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Abstract

Purpose The risk of graft failure after anterior cruciate ligament (ACL) reconstructions with hamstring or patellar tendon
was evaluated in a French population of athletes.

Methods Athletes who had undergone ACL autograft reconstruction and who received rehabilitation care at the European
Center for Sports Rehabilitation (CERS; Capbreton, France) were screened for this prospective cohort study. Eligibility
criteria included a simple hamstring autograft or patellar tendon autograft surgical technique. Patients were contacted by
phone to participate in follow-up during the second year after surgery. The primary endpoint was the graft failure frequency,
evaluated with a multivariate logistic model with adjustment for baseline patient characteristics. The secondary endpoint
was time to graft failure, analyzed by an adjusted Cox model.

Results A total of 2424 athletes were included after having a hamstring autograft (semitendinosus and gracilis) or a patellar
tendon autograft between 2011 and 2014. Of the 988 athletes who responded to a follow-up phone call (40.7% response rate),
33 were excluded for new contralateral ACL rupture (3.3%), with 955 included for analysis (713 hamstring autografts; 242
patellar-tendon autografts). There were no significant differences between the baseline characteristics of the patients analyzed
and the population which did not respond to the questionnaire. A significant difference in the frequency of graft failure was
seen, 6.5% for hamstring autografts vs 2.1% for patellar-tendon autografts [adjusted odds ratio (OR)=3.64, 95% CI (1.55;
10.67); p=0.007]. Mean time to graft failure was 10.7 vs 17.4 months for hamstring and patellar-tendon autografts respec-
tively [adjusted hazard ratio (HR)=23.50, 95% CI (1.53; 10.11); p=0.008]. Age less than 25 years significantly increased
the frequency of graft failure [adjusted OR =3.85 (1.89; 8.72); p <0.001]. The rate of patients returning to competitive sport
after the first graft was not significantly different for the two techniques: 70.8% for hamstring and 77.8% for patellar tendon
[adjusted OR=0.718; 95% CI (0.50; 1.02)].

Conclusions Graft failure is significantly more frequent after hamstring than patellar tendon autografts in a French popula-
tion, despite similar rates of return to competition. Athletes aged less than 25 years have a higher risk of failure than those
aged > 25 years. Our results are in accordance with recent Scandinavian studies.

Level of evidence II.

Keywords Anterior cruciate ligament - Patellar-tendon autograft - Hamstring tendon autograft - Graft failure - Sport -
Athletes

Introduction reconstruction has been reported to be 36.9 per 100,000

persons [10]. Currently two main reconstruction techniques

Ligament reconstruction for an anterior cruciate ligament
(ACL) injury is one of the most common surgeries in devel-
oped countries. In the US, the annual incidence of ACL
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are used: patellar tendon and hamstring autografts. Over
the last few years, hamstring autografts have become the
principal technique used, such as has been reported in Den-
mark where the proportion of hamstring autografts increased
from 68% in 2005 to 85% in 2011 [26]. However, very few
differences have clearly demonstrated between these two
reconstruction techniques [1, 3, 6-8, 12, 28]. Patellar ten-
don autografts are more frequently associated with anterior
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knee pain [3, 6, 7, 18, 28] while hamstring autografts tend
to evolve towards greater residual laxity [3, 12, 38]. Thus,
the choice of technique is currently based primarily on the
surgeon’s experience. Three Scandinavian studies in large
populations published in 2014 [11, 22, 26] demonstrated
that revision surgeries were more common after hamstring
autografts compared to patellar tendon grafts, however two
recent meta-analyses [9, 37] did not find hard evidence sup-
porting this, and suggested that further studies are needed.
Published data vary, with notably all studies that demon-
strate higher rates of revision surgeries being from the same
country. We have hypothesized that graft failure was more
frequent after hamstring autografts compared to patellar ten-
don grafts in a French population. We investigated the influ-
ence of the type of surgery on the frequency of graft failure
and time to return to competition after an initial ligament
reconstruction in a population of athletes, most of whom
were performing at a competitive level. We have also evalu-
ated the risk factors for failure across different types of sport.

