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Abstract
Purpose  Multi-stranded hamstring-tendon autografts have been widely used for anterior cruciate ligament reconstruction 
(ACLR) surgeries. Recently, smaller diameter hamstring autografts have been linked with the risk of failure or graft rupture. 
However, there is limited evidence concerning the optimal diameter of the hamstring autografts for ACLR. The current 
systematic review and meta-analysis analysed the association of ACLR failure with the diameter of hamstring autografts.
Methods  A systematic search of three major scientific databases (Pubmed, EMBASE, and Cochrane library) was conducted 
to identify studies that presented ACLR failure-related outcomes with different diameters of hamstring autografts. The pooled 
data from the included studies were analysed to investigate the association between ACLR failure and the cut-off diameters 
of 6, 7, 8, and 9 mm. Subgroup analyses based on the level of evidence and follow-up duration were also performed at each 
cut-off diameter.
Results  Of the 2282 studies screened, 16 reported failure rates with hamstring autografts of different diameters, 15 of which 
were included in the meta-analysis. A graft diameter ≥ 7 mm was associated with significantly lower ACLR failure rates than 
a graft diameter < 7 mm (p = 0.005), based on pooled data of 19,799 cases. Age < 20 years and higher physical activity were 
associated with significantly higher ACLR failure rates.
Conclusion  The current systematic review suggests that the hamstring graft diameter for ACLR should be more than 7 mm 
considering the significantly higher failure rates with graft diameters less than 7 mm.
Level of evidence  Level IV
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Abbreviations
ACL	� Anterior cruciate ligament
ACLR	� Anterior cruciate ligament reconstruction
BMI	� Body mass index
CENTRAL	� Cochrane Central Register of Controlled 

Trials
CI	� Confidence interval
CS	� Case series

IKDC	� International Knee Documentation 
Committee

NR	� Not reported
PCC	� Prospective case–control study
PCS	� Prospective cohort study
PRISMA	� Preferred reporting items for systematic 

reviews and meta-analyses
RCC​	� Retrospective case–control study
RCS	� Retrospective cohort study
RR	� Risk ratio
WMD	� Weighted mean difference

Introduction

Hamstring tendons are among the most commonly used 
autografts for anterior cruciate ligament reconstruction 
(ACLR) surgeries [21]. The easy harvesting techniques, 
lesser graft site morbidity, and favourable functional 
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outcomes are the significant factors contributing to their 
widespread use in ACLR [30]. However, hamstring auto-
grafts have been reported to carry a higher risk of failure or 
rupture, especially in younger populations, than quadriceps 
and patellar tendon autografts [19, 27]. Recently, hamstring 
autografts with a smaller diameter have been linked with 
the risk of failure or graft rupture [2, 5, 8, 14–16, 22–25, 28, 
33–35]. Subsequently, some authors have advocated increas-
ing the number of strands to increase the graft width [5, 18, 
20]. Few previous reviews attempted to address graft size 
concerns, but those were based on limited clinical evidence 
and included only a few comparison groups [6, 11, 17, 31].

The current systematic review and meta-analysis aimed to 
analyse the risk of ACLR failure secondary to graft rupture 
with hamstring autografts at cut-off graft diameters of 6, 7, 
8, and 9 mm. This analysis intends to propose a safe cut-off 
for the optimal diameter of hamstring autografts for ACLR. 
Currently, the evidence concerning the safety of hamstring 
autografts for ACLR is limited. Due to the limited number 
of studies and patients included in the previous reviews, a 
larger volume-based analysis is desirable for more concrete 
recommendations. Due to variations of the graft diameters 
among individuals and populations, different graft diame-
ters’ safety needs to be investigated. The current systematic 
review and meta-analysis attempt to address the limitations 
of the previous reviews by involving a larger number of stud-
ies, a markedly larger volume of patients undergoing ACLR, 
and inclusion of level II studies that were not included in the 
previous reviews.

Materials and methods

A systematic review and meta-analysis to address the above-
mentioned purpose were conducted according to the stipu-
lated guidelines in the Cochrane handbook of systematic 
review and meta-analysis of interventions.

