate to be 
significantly lower in BPTB graft group at 5- year follow- up 
compared with the HT graft group (2.8% vs 4.2%, respectively, 
p<0.001). The lower risk of revision in the BPTB group was 
consistently observed across all subgroups including patient sex, 
age and concomitant cartilage injury.

In the Norwegian registry,1 with 12 643 patients included, 
higher revision rates were recorded in HT graft versus BPTB 
graft at all follow- up times (2.8 vs 0.7 at 2 years and 5.1% vs 
2.1% at 5 years). When adjusted for sex, age and type of graft, 
the HR for revision was 2.3 (95% CI 1.8 to 3.0) for HT grafts 
compared with BPTB grafts. In response to these 2014 find-
ings, the Norwegian ACL surgeons have increased the number 
of BPTB ACLRs they perform. In 2010, 78% of ACLRs were 
hamstring and 18% were BPTB. In 2017, 33% were hamstring 
while 56% were BPTB, over a threefold increase in 7 years.

In 2014, Rahr- Wagner et al20 reported a 5- year risk of graft 
failure of 4.45% for HT autografts versus 3.03% for BPTB auto-
grafts in 13 647 Danish patients, reflecting a 1.9% increase rela-
tive risk of graft failure with HT autografts.

Rousseau et al14 assessed 958 patients and showed that the 
percentage of patients with graft rerupture was significantly 
lower in the BPTB group than that seen in the HT group (3.1% 
vs 7%, p=0.023) at 2- year follow- up.

Maletis et al,21 based on the Kaiser Permanente Registry, 
published a higher failure rate with HT than BPTB (2.37 vs 1.94) 
over 17 436 procedures at 2.4- year mean follow- up. The HR 
was 1.53 (95% CI 1.16 to 2.02, p=0.002).

HIGH-rIsk pATIenTs
If we consider high- risk graft rupture patients, several studies 
show that the BPTB graft has a lower failure rate than HT graft. 
Laboute et al22 followed 955 athletes who underwent ACLR 
with HT or BPTB grafts. The results demonstrated a significant 
difference in the rate of graft failure (6.5% for HT graft vs 2.1% 
for BPTB grafts) with an adjusted OR of 3.64, 95% CI (1.55 to 
10.67); p=0.007.

Ekeland et al23 recently assessed 14 201 patients who regularly 
partook in high- risk sporting activities (skiing, soccer, handball) 
and underwent ACLR. The results demonstrated that the corre-
sponding HR for graft type was 1.8 times higher for HT grafts 
than for BPTB grafts (p<0.001), but 2.8 times higher for individ-
uals aged ≤18 years (p<0.001). The 12- year survival of BPTB 
grafts was 96% compared with 93% for HT grafts (p<0.001).

This trend has also been confirmed more recently when 
narrowing the sample group to consist only of young females. 
This population is known to be at a higher risk of ACL rupture 
than men and rupture their ACL more frequently in relation to 
an increasing participation in sports activities.24 Therefore, if 
graft type can reduce failure rates, graft choice would be of para-
mount importance. There is increasing evidence to suggest that 
the use of BPTB instead of HT graft for this patient group25 is 
recommended. A recent study published by Salem et al26 showed 
a significant difference between these two reconstructions in 
young female athletes aged 15–20 years. Indeed, the failure rate 
accounted for 6.4% in the BPTB group, while it reached 17.5% 
in the HT group at a mean follow- up of 3.7 years (p=0.02). 
Interestingly, this difference was not observed in females aged 
21–25 years. Shakked et al27 assessed young women (15–25) and 
showed that failures of the graft occurred in 2.7% patients of 
the BPTB group compared with 21.4% patients of the HT group 
(p<0.02) at final follow- up. It has been demonstrated that both 
female and younger patient groups have a higher risk of ACL 
graft rupture, thus taking into account these two patient profiles 
is critical when considering graft selection. In a study presented 
at the 2019 ISAKOS meeting,28 based on the NZ registry data, 
the rupture rate was significantly lower in this population 
when BPTB was used in comparison to HT at 2- year minimum 
follow- up (0% vs 5.1%; p=0.023).