Materials and methods

Athletes who had undergone an ACL autograft recon-
struction and who received rehabilitation care at the Euro-
pean Center for Sports Rehabilitation (CERS; Capbreton,
France) were screened for participation in this prospective
cohort study. Initially, data from the screened population
were entered in a computerized database, including com-
plete surgical, medical, and sports-related data and patients
were informed of the study. To be eligible, patients had to
have undergone a classic surgical graft involving the patel-
lar or hamstring tendon. Patellar tendon autografts required
a transplant of the patellar tendon (bone—patellar ten-
don-bone), and two tunnels (a femoral and a tibial tunnel),
and hamstring autografts required two hamstring muscles
(semitendinosus and gracilis), folded over, with a single bun-
dle and two tunnels (a femoral and a tibial tunnel). Patients
undergoing any other surgery type were not included: ham-
string autografts using only the semitendinosus, hamstring
autografts with double bundle and four anatomic tunnels,
and autografts with the tensor fasciae latae muscle or other
specific surgeries. Patients with a history of ipsilateral and/
or contralateral ACL rupture, osteotomy, chondroplasty, an
associated complex ligament injury, or a ligament recon-
struction combined with anterolateral ligament reconstruc-
tion were not included. Sports were analyzed according to
discipline and were grouped according to the Arpege clas-
sification [5].

For patients playing competitively, the sports level
was classified as regional, national, and international par-
ticipation, while patients playing non-competitively were
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classified as recreational athletes, such as a sports teacher,
coach or monitor.

Rehabilitation was based on post-operative recovery
for articular extension at 0° and articular flexion at more
than 120°, quadriceps contraction against gravity, and tech-
niques for walking without assistance from 3 to 6 weeks
post-surgery. A brace was worn for 3—6 weeks according to
the surgeon’s decision. Cardiovascular activity on a bicycle,
step machine, or rowing machine was introduced progres-
sively and swimming (crawl) was also introduced during this
period. A return to running was introduced around the third
or fourth month based on the surgeon’s decision. An isoki-
netic evaluation of quadriceps and hamstring force was per-
formed during the sixth month after the surgery. Approval
to return to the original activity was decided by the surgeon.

After verification of the eligibility criteria, included
patients were contacted by telephone during the second
year after surgery. In the absence of a response with the
first attempt, no further contact was made. Patients who
did not answer the call were considered as lost-to follow-
up. Data regarding repeat or contralateral ruptures, return
to competitive sport, and the time to each of these events
were collected. The study was approved by a scientific ethics
committee (Goupement de Cooperation Sanitaire Ramsay
Générale de Santé pour I’Enseignement et la Recherche,
Paris, IRB N. COS-RGDS-2015-09-018).

Statistical analyses

This was an observational, exploratory and exhaustive
cohort. The sample size was maximized, according to the
center population, to optimize the chance of detecting dif-
ferences and prognostic factors. Two groups in the included
population were defined by the type of autograft performed
(patellar tendon vs hamstring). Patient characteristics (sex,
age at the time of surgery, type and level of sport practiced)
of the two groups were compared. A comparison of patients
who answered the phone and those who dropped out patients
was performed to confirm the validity of our test population.
Multivariate logistic regression analyses were performed to
evaluate the impact of the surgical technique on the outcome
of the frequency of graft failure (primary endpoint), with
adjustment for baseline patient characteristics. A Cox multi-
variate model accounting for the same factors was performed
on the time to graft failure to establish the robustness of the
results in terms of the primary endpoint. The rate of return to
competition after the first surgery at the time of the response
to the questionnaire, a secondary endpoint, was evaluated
using a multivariate logistic regression model adjusted for
the same variables as for the primary endpoint. The alpha
risk was fixed at 5%. Statistical analyses were performed
with SAS® for Windows (Version 9.4, SAS Institute Inc.,
Cary, NC, USA).
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Results

A total of 4076 athletes who had an ACL autograft recon-
struction between 2011 and 2014 and who received reha-
bilitation care at the European Center for Sports Rehabili-
tation were screened (Fig. 1). At total of 46 French LCA
specialist surgeons operated the patients. Among the 4076
screened patients, 1652 were not included according to
the inclusion criteria (Fig. 1). Ultimately 2424 patients

