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Hamstring tendon autograft better than bone–patel-
lar tendon–bone autograft in ACL reconstruction—a 
cumulative meta-analysis and clinically relevant sen-
sitivity analysis applied to a previously published 
analysis
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Sir—We have read with interest the work by Pool-
man et al. (2007), which uses the data from our pre-
viously published meta-analysis (Biau et al. 2006) 
on the comparison of hamstring tendon autografts 
versus bone—patellar tendon—bone autografts for 
reconstruction of the anterior cruciate ligament. In 
their article the authors develop two ideas: the use 
of cumulative meta-analyses and the use of sensi-
tivity analyses. Although the authors are undoubt-
edly willing to give readers more information on 
the topic we believe their conclusions may be 
flawed.

Cumulative meta-analyses have been developed 
to look for a trend in treatment effect based on a 
covariate. The classical funnel plot of the meta-
analysis is therefore ordered by increment of the 
variable studied, for instance chronologically by 
date of publication as in the seminal report by Lau 
et al. (1992), or by duration of exercise therapy as 
in the article by Kwakkel et al. (2004). The interest 
of a cumulative meta-analysis ordered by date of 
publication, as indicated by the authors, is that it 
may show the time at which sufficient evidence of 
the superiority of one treatment over another has 
accumulated. At that point two conclusions may 
be drawn: first, randomised controlled trials con-
ducted after that time have unnecessarily exposed 
participants to the risks and burden of medical 
research and should not have been performed, and 
second, there should have been a change in surgical 
practice. In their article, Poolman et al. technically 
showed that randomised controlled trials after the 
year 2001 did not change the conclusions regard-

ing the outcome “anterior knee pain”. However, 
we would like to notify that this result does not 
preclude the conduction of randomised controlled 
trials or of meta-analyses following that date. First, 
the basis for conducting randomised controlled 
trials in the context of anterior cruciate ligament 
reconstruction is not just anterior knee pain, but 
also knee stability. Despite improvements in sur-
gical techniques investigators have not proved 
the superiority of the hamstring tendon autograft 
reconstruction as yet and many still believe that the 
bone—patellar tendon—bone yields better stabil-
ity and consider it an attractive option. Therefore, 
randomized controlled trials are still necessary, 
and welcome, to clarify this issue and there are 
no reasons to believe that trials performed after 
the year 2001 were superfluous. Second, the evi-
dence obtained from a meta-analysis is not definite 
nor should it be considered as doubtless, and sur-
geons preferring the bone—patellar tendon—bone 
autograft for reconstruction of the anterior cruci-
ate ligament could argue that the evidence of the 
superiority of the hamstring tendon autograft with 
regard to anterior knee pain accumulated by the 
end of the year 2001 was not sufficient to change 
their practice. The quality of the trials available 
for a meta-analysis has a major influence on the 
strength of evidence a meta-analysis yields, and it 
is believed by some researchers that the quality of a 
meta-analysis is that of the worst trial included. By 
the year 2001, none of the seven randomised con-
trolled trials reported had a high quality score and 
readers could have doubted the conclusions of any 
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meta-analysis conducted at that time, and could still 
do at present. Moreover, the rationale for initiating 
a meta-analysis at a time ‘t’ is only based on the 
available evidence at that specific time. Whether or 
not it is the best time, we don’t control time and 
it makes no difference that enough evidence could 
have been accumulated earlier if it had not been 
reported. Last, the authors wrongly conclude that 
their “cumulative meta-analysis strengthens the 
evidence for reduced morbidity using hamstring 
tendon autograft”: a cumulative meta-analysis 
does not give more evidence than a standard meta-
analysis including the same trials, and it yields 
exactly the same results. However, because suc-
cessive tests are being performed, a cumulative 
meta-analysis conveys an increased risk for type I 
error, and the authors have not accounted for this 
important statistical issue.

