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ABSTRACT

INTRODUCTION. In orthopaedics, anterior cruciate ligament (ACL) reconstructions are among the most common surgical
interventions. Two methods are preferably used: autografts from the hamstring tendon (HT) or patella tendon (PT). The
purpose of this meta-analysis was to compare these two methods when returning to sports.

METHODS. Eleven studies were included based on a literature search conducted in PubMed. The primary outcome was return
to preinjury sport level in athletes. Post-operative results such as the Lysholm score, the International Knee Documentation
Committee (IKDC) subjective score, the Tegner Activity Score and KT-1000 arthrometry and autograft re-rupture rates were
analysed as secondary outcomes.

RESULTS. The analysis showed no significant difference in return to preinjury sports level at a two-year follow-up between
patients operated with hamstring or patella autograft. Considering the secondary outcomes, no significant differences were
recorded in Lysholm score, IKDC score or re-rupture rate. The Tegner Activity Scale demonstrated a significantly higher activity
level in the PT group than in the HT group (OR 0.79, p = 0.003). At the two-year follow-up, the KT-1000 arthrometer analysis
also showed a significant difference in laxity, which was higher for the HT autografts (OR —0.31, p = 0.02).

CONCLUSION. This study showed no significant differences between hamstring and patella autografts. Even so, the choice of
method when operated for ACL rupture remains crucial for the individual and should be a weighted decision made jointly by
the patient and the physician.

KEY POINTS

« No significant difference was found in return to preinjury sports after ACL reconstruction with either hamstring or patella
autografts at a two-year follow-up.

« More evidence is warranted in the form of randomised control trials to increase the level of evidence.

o The fear of reinjury and the higher laxity in the HT group explained the lower activity level and return to sport in this
group.

In orthopaedics, anterior cruciate ligament (ACL) reconstructions are one of the most common surgical
interventions, with more than 130,000 reconstructions performed annually in the US alone. ACL ruptures are

responsible for 20% of knee injuries in sports [1]. The mechanism behind ACL injuries may be explained by the
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combined loading application and torquing on the ligament [2], which often occurs in non-contact and contact
sports alike. Therefore, it is highly relevant to study the incidence and effect of ACL injuries and their

subsequent reconstruction in athletes.

For athletes who request a quick return to their sport after an ACL rupture, surgical treatment is recommended
to regain articulation stability and reduce knee laxity, especially if ACL rupture is associated with a repairable
meniscal tear or multiple torn ligaments [3]. Nowadays, two methods are preferably used [4]: autografts from the
hamstring tendon (HT) or from the patella tendon (PT). Using these methods correlates with a reduction in graft
rupture compared with allografts [5], and it was shown that reconstruction has a subsequent protective effect on

osteoarthritis [6] in patients with meniscal injury.

Several studies have compared the outcomes of patella versus hamstring autograft, investigating graft re-
rupture, patient-reported knee function, clinical tests, etc. However, these outcomes have not been thoroughly
examined in comparative studies involving both graft types in high-level or competing athletes. For these
individuals, it is of great importance to return to sports at the same level, and post-surgery outcomes should be

continually improved.

This systematic review aims to analyse the return to preinjury sports in competing and high-level athletes by

comparing patella tendon to hamstring tendon autografts.

METHODS

The PubMed database was searched in October 2022. The following search string was used: ("back to sport” OR
"return to sport” OR "return to play"” OR "athlete recovery"” OR "athletes recovery"” OR "athletes"” OR "athlete” OR
"sports participation" OR "return” OR “sport”) AND ("acl injuries” OR "acl injury"” OR "anterior cruciate ligament
injuries" OR "anterior cruciate ligament injury” OR "anterior cruciate ligament tear" OR "anterior cruciate
ligament tears" OR "anterior cruciate ligament ruptures” OR "anterior cruciate ligament rupture"” OR "ACL
rupture" OR "ACL ruptures” OR "ACL reconstruction" OR "Anterior cruciate ligament reconstruction” OR "ACL
surgery” OR "anterior cruciate ligament surgery") AND ("semitendinosus tendon"” OR “semitendinosus” OR
“semitendinosus autograft” OR "HT” OR "hamstring tendon autograft” OR "HT autograft”" OR "hamstring
autograft” OR "hamstring tendon”) AND (“patellar tendon” OR "patella tendon” OR "BPTB autograft” OR "patella
tendon autograft” OR "bone patellar tendon bone grafts" OR "BPTB" OR "patella tendon autograft”) NOT
("allograft")