ConTrAlATerAl ACl rupTure
As mentioned previously, BPTB grafts are linked with more 
contralateral ACL ruptures than other grafts.14 29 Thompson et al 
found a 2.2 times higher failure rate for BPTB grafts in compar-
ison to HT. This difference was statistically significant. Likewise, 
Rousseau et al observed the same trend. Webster et al,7 over a 
15- year follow- up study, found more contralateral rupture rate 
in the BPTB group than in the HT one but this difference was 
not statistically significant. However, Andernord et al30 studied 
9061 ACLRs at 5- year follow- up and did not find any signifi-
cant difference between these two groups. This was confirmed 
recently by Pierce et al31 who did not find any difference in the 
contralateral ACL rupture rate between the two grafts. Thus, 
the statement that BPTB leads to more contralateral failure rate 
is quite controversial. There are multiple reasons to explain the 
trend towards more contralateral ACL tears in the BPTB group, 
but the main one is certainly that patients from this group do not 
have the same risk profile as patient from the HT group. Indeed, 
in most places, graft choice depends on patients’ profile and the 
tendency is to use a BPTB for patient with a high risk of rerup-
ture. Thus, the likelihood of having a contralateral ACL tear is 
increased in this group of patients who already sustained an ACL 
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injury. On the contrary, low profile athletes or patients over 30 
years old generally have an HT graft.

Of course, graft rupture rate is not the only criteria to take 
into consideration when it comes to graft selection in ACLR. 
Most studies do not assess causes of failure, and we know that 
more than two- thirds are related to technical errors.32 However, 
other critical criteria like return to sport, laxity, return to the 
same level of sport do not show significant differences when 
large sample groups are assessed. “In addition to graft choice, 
the surgeon must also decide which surgical technique to use. 
Anteromedial and transtibial techniques are the most commonly 
used, with most orthopaedic surgeons using the anteromediel 
technique, as it allows for unconstrained anatomic placement of 
both the tibial and femoral tunnels”.33

donor sITe morbIdITy
Anterior pain remains a controversial issue and is a common 
reason for not choosing the BPTB graft. Rousseau et al14 reported 
no difference at 2- year follow- up between HT and BPTB while 
there were more patients complaining of anterior knee pain in 
the BPTB group at 1 year. Minimal invasive harvesting tech-
niques could assist in pain reduction.34 35 Moreover, to avoid 
patellar fracture or PT rupture, smaller bone block harvests can 
be performed. Anterior knee pain or kneeling pain are higher 
with BPTB than other grafts,36 and functional scores are variably 
in favour of HT16 37 or similar between these two grafts.38 39 The 
knee flexion strength is reduced with HT grafts and it is not clear 
if return to sport is better with one or the other graft.

In order to avoid BPTB complications, there is a growing 
interest in use of the quadriceps tendon40 (QT) as a primary 
graft. Cavaignac et al41 showed the use of the QT graft leads to 
an equal or better patient- reported outcomes and less residual 
laxity in comparison to an HT graft over a mean follow- up of 
3.6 years. Additionally, it was not associated with an increased 
morbidity in comparison to the HT tendon, yet clearly avoids 
the previously discussed complications associated with the BTPB 
graft.

Mouarbes et al42 recently published a meta- analysis, 
concluding that “QT autograft had comparable clinical and 
functional outcomes and graft survival rate compared with BPTB 
and HT autografts. However, QT autograft showed signifi-
cantly less harvest site pain compared with BPTB autograft and 
better functional outcome scores compared with HT autograft”. 
Notwithstanding, the failure rate in high- risk patients is still to 
be assessed through registry data and or RCTs to state the supe-
riority of the QT graft. The Danish Registry43 reported a greater 
failure rate with QT grafts. They showed a 4.9% failure rate for 
QT, a 2.7% failure rate for HT and a 1.6% failure rate for BPTB. 
Both all soft- tissue QT grafts and QT grafts with a bone block 
had a similar failure rate.

ConClusIon
Despite an abundance of new technologies and advances in this 
surgical field, BPTB still has the lowest failure rate and is more 
commonly performed in patients who are considered high risk. 
Complications after BPTB harvest can be debilitating and can 
have serious long- term consequences. Consequently, the deci-
sion to use this graft instead of lower morbidity grafts like HT, 
quadriceps tendon or allograft has to be justified by significantly 
better results. In the case of high- risk patients, specifically young 
female patients, this certainly appears to be the case. Thus, 
BPTB is becoming more popular among surgeons, particularly 

in NZ where 90% of sports knee surgeons use BPTB in high- risk 
patient. Similar trends have also been noted in Scandinavia.
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