Patients screened: ACL autograft
n = 4076

were eligible, 1831 with a hamstring autograft and 593
with a patellar tendon autograft. These 2424 patients were
subsequently contacted by phone during the second year
after surgery. Of them, 988 (40.7%) answered the first call,
all of whom agreed to participate in the study follow-up
and respond to the questions. Among them, 33 patients
(3.3%) had experienced a contralateral ACL rupture since
their initial surgery. Data from these patients were thus
excluded from further analyses. There were no significant
differences between the baseline characteristics of the

A 4

Patients not included, n = 1652:

History of LCA rupture (homo and/or contralateral), n = 437
Other associated lateral ligament surgery, n =78
Associated bone fracture, n = 18

Associated bone /cartilage procedure, n = 17

Other surgical technique (hamstring graft using only
semitendinosus n= 448, double-bundle hamstring grafts
n=144, intra and extra articular graft using fascia latae
n=156, hamstring graft with combined anterolateral ligament
reconstruction n=159, others n=195)

v

Included patients n = 2424
(1831 hamstring autograft, 593 patellar tendon
autograft)

\ 4

Patients not responding to the phone call, n = 1436

Lost-to follow-up

A 4

Patients responding to the phone call
n = 988 (40.7%)

v

Patients excluded from the data analysis, n = 33:
e Contralateral ACL rupture since initial surgery and prior to
graft failure, n = 33 (3.3%)

Analyzed patients
n =955
(hamstring 713; patellar 242)

Fig. 1 Flowchart summarizing the study design
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patients analyzed (N=955) and non-analyzed population
(N=1469) in terms of type and level of sport, age, and sex
(Table 1). The mean time between the initial surgery and
the response to the questionnaire was 19.6 months (+4.2).

Responses from 955 athletes were thus analyzed, 713
with a hamstring autograft and 242 with a patellar tendon
autograft (Table 2). The distribution in terms of sex was
similar for the two surgery types. Mean age was 26.2 years in
the hamstring autograft group and 26.4 years in the patellar
tendon autograft group. The most common sport practiced
was rugby (hamstring: 35.1%; patellar tendon: 37.2%), fol-
lowed by soccer, handball and skiing.

Overall the two surgery groups (hamstring vs patellar
tendon autografts) were considered comparable, with no
significant differences in terms of sex, age, type and level
of sports practiced.

Influence of baseline factors on the outcome
of a graft failure

A total of 51 graft failure (5.3% of patients) were reported
for the totality of the two groups, 6.5% (N=46) for the ham-
string group and 2.1% (N=35) for the patellar tendon auto-
graft group (Table 3). The mean time to the graft failure
was 10.7 (+£4.0) and 17.4 months (+4.4), respectively. The
multivariate logistic regression showed that the hamstring
surgery group was significantly more at risk of graft failure

than the patellar tendon autograft, when adjusted for age,
sex, type and level of sport, in terms of both the frequency
of graft failure [adjusted odds ratio (OR)=3.637,95% Cl=
(1.552; 10.662), p=0.007; Table 4] as well as time to the
event [adjusted hazard ratio (HR)=3.500, 95% CI = (1.529
; 10.107), p=0.008; Table 5].

The mean age of athletes with a repeat rupture was
22.9 years for hamstring autografts and 21.0 years for patel-
lar tendon autografts, whereas the mean age of athletes with-
out repeat rupture was 26.5 years for both types of surgery
(Table 6). When considering age by category (<25 and
> 25 years), the adjusted OR was 3.894 [95% CI 1.887 ;
8.719]; reflecting a significant impact on the likelihood of
graft failure in terms of age category, with a worse out-
come for individuals aged under 25 years (p <0.001), when
adjusted for other potentially relevant variables (Table 4).

The patient’s level of sport correlated with a non-sig-
nificant trend for both incidence of graft failure (n.s.) and
time to graft failure (n.s.), adjusted for relevant variables
(Tables 4, 5). As shown in Table 7, the rate graft failure was
higher with increasing level of sport (recreational athletes
2.8%, regional player 4.2%, national player 7.2%, and inter-
national player 14.2%).