A total of 167 studies were identified and assessed for eligibility using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) strategy [7]. One duplicate study was removed, and the
remaining 166 articles were screened by title and abstract. A total of 137 studies were removed by title and
abstract screening only, leaving 29 articles to go through a full-text eligibility assessment. Among the 29 studies,
three articles only represented one of the two methods; one article did not characterise the patients as athletes,
and 14 failed to present results for the primary outcome of interest. Finally, 11 studies, including three RCTs (n =

2,489 patients), matched the inclusion criteria and were included in this systematic review.

The inclusion criteria were 1) patients with ACL reconstruction with either HT or PT autografts, 2) competitive or
high-level athletes, 3) extractable primary outcome and 4) comparative studies with both graft types, regardless

of the number of strands.
The exclusion criteria were 1) allografts, 2) added ligament and 3) nonathletic population.

The data for the level of sport and return to sport were identified and collected from the papers. The athletic

population was defined as a professional, elite or recreational athlete enrolled in competitive sports or strenuous
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high-risk sports such as soccer or skiing. Nonathletic populations were excluded. The primary outcome was
mostly presented in the papers based on return to sport (RTS) questionnaires, or the athletes were followed

clinically to assess whether they returned to sports.

The flow diagram in Figure 1 outlines the study selection process.

FIGURE 1 Flow diagram of included studies from the literature search.
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RTS = return to sport.

Statistics

The statistical analyses were performed using RevMan (The Nordic Cochrane Centre Copenhagen, Denmark)
and Excel (Microsoft Redmond, WA, USA). Dichotomous results are expressed in risk ratios (RR) or odds ratios
(OR) as appropriate. Continuous outcomes are expressed as mean differences (MD), and the results are

presented with a 95% confidence interval (CI).

Potential heterogeneity was evaluated for the included studies through I2 statistics and by screening funnel plots.
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12 > 50% was defined as high heterogeneity. Forest plots are shown for each analysis. The random effects model
was used globally to ensure that each study is weighted equally and to achieve high levels of dissimilarity

between the studies [8].

If data were presented in the source studies as median (range), the results were converted into means and
standard deviation using the method proposed by Hozo et al. [9]. Of note, the rates of return to sports for Smith
et al. [10] were calculated from the percentages specified in the article. Furthermore, the study by Kilkenny et al.

[11] is represented twice in the analysis because this study comprised two groups in the original article; “13-15-

year olds” and “16-18-year olds”. The groups are shown in Supplementary Figure 1B in that order.

Assessment of risk of bias

Risk of bias was evaluated for each study exclusively for the primary outcome level using the Cochrane tool for
assessing risk of bias (RoB-2) for RCTs [12] and the Risk Of Bias In Non-randomized Studies of Interventions
(ROBINS-I) tool [13] for the cohort and case studies. This analysis is presented in Figure 2, made using the Robvis

visualisation tool [14].
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FIGURE 2 Risk of bias analyses. A. Risk of bias - 2.
B. Risk of bias in non-randomised intervention studies - 1.
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The overall risk of bias for non-randomised studies was graded according to the ROBINS-I tool as follows: “low”
risk if the study was judged to carry a low risk of bias for all domains, “moderate” if the study was assessed to
carry a low or moderate risk of bias for all domains and “serious” risk if serious risk was determined in at least
one domain without critical risk of bias being assessed in any domain. Finally, the study was defined as “critical’

if a critical risk of bias was found in at least one domain.