Searching strategy

Following the preferred reporting items for systematic 
reviews and meta-analyses (PRISMA) guidelines, two 
authors independently searched the Pubmed, EMBASE, and 
Cochrane library databases on May 5, 2020, using the fol-
lowing specific keywords: anterior cruciate ligament, ACL, 
graft, tendon, hamstring, revision, failure, size, diameter, and 
dimensions. A secondary manual search was done by scruti-
nising bibliographies of publications identified for additional 
articles. The Cochrane Central Register of Controlled Trials 
(CENTRAL) was searched to identify any unpublished or 
ongoing trials. The search strategy was not restricted to the 
year of publication or language. The detailed search strategy 
is described in Online Resource 1.

Inclusion and exclusion criteria

Titles and abstracts of all search results were screened to 
include the studies that were relevant to the risk of ACLR 
failure secondary to graft rupture with hamstring auto-
grafts, and full texts of the selected studies were thoroughly 
reviewed by two reviewers. ACLR failure was defined as at 
least one of the following outcomes:

(1)	 Revision ACLR surgery secondary to the graft rupture;
(2)	 radiological evidence of graft rupture during the fol-

low-up period;
(3)	 an absolute displacement of > 10 mm assessed through 

the KT1000 arthrometer [1];
(4)	 anterior tibial displacement of ≥ 3 mm side to side dif-

ference compared to healthy knee [1];
(5)	 a positive pivot shift test graded + 2 or + 3 in compari-

son to the healthy knee, with or without knee pain or 
inflammation [26];

(6)	 Clinical assessment suggestive of International Knee 
Documentation Committee (IKDC) grade C or D [7];

Only studies that had a minimum mean follow-up of 
1 year were included. Editorials, expert opinions, letters, 
abstracts-only publications, reviews, case reports, biome-
chanical and cadaveric studies, animal studies, technical tips, 
and notes were excluded. Studies that analysed the ACLR 
failure secondary to factors other than graft rupture, like 
tunnels malposition and malalignment, inability to return to 
desired activity level, and postoperative complications such 
as infection and stiffness, etc. were also excluded.

Data extraction

The primary author’s name, year of publication, study 
design, level of evidence, the smallest and largest diam-
eter of the hamstring grafts used, the sample size of the 
ACLR performed using hamstring autografts, mean age, 
male–female distribution, and the mean follow-up duration 
of each of the included studies were filled in a prespeci-
fied form. The discrepancies in data charting were settled 
through the reevaluation of the concerned studies and mutual 
discussion.

Quality and risk of bias assessment

In addition to recording the design and level of evidence of 
the included studies, the risk of bias assessment was sepa-
rately performed by two authors. Conflicting opinions were 
settled through discussion and mutual consensus. The New-
castle–Ottawa Quality Assessment Scale was considered for 
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evaluating non-randomised studies [40], and the Cochrane 
Risk of Bias Tool for Randomized Controlled Trials was 
considered for randomised studies [36].

Statistical analysis

Review Manager (RevMan, Version 5.3. Copenhagen: The 
Nordic Cochrane Centre, The Cochrane Collaboration, 
2014) was used to perform a meta-analysis of the included 
studies. The dichotomous data were analysed using the com-
bined estimates of the risk ratios (RR) correlating the ham-
string autograft diameter’s variation to the failure of ACLR 
at the aforementioned cut-off values of hamstring autograft 
diameter. The continuous data were analysed using weighted 
mean differences (WMD) and 95% confidence intervals 
(95% CI) of the diameter of hamstring autografts in ACLR 
failure patients versus those belonging to the non-failure 
group. The dichotomous and continuous data related to the 
influence of factors other than the graft diameters on the 
ACLR failure were analysed in the same way. Studies with 
incomplete dichotomous or continuous data, not contribut-
ing to any of the above-stated analyses, were excluded from 
the meta-analysis. The comparison groups’ analyses, with 
more than 75% of heterogeneity, were not considered due to 
the included studies’ highly non-uniform results [12]. The 
fixed-effect model of analysis was used for non-heterogene-
ous comparisons, and the random-effect model of analysis 
was used for heterogeneous comparisons. Separate subgroup 
analyses for level II and level III–IV studies, and those with 
follow-up of < 2 years and ≥ 2 years were performed at each 
cut-off diameter. A p value of < 0.05 indicated statistical 
significance.