Sex was not significantly associated with the occurrence
of a repeat rupture, when adjusted for other relevant variables
(Table 4). According to the Arpege classification for type
of sport, the risk of graft failure for all surgical techniques

Table 1 Comparaison of characteristics (sex, age, sport, and level) for population (A) analyzed (955) versus (NA) not analyzed (1469)

Variable Total A Total NA Hamstring A Hamstring NA  Patellar tendon A Patellar tendon NA  p value
n 955 1469 713 1118 242 351
Sex
Male 700 (73.3%) 1054 (71.8%) 524 (73.5%) 802 (71.7%) 176 (72.7%) 252 (71.7%) n.s
Female 255 (26.7%) 415 (282%) 189 (26.5%) 316 (28.3%) 66 (27.3%) 99 (28.2%) n.s
Age at time of surgery (years)
Mean (standard deviation) 26.3 (7.3) 259 (5.1 26.2 (7.3) 26 (5.1) 26.4 (7.3) 25.7(4.9) n.s
Sport
Rugby 340 (35.6%) 546 (37.1%) 250 (35.1%) 421 (37.6%) 90 (37.2%) 125 (35.7%) n.s
Soccer 153 (16.0%) 284 (19.3%) 116 (16.3%) 213 (19%) 37 (15.3%) 71 (20.2%)
Other 111 (11.6%) 151 (10.3%) 87 (12.2%) 113 (10.1%) 24 (9.9%) 38 (10.8%)
Handball 109 (11.4%) 145 (9.9%) 79 (11.1%) 101 (9%) 30 (12.4%) 44 (12.6%)
Skiing 68 (7.1%) 95 (6.5%) 49 (6.9%) 75 (6.7%) 19 (7.9%) 20 (5.7%)
Basketball 56 (5.9%) 96 (6.5%) 46 (6.5%) 80 (7.2%) 10 (4.1%) 16 (4.6%)
Combat sports 46 (4.8%) 63 (4.3%) 28 (3.9%) 43 (3.9%) 18 (7.4%) 20 (5.7%)
Racket sports 45 (4.7%) 63 (4.3%) 34 (4.8%) 49 (4.4%) 11 (4.5%) 14 (3.9%)
Motocross 27 (2.8%) 26 (1.8%) 24 (3.4%) 23 (2.1%) 3(1.2%) 3 (0.8%)
Level
Regional 470 (49.2%) 725 (49.4%) 363 (50.9%) 574 (51.3%) 107 (44.3%) 151 (43%) n.s
National 319 (33.4%) 484 (32.9%) 226 31.7%) 354 (31.6%) 93 (38.4%) 130 (37%)
Recreational athlete 138 (14.5%) 217 (14.8%) 106 (14.9%) 160 (14.3%) 32 (13.2%) 57 (16.3%)
International 28 (2.9%) 43 (2.9%) 18 (2.5%) 30 (2.8%) 10 (4.1%) 13 (3.7%)
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Table 2 Patient characteristics

analyzed (N=955)