The following guidelines were used to grade the risk of RTCs: Studies with four “/low-risk” domains were defined
as having a “Jow” risk of bias. Studies with two “moderate risk” domains but no “high-risk” domains were
labelled as carrying a “moderate” risk of bias. Studies with one or more “serious risk” domains or a minimum of

three “unclear” risks were labelled as carrying a “high risk of bias”.

For attrition bias, studies exceeding a 10% dropout at the final outcome evaluation were analysed as “high risk”,
as described in the Cochrane Handbook [12, 13]. This method was also used to decide the level of bias due to

missing data for non-randomised studies. Funnel plots were used to evaluate potential publication bias.
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RESULTS
Included studies

Table 1 shows the characteristics of the included studies: study design, minimum follow-up time, total number

of patients included, mean age, graft type and level of sport.

TABLE 1 Characteristics of included studies.

Patients at outcome evaluation Graft type*

total Mean age,  Min. follow-up,
Reference Startdate  Study type Patientsincl. analysed  PT HT PT HT Sport level yrs. yrs.
Guglielmetti et al,, 2023 [15] 2016 RCT 62 62 31 31 BPTB 4-strand STG Prof./semi-prof, soccer 25,1 2
Gupta et al., 2020 [16] 2014 RCT 160 160 80 80 BPTB Doubled loop STGI  Prof.: kabaddi, football 24,91 2
Smith et al., 2020 [10] RCT 64 56 29 27 BPTB AIST High-risk athletic population: high school, college, 17,7 2

recreational

Kilkenny etal,, 2022 [11] 2014 Retrospective comparative cohort a78 358 253 105 BPTB 4-or 5-strand ST Competitive Gaelic football, rugby, soccer. <18 2
Britt etal., 2020 [17] 2013 Case 90 71 41 30 BPTB 4-strand HT Injured during soccer (college, high school, club) 15,4 2
Gupta et al., 2020 [18] 2014 Prospective cohort 116 116 58 58 BPTB STGPI Prof. 243 2
Laboute etal., 2018 [19] 2011 Cohort 2424 955 242 713 BPTB Single bundle ST Competitive, (non-competitive)® 26,3 2
Gupta et al., 2018 [20] 2005 Case 249 2490 80 85 BPTB sTal Elite + recreational: level 1-3 sports 27,5 2
Sonnery-Cottet etal, 2017 [21] 2012 Prospective cohort 541 502 105 176 BPTB STGPI High-risk pivoting sports + prof. 224 2]
Mascarenhas et al., 2012 [22] 2001 Match pair case control 46 46 23 23 BPTB 4 strand STG Strenuous 4-7 times a week 18 2
Laboute etal,, 2010 [23] 2003 Case 540 208 138 160 NS sTG Competitive: regional or higher 255 4

AIST = all-inside quadrupled semitendinosus autograft; BPTB = bone patellar tendon-bone autograft; HT = hamstring tendon; min. = minimum; NS = not specified; prof. = professional;
PT = patella tendon; ST = semitendinosus; STG = semitendinosus gracilis; STGPI = STG graft with preserved tibial insertion.

a) Excluded in primary outcome analysis were non-competitive athletes (such as coach and monitor),

b) The total number does not equal sum of the two groups because these studies used three intervention groups, one of which was not included in this meta-analysis.

Risk of bias analysis

None of the included RCTs were classified as carrying an overall “Jow” or “unclear” risk of bias for the primary
outcome. All three studies had some serious concerns regarding performance and detection bias since staff and
participant blinding and outcome assessment blinding are not possible in this type of intervention. One study
exceeded a 10% participant dropout and was therefore assessed to be of a “high” risk. Based on the funnel plots,

the reporting bias was judged as “unclear” and “high” for the studies (Figure 24A).