Results

The searching strategy resulted in 2282 results (Pubmed: 
954, Embase: 1184, Cochrane library: 134, others: 10). After 
excluding duplicates (n = 848), 1434 results were consid-
ered for the title and abstract screening. Title and abstract 
screening resulted in 16 relevant studies for the current 
meta-analysis (Table 1). Out of those 16 studies, one study 
(Andernord et al. [2]) had incomplete information for the 
performed quantitative analyses. The remaining 15 studies 
were considered for the meta-analysis (Fig. 1). All included 
studies were non-randomised ones. The risk of bias assess-
ment using the Newcastle–Ottawa Quality Assessment Scale 
for the non-randomised studies suggested a good quality of 
the included studies with all studies scoring ≥ 7.

The detailed results of ACLR failure risk among the 
different dichotomous comparison groups are provided in 
Table 2.

Outcome meta‑analysis

1.	 Influence of graft diameter on ACLR failure: a statisti-
cally significant association (p = 0.0001) was observed 
between the smaller diameter grafts and ACLR failure 
after pooling the data of three eligible studies (Fig. 2) 
[33, 35, 42].

2.	 Failure rates at different cut-off diameters: no statisti-
cally significant differences in ACLR failure rates were 
observed among the comparison groups at the cut-off 
diameters of 6, 8 and 9 mm. According to the follow-up 
duration and evidence level, the differences in ACLR 
failure rates at these cut-off diameters remained statisti-
cally insignificant upon subgrouping. Concerning the 
cut-off diameter of 7 mm, significantly higher ACLR 
failure rates were observed with graft diameter < 7 mm 
compared to graft diameter ≥ 7 mm (p = 0.005, Fig. 3a). 
The results remained statistically significant upon sub-
grouping of this comparison according to follow-up 
duration (≥ 2 years follow-up, p = 0.02), and < 2 years 
follow-up, p = 0.008), and among level III-IV studies 
(p = 0.007). However, no statistically significant differ-
ences were observed in level II studies subgroup.

Additionally, significantly higher ACLR failure rates 
were observed with graft diameter ≤ 7 mm compared to graft 
diameter > 7 mm upon subgrouping into level III–IV studies 
(p = 0.008), and studies with < 2 years follow-up (p = 0.03). 
The results of other comparisons at the cut-off diameter of 
7 mm were statistically insignificant.

Other factors influencing ACLR outcomes

1.	 Age and sex distribution: Analysis was performed at the 
cut-off ages of 20 years and 25 years as those were the 
commonly used cut-off ages among the included stud-
ies. At the cut-off age of 20 years, a significantly higher 
risk of ACLR failure was observed at age < 20 years 
compared to age ≥ 20 years (p = 0.01, Fig. 3b). No sta-
tistically significant association was found at the cut-off 
age of 25 years. Concerning the influence of gender on 
ACLR failures rates, a statistically significant associa-
tion between gender and failure rates could not be estab-
lished.

2.	 Influence of activity level: For the impact of Tegner 
activity scores on ACLR failure rates, the analysis was 
inconclusive considering high heterogeneity levels 
(I2 = 90%). The dichotomous division of the patients 
into high/strenuous activity and low/mild to moderate 
activity levels suggested a statistically significant asso-
ciation of the higher activity levels to the ACLR failure 
(p = 0.003, Fig. 3c).
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3.	 Role of BMI (body mass index): a statistically signifi-
cant association between ACLR failure and BMI at the 
cut-off level of 25 kg/m2 could not be established from 
the available data.