Variable Total Hamstring Patellar tendon
Time from rupture to questionnaire response (months)
n 955 713 242
Mean (standard deviation) 19.6 (4.2) 19.7 (4.2) 19.3 (4.4)
Median (Q1 ; Q3) 19 (16 ; 22) 20 (16 ;22) 19 (16 ; 22)
Min ; Max 11 ;41 12 ;39 11;41
Sex
Male 700 (73.3%) 524 (73.5%) 176 (72.7%)
Female 255 (26.7%) 189 (26.5%) 66 (27.3%)
Age at time of surgery (years)
Mean (standard deviation) 26.3 (7.3) 26.2 (7.3) 26.4 (7.3)
Median (Q1 ; Q3) 25(21;29) 25(21;29) 25(21;29)
Min ; Max 16 ;59 16 ;59 18 ;57
Age by category
Age <25 years 509 (53.3%) 376 (52.7%) 133 (55.0%)
Age> 25 years 446 (46.7%) 337 (47.3%) 109 (45.0%)
Sport
Rugby 340 (35.6%) 250 (35.1%) 90 (37.2%)
Soccer 153 (16.0%) 116 (16.3%) 37 (15.3%)
Other 111 (11.6%) 87 (12.2%) 24 (9.9%)
Handball 109 (11.4%) 79 (11.1%) 30 (12.4%)
Skiing 68 (7.1%) 49 (6.9%) 19 (7.9%)
Basketball 56 (5.9%) 46 (6.5%) 10 (4.1%)
Combat sports 46 (4.8%) 28 (3.9%) 18 (7.4%)
Racket sports 45 (4.7%) 34 (4.8%) 11 (4.5%)
Motocross 27 (2.8%) 24 (3.4%) 3(1.2%)
Type of sport
Pivoting-contact 715 (74.9%) 528 (74.1%) 187 (77.3%)
(Arpege classification)
Pivoting without contact 190 (19.9%) 144 (20.2%) 46 (19.0%)
Weight-bearing without pivoting 39 (4.1%) 32 (4.5%) 7 (2.9%)
Non-weight-bearing 11 (1.2%) 9 (1.3%) 2 (0.8%)
Level
Regional 470 (49.2%) 363 (50.9%) 107 (44.2%)
National 319 (33.4%) 226 (31.7%) 93 (38.4%)
Recreational athlete 138 (14.5%) 106 (14.9%) 32 (13.2%)
International 28 (2.9%) 18 (2.5%) 10 (4.1%)

Table 3 Graft failure and time to event, total population (N=955)

Variable Total Hamstring  Patellar tendon
Graft failure
N 955 713 242
No 904 (94.7%) 667 (93.5%) 237 (97.9%)
Yes 51(53%) 46 (6.5%) 5(2.1%)
Time to rupture
Mean (standard devia- 11.3 (4.5) 10.7 (4.0) 17.4 (4.4)
tion)
Median (Q1 ; Q3) 108;13) 10(8;13) 18(15;18)
Min ; Max 424 4,23 12 ;24

combined decreased with contact, pivoting or not (Table 8),
although the type of sport did not have a significant influence

on risk of graft failure (n.s.; Tables 4, 9).

Finally after the initial surgery, 70.8% of competitive ath-
letes returned to competitive sport after a hamstring autograft
compared to 77.8% after a patellar tendon autograft (Table 10),
which was not significant (n.s.).
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Table 4 Multivariate modeling of graft failure occurrence frequency (N=955)

Variable Comparison Odds ratio Odds ratio 95% CI p value
(N=955)
Surgery Hamstring vs Patellar tendon 3.637 [1.552, 10.662] 0.007
Age by category Age <25 years vs Age > 25 years 3.849 [1.887, 8.719] <0.001
Sex Female vs Male 0.651 [0.299, 1.304] 0.249
Type of sport® 0.877
Level 0.066
International vs Recreational athlete 4.748 [0.991, 22.907]
International vs National 2.537 [0.666, 7.957]
International vs Regional 4.362 [1.116, 14.208]
Recreational athlete vs National 0.534 [0.15, 1.496]
Recreational athlete vs Regional 0.919 [0.254, 2.628]
National vs Regional 1.720 [0.91, 3.273]
P values in bold signify a statistically significant difference and n.s. signifies a non significant difference
Multivariate logistic regression
*Pivoting-contact/Pivoting without contact/Weight-bearing without pivoting or Non-weight-bearing
Table 5 Multivariate modeling of time to graft failure (N=955)
Variable Comparison Hazard ratio Hazard ratio 95% CI p-value
(N=955)
Surgery Hamstring vs Patellar tendon 3.500 [1.529, 10.107] 0.008
Age by category Age <25 years vs Age>25 years 3.741 [1.867, 8.359] <0.001
Sex Female vs male 0.632 [0.3, 1.226] 0.198
Type of sport? 0.903
Level 0.067
International vs Recreational athletes 4.460 [1.025, 19.426]
International vs National 2.335 [0.67, 6.285]
International vs Regional 3.813 [1.063, 10.733]
Recreational athlete vs National 0.524 [0.15, 1.401]
Recreational athlete vs Regional 0.855 [0.242, 2.348]
National vs Regional 1.633 [0.887, 3.028]