Among the non-randomised studies, 50% were classified as having a “moderate” risk, whereas the other 50% had
“serious’ risk. None of the studies were judged as carrying “critical’ risk. All studies presented some bias due to
confounding, but these biases were controlled for. Bias due to intervention classification was mostly well

defined, and none of the studies exceeded a 10% dropout rate at follow-up (Figure 2B).
The primary outcome of “Return to sports”

The 11 studies [10, 11, 15-23] included in this review (2,489 patients) presented the results for the primary
outcome: returning to the preinjury level of physical activity at the time of the final evaluation. These studies are
shown in the overall analysis in Figure 3A. In this analysis, an event was defined as a return to the baseline level
of physical activity after ACL surgery. A trend was observed towards a higher return to preinjury sports in the PT

group, but the analysis was not significant.
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FIGURE 3 A. Overall analysis of returning to preinjury sports at two-year follow-up.
B. Metaanalysis of returning to preinjury level of sports at two-year follow-up.
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Sonnery-Cottet etal., 2017 [21] 54 85 88 147 11.5  1.17 (0.67-2.03) b
Gupta et al., 2018 [20] 32 80 29 85 9.8 1.29(0.68-2.43) 1T
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Guptaetal., 2020 [16] 53 77 40 77 427 1.32(1.02-1.72)
Smith et al., 2020 [10] 13 29 17 27 278 0.71(0.43-1.17)
Guglielmetti et al., 2021 [15] 16 31 17 31 29.5 0.94(0.59-1.50)
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Higher for HT Higher for PT

Cl = confidence interval; HT = hamstring tenden; IV = inverse variance; PT = patella tendon.

Three included studies [10, 15, 16] were randomised control trials (n =272). The results are presented in Figure

3B. No significant difference was observed between the two groups in this analysis.
Secondary outcomes “Post-operative outcomes”

Examining the return to sport from the athletes' and medical perspectives may be helpful and may be

accomplished by studying the studies' subjective and objective outcomes.
Subjective outcomes
Lysholm score

Five studies [15-17, 20, 21] (n = 739 patients) presented subjective results based on the Lysholm Score

(Supplementary Figure 1A). The result of the analysis was not significant.

IKDC subjective score

Five studies used the IKDC Subjective Score [11, 16, 17, 22, 23] presented in Supplementary Figure 1B (n = 811

patients). The mean difference of the IKDC subjective score was higher for the HT group but was nonsignificant.
Tegner activity scale

Four studies [17, 18, 20, 21] used the Tegner Activity Scale to show the activity level of the patients at the final
follow-up (n = 633 patients, Supplementary Figure 1C). The analysis showed a mean difference favouring the PT

group, and the result was significant.

Objective outcomes
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KT-1000 arthrometer

Four of the included studies [10, 16, 20, 22] (n = 421) illustrated the displacement between the injured and the
uninjured knee by the KT-1000 arthrometer at a minimum two-year follow-up (Supplementary Figure 1D). This
parameter showed a significant difference between the two graft types, which was higher for the HT group.

Graft failure rate

Autograft re-rupture rate is an important objective indicator of return to preinjury sport level (Supplementary
Figure 1E, n = 2486). The result showed a more frequent re-rupture rate in the HT group, but the analysis was not

significant.

DISCUSSION

The main finding of this review was that the two autografts are generally similar in outcome concerning return
to preinjury sports. The overall analysis of all included studies showed no significant difference in return to
preinjury sports level when operated with either a hamstring or a patella autograft. This finding is also
applicable to the RCT analysis. The study by Gupta et al. [16] was the only randomised control trial to find a
significant difference in return to preinjury sports level; the return occurred earlier and was higher in the PT
group. Similarly, in another study, Gupta et al. [20] showed a significantly higher return to sports level for the PT
group. This result was related to the inclusion of observational studies. Still, in a metanalysis by Bergeron et al.
[24] conducted exclusively on RCTs, the authors failed to establish any significant correlation with return to sport

activity.

Regarding the secondary outcomes, no significant difference was found in subjective opinion, as illustrated
through the Lysholm or IKDC scores. As for the Tegner Activity Scale at the final follow-up, a significantly higher
activity level was recorded in the PT than in the HT group. When exploring objective outcomes, the KT-1000
arthrometer was favourable for the PT autografts since the laxity was higher for the HT than for the PT group. As
for autograft re-rupture rate, the result was nonsignificant. Some studies [10, 11, 15-23] included other
measurement methods (e.g., anterior drawer test, the Short Form mental/physical components, Lachman Grade
and pivot shift test) to illustrate potential differences between the two surgical techniques. These results are not
included in this study as the included studies did not have enough published data on these tests. Nonetheless,

most studies failed to demonstrate significant differences between the two groups in the mentioned outcomes.