Discussion

The current analysis results suggest that the hamstring 
autograft diameter should be > 7 mm for the ACLR surger-
ies. The failure rates with a graft diameter of < 7 mm were 

Table 1   Studies investigating the ACLR failure rates and their relation to the hamstring autograft diameter

PCS Prospective cohort study, RCS retrospective cohort study, CS case series, RCC​ retrospective case–control study, PCC prospective case–con-
trol study, NR: not reported
#Not all data of the studied subjects were available
**The outcome measurement duration was fixed for all subjects
##Information about follow-up duration was specified only for one particular analysis
*Sample involved in calculating of failure rates
^Data for hamstring autografts not reported

S. No Authors Publishing 
Year

Study design Level of 
evidence

Smallest and 
largest ham-
string graft 
diameter (in 
mm)

Sample size 
(number of 
knee joints)

Mean age 
(years)

Male–female 
distribution

Mean follow-
up (years)

1 Magnussen 
et al. [22]

2011 RCS III  < 7; > 9 256 25 136:120 1.16

2 Kamien et al. 
[16]

2013 RCS III 6.5;11 98 16.99 NR 2**

3 Mariscalco 
et al. [24]

2013 RCS III 6;10 263 25.6 144:119 2**

4 Park et al. 
[28]

2013 CS IV 4.5;10 310 29.8 246:64 4.5

5 Webster et a.l 
[39]

2014 RCS III  < 7, > 9 547 28.5 370:191 4.8

6 Marchand 
et al. [23]

2015 CS IV 8;12 88 29.4 70:18 2.16

7 Andernord 
et al. [2]

2015 PCS II 5;14 4882 25 NA^ 2**

8 Spragg et al. 
[35]

2016 RCC 
(matched 
controls)

III  < 7; > 9 124 cases; 
367 controls

17.6 (cases)
17.6 (con-

trols)

65:59 (cases)
194:173(con-

trols)

1.2 (cases)
2.4(controls)

9 Snaebjörns-
son et al. 
[33]

2017 PCC 
(matched 
controls)

II 7; 10 560 cases; 
1680 con-
trols

21.7 (cases)
21.7 (con-

trols)

296:264 
(cases)

888:792 
(controls)

2##

10 Wernecke 
et al. [41]

2017 CS IV  ≤ 6; ≥ 9.5 735*(783) NR 555:228 3.8

11 Jurkonis et al. 
[15]

2018 PCS II  ≤ 8; > 9 214 33.2 159:55 1**

12 Yamanashi 
et al. [42]

2019 RCS III NR 232 26.1 101:131 1.6

13 Snaebjörns-
son et al. 
[34]

2019 RCS III 5;11 17,096# 26.4 9763:7333 2**

14 Wang et al. 
[38]

2019 PCS II 6;10 179 30 111:68 2.4

15 Inderhaug 
et al. [14]

2020 PCS II 5.5;11.0 4029 29.1 2229:1800 2.5

16 Murgier et al. 
[25]

2020 RCS III 6; 11 731 17.5 356:375 3.21
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significantly higher than those with a graft diameter ≥ 7 mm. 
However, significantly higher ACLR failure rates were 
observed with ≤ 7 mm as well < 7 mm graft diameters in 
the subgroup analyses of level III–IV studies, suggesting 
a preference towards graft diameter > 7 mm. Concerning 
the previously advocated cut-off diameter of 8 mm [6, 11], 
the current analysis could not find a statistically significant 
association at this cut-off diameter. There is limited and non-
supportive evidence for graft diameters ≤ 6 mm. The present 
analysis results support the previous meta-analysis findings 
by Kang et al. [17], which suggested the cut-off diameter of 
7 mm for the hamstring autograft-based ACLR. Their con-
clusions were based on pooled data from 1648 cases and had 
a statistical significance at p = 0.03. However, the present 
comparison included a larger volume of data from 19,799 
cases and still found statistical significance at p = 0.005. 
This comparison further strengthens the applicability of the 
cut-off diameter of 7 mm for hamstring autograft selection. 
The subgroup analyses considering the differences in the 
evidence level, and follow-up durations helped in a more 
comprehensive analysis. The other reviews that investigated 
the graft diameter for ACLR were based on limited evidence. 