P values in bold signify a statistically significant difference and n.s. signifies a non significant difference

Cox regression multivariate

*Pivoting-contact/Pivoting without contact/Weight-bearing without pivoting or Non-weight-bearing

Discussion

The most important finding of the study was that the fre-
quency of graft failure after hamstring autografts (6.5%)
was significantly higher than for patellar tendon autografts
(2.1%), despite a non-significant rate of return to competi-
tive sports. In an earlier study [17], we reported that graft
failure after a hamstring autograft was not significantly
more frequent than after patellar tendon autografts despite
the very different percentages of graft failure, 12.7% for
hamstring vs 6.1% for patellar tendon. The main difference
between the two series is the sample size, with the current
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study reporting on 955 athletes compared to 298 subjects
in the earlier study. In the published literature, the majority
of comparative studies report similar results to our earlier
study, showing a trend towards more frequent graft fail-
ure following hamstring autografts; however, in almost
all cases these differences were not significant [2, 3, 14,
23, 24, 29, 35]. But more recently, several Scandinavian
series [11, 22, 26] reported a significant difference as we
report here in this study. Again, the principal difference
between these older and more recent series resides in the
much larger populations reported. In 2014, Rahr-Wagner
reported a 5-year risk of graft failure of 4.45% for ham-
string autografts vs 3.03% for patellar tendon autografts
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Table 6 Analysis of age, sex and sports level for patients with or without graft failure (N=955)

Variable Total Hamstring/ with Hamstring / without ~ Patellar tendon/ with ~ Patellar tendon
graft failure graft failure graft failure / without graft
failure
Age at time of surgery (years)
N 955 46 667 5 237
Mean (standard deviation) 26.3 (7.3) 22.9 (4.6) 26.5 (7.4) 21.0 (2.5) 26.5 (7.3)
Median (Q1 ; Q3) 25 (21;29) 22 (19 ;24) 25(21;29) 20 (19 ;23) 25(21;29)
Min ; Max 16 ;59 17 ;37 16 ;59 19;25 18 ;57
Sex
H 700 (73.3%) 37 (80.4%) 487 (73.0%) 3 (60.0%) 173 (73.0%)
F 255 (26.7%) 9 (19.6%) 180 (27.0%) 2 (40.0%) 64 (27.0%)
Level
Regional 470 (49.2%) 19 (41.3%) 344 (51.6%) 1 (20.0%) 106 (44.7%)
National 319 (33.4%) 21 (45.7%) 205 (30.7%) 2 (40.0%) 91 (38.4%)
Recreational athlete 138 (14.5%) 3(6.5%) 103 (15.4%) 1 (20.0%) 31 (13.1%)
International 28 (2.9%) 3(6.5%) 15 (2.2%) 1 (20.0%) 9 (3.8%)

Table 7 Sporting level for patients with or without graft failure

Table 8 Rate of graft failure according to type of sport (ARPEGE
classification) and type of graft

Variable TOTAL  With graft failure ~ Without graft
failure Variable Total Hamstring Patellar tendon
Level Pivoting-contact
N 955 51 904 n 715 528 187
International 28 4 (14.2%) 24 (85.8%) No 673 (94.1%) 490 (92.8%) 183 (97.9%)
National 319 23 (7,2%) 296 (92.8%) Yes 42 (5.9%) 38 (7.2%) 4 (2.1%)
Regional 470 20 (4.2%) 450 (95.8%) Pivoting without contact
Recreational 138 4(2.9%) 134 (97,1%) n 190 144 46
athlete No 182 (95.8%) 137 (95.1%) 45 (97.8%)
Yes 8(4.2%) 7 (4.9%) 1(2.2%)
Weight-bearing without pivoting
in 13 647 Danish patients [26], reflecting a 1.90 increased " 39 32 !
relative risk of graft failure with hamstring autografts. In No 38 (97.4%) 31 (96.9%) 7(100.0%)
Norway, Persson et al. also reported a higher risk for graft Yes ) 1.(2'6%) 13.1%)
failure with hamstring autografts after 2-years follow-up Non-weight-bearing
compared to after patellar tendon autografts (2.8 vs. 0.7%) R i o 2
No 11 (100.0%) 9 (100.0%) 2 (100.0%)