The authors also stated that we had not used sen-
sitivity analyses optimally and they compared the 
treatment effects of studies using an Endobutton 
for femoral fixation to studies using other types of 
fixation. Based on the fact that the treatment effect 
was not significant in the former group and sig-
nificant in favour of the bone—patellar tendon—
bone in the latter group of studies, the authors 
concluded that “sensitivity analysis focusing on 
state-of-the-art hamstring graft fixation techniques 
further weakens the evidence that bone—patellar 
tendon—bone autografts provide better stability”. 
However, there are many reasons to believe their 
conclusions are flawed. First, in the trials included 
in our meta-analysis patients were not randomised 
upon the type of fixation employed for the recon-
struction procedure but on the type of autografts 
used, and given the limited trust one should have 
on the results of subgroup analyses (Brookes et 
al. 2001), as a rule, the conclusion of a trial, and 
even more of a meta-analysis, should not be upon 
subgroup findings. Second, Poolman et al. ratio-
nale for choosing this subgroup was adapted from 
the conclusions of another previously published 
meta-analysis, namely the work by Prodomos et 
al. (2005). However, this meta-analysis does not 
give enough methodological certainty to support 
their rationale and was indeed recently rated by the 
same authors as one the poorest meta-analysis ever 
published in the domain (Poolman et al. 2007). 
Third, another reason we did not perform subgroup 

analyses based on the type of fixation is that we 
had no way to differentiate between fixation effect 
and other effects such as centre effect, period 
effect, patients characteristics, etc, and we decided 
that the conclusions we would obtain would not be 
supported enough. Therefore, we did not plan these 
analyses a priori and having no statistical hetero-
geneity there was no reason to perform subgroup 
analyses a posteriori. Poolman et al. stated that 
although we “did not find statistical heterogeneity, 
clinically relevant differences between studies did 
skew the results”. It is true that our results were pos-
sibly skewed but despite the limited place we were 
allowed in the discussion we did state that “techni-
cal issues (such as cycling of the graft, degree of 
knee flexion and graft tension when securing the 
graft, and fixation devices) cannot be analysed in a 
meta-analysis based on aggregate patient data, and 
ideally data from individual patients should be ana-
lysed”. Fourth, and more importantly, the authors 
wrongly conclude that, because the treatment effect 
in the group of studies using other types of fixation 
than the Endobutton is significantly in favour of the 
bone—patellar tendon—bone autograft when it is 
not significantly different in the group of studies 
using Endobutton, “state-of-the-art hamstring graft 
fixation techniques further weakens the evidence 
that bone—patellar tendon—bone autografts pro-
vide better stability”. However, the authors have 
not used interaction tests as we did in the original 
manuscript, and their conclusion is not statistically 
founded. Based on the interaction test by Gail and 
Simon (1985) there is no evidence for variation in 
the treatment effect upon the fixation technique: the 
P-value is 0.34, namely, assuming there is no effect 
of the fixation technique on the treatment effect, 
the authors had 34% chances to observe the results 
they obtained or more extreme results. Therefore, 
the authors have failed to give further evidence 
that bone—patellar tendon—bone autografts pro-
vide better stability. Finally, aggregate patient data 
meta-analyses have shown limitations and ideally 
meta-analyses on patient level data should be pre-
ferred to carry out detailed data checking, adjust 
for potential confounding factors, and better esti-
mate the effect of treatment (Stewart and  Parmar 
1993). As a matter of fact, we have recently sub-
mitted a meta-analysis based on patient level data 
of seven randomised clinical trials where we found 
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that the bone – patellar tendon – bone autograft 
provides better stability than the hamstring tendon 
autograft and that it remains an attractive option 
for reconstruction of the anterior cruciate ligament 
reconstruction (Biau et al. 2007).

In conclusion, the more meta-analyses are per-
formed, the more scepticism they encounter among 
the medical community and because with the devel-
opment of statistical softwares it has become easier 
to perform analyses, we should all make sure that 
the results and conclusions we present are strongly 
supported by sound statistics and methodology. As 
the authors rightfully remind us at the end: “data 
dredging can lead to flawed conclusions and can 
mislead readers”.
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Sir—We are glad to see our provocative manuscript 
raised discussion. We thank Biau et al. for their 
critical remarks and are happy to clarify the issues 
raised. Unfortunately Biau et al. missed the pur-
pose of our manuscript: acknowledging feasibility 
of subgroup analysis based on a priori hypothesis. 
Thus, we did not embark on a data fishing expedi-
tion, as well, we warn readers for a sensible use 
of sensitivity analysis. We merely used Biau and 
co-workers’ work as a compelling example. We 
choose two illustrations helpful to exemplify our 
aim: cumulative meta-analysis and a subgroup 
analysis based on surgical technique. 