While the review by Rahardja et al. [31], predicted the risk 
of ACLR failure with smaller autografts, it could not reach 
substantial conclusions owing to low-quality evidence. The 
current analysis results differ from the findings of the sys-
tematic review by Conte et al. [6], and the narrative review 
by Figueroa et al. [11]. Conte et al. [6], concluded that a 
graft diameter ≤ 8 mm had a 6.8 times higher risk of failure 
than a graft diameter > 8 mm. However, their review was 
based on only three studies (two level-III studies and one 
level-IV study). Two of their included studies had “zero” 
failures with a graft diameter > 8 mm. Thus, their favour-
able conclusions were most likely skewed toward a graft 
diameter > 8 mm. The review by Figueroa et al. [11] had 
quoted the same finding. The current analysis can be con-
sidered more comprehensive because it is based on a larger 
cohort of evidence that analysed five level-II studies, eight 
level-III studies, and three level-IV studies. Moreover, the 
data volume for the analysis of 8 and 7 mm cut-off diam-
eters in previous studies were markedly smaller than the 
present analysis. The systematic review by Kang et al. [17] 
had maintained a follow-up threshold of 2 years. However, in 
the current analysis, studies with a minimum mean follow-up 

Fig. 1   PRISMA (Preferred 
Reporting Items for Systematic 
Reviews and Meta-Analyses) 
flow diagram for the current 
meta-analysis
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of 1 year were included considering that the highest risk of 
rupture is during the first 12 months after ACLR [32]. This 
time frame includes the stage of revascularisation when the 
graft is weakest; by the end of this period, patients usu-
ally return to their pre-injury activities [10]. The follow-up 
duration was not considered in the eligibility criteria in the 
review by Rahardja et al. [31].

All but one of the included studies contributed to the one 
or more segments of the current meta-analysis. The study 
by Andernord et al. [2], due to non-availability of the vari-
ance related data of their results, and subgroup sample sizes, 
could not be added to the pooled analysis. The authors had 
analysed ACLR failure due to graft rupture among 4882 

patients undergoing hamstring autograft-based ACLR. How-
ever, no statistically significant differences were observed at 
different cut-off diameters of the autograft. Their research 
provided an important finding that metal interference screw 
fixation of a semitendinosus tendon autograft on the tibia 
had a significantly reduced risk of early revision surgery. 
Two of the included studies described the proportions of the 
different graft diameters in failure cases and matched con-
trols with a fixed case–control ratio of 1:3 [33, 35]. The stud-
ies concluded that the likelihood of graft rupture decreases 
with an increase in graft diameter. In the current analysis, 
these studies were analysed based on the continuous data 
related to the mean graft diameters in failure and matched 

Table 2   Risk of ACLR failure among the different dichotomous comparison groups

Variable Comparison groups Number of cases Number of studies included Risk ratio 95% 
Confidence 
interval

Statistical 
significance

Graft diameter  > 9  vs ≤  9 mm 522 (> 9 mm); 6520 
(≤ 9 mm)

Nine [14, 15, 21, 22, 24, 27, 
37, 38, 40]

1.13 0.66–1.94 p = 0.65

 ≥ 9 vs < 9 mm 5935 (≥ 9 mm); 17,900 
(< 9 mm)

Eight [14, 21, 24, 27, 33, 37, 
38, 40]

0.98 0.72–1.32 p = 0.89

 > 8 vs ≤  8 mm 2652 (> 8 mm); 
4286(≤ 8 mm)

Nine [14, 15, 21, 23, 24, 27, 
37, 38, 40]

0.85 0.53–1.37 p = 0.51

 ≥ 8 vs < 8 mm 17,851 (≥ 8 mm); 6064 
(< 8 mm)

Eight [14, 21, 24, 27, 33, 37, 
38, 40]

0.81 0.62–1.07 p = 0.14

 > 7 vs ≤  7 mm 6011 (> 7 mm); 
863(≤ 7 mm)

Seven [14, 21, 24, 27, 37, 
38, 40]

0.74 0.51–1.09 p = 0.13

 ≥ 7  vs < 7 mm 19,483 (≥ 7 mm); 404 
(< 7 mm)

Seven [21, 24, 27, 33, 37, 
38, 40]

0.43 0.24–0.78 p = 0.005

 > 6  vs ≤  6 mm 1216 (> 6 mm); 55 (≤ 6 mm) Three [24, 27, 37] 0.65 0.20–2.09 p = 0.48
 ≥ 6  vs < 6 mm No data available from any of the reviewed studies