In the study by Guglielmetti et al. [15], all the re-ruptures occurred after full return to sports activity. In another
article by Salmon et al. [25], it was shown that a return to level 1-2 sports was correlated with ten-fold increased
odds of contralateral rupture. However, this increase was nonsignificant when comparing the incidence in the
two autograft types. The re-rupture rate of the autograft and the risk of contralateral rupture therefore remain
relevant risks to account for in athletes as they may affect the ability of an athlete to return to the preinjury level

of sports.

From a more psychological perspective, it may also be argued that athletes are more motivated for a quick and
definitive return to sport than other populations. This may apply especially to professional athletes, who also
have an economic incentive. In the article by Sonnery Cottet et al. [21], 28 out of 39 professional athletes
returned to their preinjury level of sports if they had not endured a graft (n=>5) or contralateral (n=6) rupture. The
study by Britt et al. [17] studied the reasons why some athletes did not return to their preoperative levels and
pinpointed fear of reinjury as the most common reason. In another study [26], kinesophobia was found to be

related to knee function after surgery.

In the paper by Britt et al. [17], twice as many in the HT as in the PT group reported fear as the main reason,
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which aligns with our findings concerning the KT-1000 arthrometer measurements. A correlation may exist
between higher displacement in the injured knee compared to the displacement inthe uninjured knee, with
kinesophobia. In support of this, the present study showed a significantly higher activity level for the PT group.
The lower activity level in the HT group may be associated with significantly higher laxity, which may potentially
lead to a feeling of instability in the injured knee, resulting in more fear of reinjury and, therefore, a lower

return to sports in this group.

Surgeons may have preferences based on their surgical skills or which technique they were schooled in. A UK
study from 2004 [27] showed that 58% of surgeons used bone patella tendon bone (BPTB) autografts, whereas
339% used semitendinosus gracilis (STG) autografts. In Italy, the most popular graft type is hamstring autograft,
according to a web-based survey [28]. In 2011, a global study showed that the hamstring autograft was the
preferred graft choice (53.1%), followed by the BPTB autograft (22.8%) [29].

A similar study from 2020, a systematic review by Defazio et al. [30], showed that the overall return to sports was
higher for the PT than for the HT group. However, the study also showed that the PT and HT autograft groups
had similar rates of preinjury return to sports and that less than half of the athletes (48.9%), regardless of graft
type, were able to return to their preinjury level. Even though Defazio’s analysis and this study found no
significant differences between hamstring and patella autografts, the choice, when operated for ACL rupture,
remains crucial for the individual and should be a weighted decision taken jointly by the patient and the

physician.
Study design and risk of bias

Blinding is nearly impossible and randomisations are challenging in surgical intervention studies. This applies,
in particular, to professional athletes who want to ensure that their participation in clinical studies does not
compromise the best possible treatment. Thus, the study by Britt et al. [17] carried a serious risk of bias because
soccer goalies preferentially received an HT autograft to minimise the impact and the pain that jumping on the
knees might inflict. The risk of bias in measuring outcomes was also considerable in some studies because of
subjective and self-describing outcomes. This could have been avoided if the outcome had been based
exclusively on clinical, mechanical testing or on an objective rating tool. This study has a quite low risk of bias

due to missing data since no studies exceeded a 10% dropout at the final follow-up.

However, this study still has a moderate or high risk of bias in relation to the included studies.

CONCLUSION

This study showed no significant difference in return to preinjury sports after ACL reconstruction with
hamstring or patella autografts at a two-year follow-up. To increase the evidence level, further evidence is
warranted in the form of randomised control trials comparing the two graft types. When operating for ACL
rupture, the choice of method remains crucial for the individual and should be a weighted decision taken jointly

by the patient and the physician.
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