Cumulative meta-analysis

Our cumulative meta-analysis clearly shows a 
trend, this trend only illustrates the sample size 
needed to reach conclusions and does not under-
mine the need for new RCTs finally clarifying opti-
mal graft choice for ACL reconstruction based on 

other, clinically relevant outcomes. Clearly, with 
accumulating numbers anterior knee pain became 
more evident in the Bone Patellar Tendon Bone 
group. Although we argue that statistical correction 
for multiple outcomes is not needed for this occa-
sion, even with a Bonferonni correction (Bland and 
Altman 1995) our results stand. 

It was never our intent to advise against future 
RCTs comparing hamstring tendon autograft with 
bone patellar tendon bone autograft ACL recon-
struction, we even encouraged embarking on such 
a trial in our review of systematic reviews on ACL 
reconstruction (Poolman et al. 2007). Moreover, 
our cumulative meta-analysis certainly justifies 
the conduct of an RCT and may help focussing the 
research question on a functional outcome mea-
sure. This future study should not be powered on 
anterior knee pain, but on patient orientated out-
come including stability. Interestingly, Biau and 
co-workers decided not to publish their meta-anal-
ysis on functional outcome in their BMJ manu-
script (Biau et al. 2006), but in a separate publica-
tion (Biau et al. 2007).

Sensitivity analysis

First, Biau et al. confuse clinical heterogeneity and 
statistical heterogeneity. This is a key element of 
our manuscript. Although statistical testing may not 
reveal statistical heterogeneity, a strong biological 
rationale can easily identify sources for inter study 
differences (Hopayian 2001). We analyzed one 
example discussed by Biau et al., but not analyzed 
in their meta-analysis: graft femoral fixation tech-
nique (Biau et al. 2006). Our analysis illustrated 
the complicated nature of conducting meta-analy-
ses that leaves it open for discussion. We agree with 
Biau et al. that many confounding factors, such as 
differences between centres, exist. The most sound 
scientific way to definitively answer the optimal 
graft choice and fixation in ACL reconstruction 
will be a sufficiently and appropriately powered 
RCT resulting in pure data and unbiased findings 
overcoming the issues discussed and analysed in 
our manuscripts.

Second, Biau et al.’s interaction test suggest 
only 34% chance of proving our result in error, 
thus 76% chance that we did conclude the correct 
conclusion form our sensitivity analysis. Still, our 
choice remains a sensible subgroup hypothesis and 
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point estimates suggest a possible difference that 
requires confirmation in future randomized con-
trolled studies.

Patient-based meta-analysis

We applaud Biau and co-workers’ endurance 
embarking on a patient based meta-analysis. This 
type of meta-analysis has certainly advantages, 
but poor design in primary study always stays the 
weakest link (Hopayian 2001, Lyman and Kud-
erer 2005). Only 4 of the 18 studies included in 
Biau’s meta analyses had optimal study design, the 
mainstay had considerable methodological short-
comings. Therefore, the results of a patient based 
meta-analysis drawn from these poor studies are 
likely subject to considerable amount of biases and 
will only add confusion among clinicians. “A meta-
analysis is like a Mediterranean bouillabaisse—in 
concert, all ingredients will enhance its delight-
ful flavour but, no matter how much fresh fish is 
added, one rotten fish will make it stink.” (Messerli 
1985, Hopayian 2001).

The only conclusion that can be drawn from 
the currently available ACL bouillabaisse is, as 
we stated in our review of overlapping systematic 
reviews: “The issue of graft choice will ultimately 
be resolved with a large, appropriately powered, 
randomized trial comparing alternative approaches 
to anterior cruciate ligament reconstruction utiliz-
ing a validated patient-orientated outcome instru-
ment to measure a clinically relevant treatment 
effect. Ideally, this would be a multi-center, exper-
tise-based trial to facilitate generalizability of its 
results.” (Poolman et al. 2007). Any meta-analysis 
based on the currently available data, literature 
based or patient based, will not change this conclu-
sion and may certainly have a sub-optimal flavour.
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