Age  ≥ 20  vs < 20 years 658 (≥ 20 years); 247 
(< 20 years)

Three [21, 22, 38] 4.65 1.43–15.13 p = 0.01

 ≥ 25  vs < 25 years 150 (≥ 25 years); 127 
(< 25 years)

Two [16, 37] 2.07 0.54–8.01 p = 0.29

Sex Male vs female 11,142 (male); 8288 
(female)

Eight [21, 22, 24, 27, 33, 37, 
38, 41]

0.90 0.72–1.14 p = 0.38

Activity levels High vs low activity levels 363 (high activity); 499 (low 
activity)

Two [27, 38] 3.59 1.54–8.40 p = 0.003

BMI  < 25  vs ≥   25 kg/m2 2,385 (< 25 kg/m2 BMI); 
2,029 (≥ 25 kg/m2 BMI)

Three [14, 22, 27] 1.41 0.76–2.60 p = 0.28

Fig. 2   Forest plot of continuous hamstring graft diameter data suggests a significant association between ACLR failure and smaller graft diam-
eter
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control groups. While these studies examined large sample 
sizes, graft failure’s actual incidence could not be predicted 
due to a lack of continuous cohort-based data.

The biomechanical basis for smaller grafts’ failures is 
their mismatch with the ultimate failure load and stiffness of 
the native anterior cruciate ligament (ACL). The change in 
graft strength with a 1-mm increase in its diameter is most 
remarkable from 6 to 7 mm [3]. This change in strength 
correlates well with a higher failure rate in grafts with diam-
eters < 7 mm. Although the 8- and 9-mm diameter grafts 
would have higher tensile strengths than the 7-mm diameter 
grafts, the clinical applicability of 7 mm diameter autografts 
is not ruled out. The ultimate load to failure for the native 
ACL lies between 1725 and 2160 N, and that of 7-mm diam-
eter hamstring graft is 3263 ± 677 N.

Among the studies that presented the graft diameter dis-
tribution information, the 8-mm diameter graft was most 
prevalent. The 7 mm graft was either the second or third 
most common graft diameter in most studies (Fig. 4) [22, 
24, 28, 34, 38, 41]. The graft diameters less than 7 mm and 
more than 9 mm represented the extremes and were least 

prevalent. The current meta-analysis supports the clinical 
applicability of graft diameters > 7 mm.

In addition to graft diameter, surgeons should also con-
sider various other factors that can influence ACLR out-
comes. A smaller graft diameter and such contributing fac-
tors can further add to the risk of ACLR failure. Young age, 
male gender, and high activity sports participation are the 
crucial factors contributing to a higher risk of graft rupture 
[4, 39, 42]. The evidence supporting shorter height, female 
patients, especially those with small diameter grafts, lower 
body weight, or BMI as risk factors for ACLR failure is very 
limited [22, 28, 39]. Significant association of ACLR failure 
with age < 20 years and higher physical activity levels was 
observed in the present analysis. However, a statistically sig-
nificant association of ACLR failure with gender and BMI 
could not be established. Besides these patient-related fac-
tors, surgeons’ expertise and volume of ACLR surgeries, 
type of grafts, graft fixation techniques and devices, and 
return to sports timing can also impact the ACLR outcomes. 
The ACLR techniques used in the studies included in the 
present analysis were non-uniform. Among the nine studies 

Fig. 3   Forest plots of statisti-
cally significant associations 
of ACLR failure with dichoto-
mously grouped variables. Sig-
nificantly lower risk of ACLR 
failure was observed with ham-
string graft diameter ≥ 7 mm 
(a), with age more than 20 years 
(b), and with lower activity 
levels (c)
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presenting ACLR technique-related information, six stud-
ies had used anatomical ACLR technique [15, 16, 23, 38, 
41, 42], one had used transtibial method [28], and two had 
used both anatomical and transtibial techniques [22, 24]. As 
far as the femoral fixation is concerned, suspensory fixation 
was used in six studies [16, 22, 24, 38, 41, 42], bioabsorb-
able screws were used in two studies [15, 23], bioabsorb-
able cross pins were used in one study [28], and varying 
fixation options were used in three studies [2, 34, 35]. For 
tibial fixation, interference screws with or without additional 
augmentation were used in six studies [15, 16, 22, 23, 38, 
41], conventional screws were used in two [28, 42], and 
variable methods were used in four studies [2, 24, 34, 35]. 
The non-uniform and incomplete data on ACLR methods 
can impact the ACLR outcomes but is beyond the scope of 
the current analysis. The timing for return to sports varied 
between 6 and 12 months with three studies considering 
6 months [16, 22, 24], one study considering seven months 
[23], three studies having variable criteria of 6–12 months 
[42], 8–12 months [15], and 9–12 months for the return to 
sports [41]. Again, this variable rehabilitation can contrib-
ute to the variation in ACLR outcomes, but a quantitative 
analysis could not be performed because of their lack of 
standardisation.

The most optimal ways to prevent graft-related compli-
cations are to anticipate them preoperatively. Preoperative 
magnetic resonance imaging and ultrasound have recently 
been used to predict hamstring graft diameters with reason-
able accuracy [9, 37]. Ho et al. [13] found a positive correla-
tion of the patient’s height and weight with graft diameter 
and derived separate equations for male and female patients.

When smaller hamstring autografts are predicted, sur-
geons have a choice to either opt for alternative autografts, 
such as patellar tendon and quadriceps or increase the 
strands of the hamstring autograft. Five strand autografts 
have been used for patients with a quadruple graft diam-
eter < 7 mm, and have low revision rates (comparable to 
8 mm quadruple grafts) [5, 18]. The allograft augmentation 
may appear as an attractive alternative for smaller grafts; 
however, the current evidence does not support that. Instead, 
some evidence suggests that allograft augmentation may 
increase failure rates [17, 29].

There are some limitations of the current analysis. First, 
due to the lack of randomised level I evidence, and only a 
few level II studies, most of the interpretations were based 
on level III and IV studies. It may be challenging to perform 
level I studies for ideal graft diameter for ACLR considering 
the ethical concerns, and individual variations in graft diam-
eters. The subgroup analyses of level II studies did not reveal 
any significant graft diameter associations with ACLR fail-
ure at any of the cut-off diameters, which suggests that fur-
ther quality evidence is required. Second, the graft diameter 
distribution among the groups was non-uniform throughout 
the studies with a smaller number of cases in the groups on 
both the extremes. This non-uniform distribution can poten-
tially underestimate or overestimate the failure rates among 
these groups. Thirdly, other outcomes related to rehabilita-
tion and return to the original activity level with different 
graft diameters cannot be predicted with the current analysis; 
only ACLR failure-related outcomes were analysed. Lastly, 
the influence of varying surgical techniques, surgeon’s tech-
nical expertise, the volume of qualified surgeons in centres 

Fig. 4   Percentage distribution of graft diameters among studies analysing the impact of graft diameter on ACLR outcomes
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performing ACLR, graft fixation methods, graft preparation 
methods, postoperative protocol, return to activity, anthro-
pometric and demographic parameters, and other potential 
confounding variables cannot be controlled in this analysis. 
Some of the included studies are quite old, and their surgical 
techniques, fixation methods and surgeons’ expertise may 
differ considerably from the current scenario.

Therefore, further evidence in the form of prospective 
studies is needed to address these concerns. Nevertheless, 
the current study attempted to provide a more comprehen-
sive analysis by pooling a larger volume of ACLR case data 
than previous reviews with a broader analysis at multiple 
cut-offs of graft diameter and several other factors influenc-
ing the ACLR outcomes. The concerns regarding the hetero-
geneous pooling of different levels of studies, and follow-up 
durations have been addressed by subgroup analysis at each 
cut-off diameter of hamstring autograft.

Conclusions

The current systematic review and meta-analysis predict 
that the hamstring graft diameter for ACLR should be more 
than 7 mm. Besides this, a threshold towards larger diam-
eter grafts should be considered for patients younger than 
20 years of age and those involved in strenuous activities.
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