in a study of 12,643 patients followed up between 2004
and 2012 [22]. After 5-years, the re-rupture rate was 5.1%
for hamstring autografts and 2.1% for patellar tendon auto-
grafts. Gifstad et al. [11] grouped databases covering data
from 2004 to 2011 for Sweden, Denmark and Norway,
allowing combined follow-up of 45,998 ACL ruptures.
They demonstrated a lower risk of surgical revisions after
patellar tendon autografts with a relative risk of 0.63.
After 2 years, the risk of repeat surgery was estimated to
be 1% for patellar tendon autografts and 2.3% for ham-
string autografts. However, it is important to note that the
populations in the studies by Persson et al. [22] and Rahr-
Wagner [26] overlap with that of Giftad et al. [11], who
grouped the databases of the three Scandinavian coun-
tries for almost identical periods of analysis (2004-2011).

Classification ARPEGE [5]:

Pivoting-contact: Soccer, rugby, basketball, handball, American foot-
ball, ice hockey, combat sports, fencing, bullfighting

Pivoting without contact: volleyball, racket sports, ice skating, dance,
gymnastics, downhill skiing, water skiing, snowboard, surf, sailing,
golf, motocross, rock climbing, skate-board

Weight-bearing without pivoting: running, athletics, horse riding,
mountain guide, bowling, cycling, shooting

Non-weight-bearing: kayaking, swimming, diving, rowing, underwa-
ter hockey, water-polo

Overall, it remains pertinent to confirm their results in
a series from non-Scandinavian population such as the
French population presented here.
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Table 9 Rate of graft failure by sport, according to type of surgery

Variable Total Hamstring Patellar tendon
Rugby
n 340 250 90
No 318 (93.5%) 230 (92.0%) 88 (97.8%)
Yes 22 (6.5%) 20 (8.0%) 2 (2.2%)
Soccer
n 153 116 37
No 145 (94.8%) 108 (93.1%) 37 (100.0%)
Yes 8(5.2%) 8 (6.9%)
Other sports
n 111 87 24
No 105 (94.6%) 82 (94.3%) 23 (95.8%)
Yes 6 (5.4%) 5(5.7%) 1 (4.2%)
Handball
n 109 79 30
No 102 (93.6%) 74 (93.7%) 28 (93.3%)
Yes 7 (6.4%) 5(6.3%) 2 (6.7%)
Skiing
n 68 49 19
No 68 (100.0%) 49 (100.0%) 19 (100.0%)
Basketball
n 56 46 10
No 54 (96.4%) 44 (95.7%) 10 (100.0%)
Yes 2 (3.6%) 2 (4.3%)
Combat sports
n 46 28 18
No 44 (95.7%) 26 (92.9%) 18 (100.0%)
Yes 2 (4.3%) 2(7.1%)
Racket sports
n 45 34 11
No 44 (97.8%) 33 (97.1%) 11 (100.0%)
Yes 1(2.2%) 1(2.9%)
Motocross
n 27 24 3
No 24 (88.9%) 21 (87.5%) 3 (100.0%)
Yes 3 (11.1%) 3 (12.5%)

Graft failure occurred after a shorter period of time for
hamstring autografts compared to patellar tendon autografts
(10.7 vs 17.4 months on average, respectively), which was
coherent with the literature [19]. It is typical to see a certain
fragility associated with the hamstring graft compared to
patellar tendon autografts [12, 38] as well as a weakness in
terms of the means of fixation, compared to the bone-tendon
system of patellar tendon autografts. This translates into a
greater hamstring laxity reported in several studies [3, 12,
38], as confirmed by Pinczewski et al. who reported a corre-
lation between laxity and graft failure [24]. However, certain
fixation systems appear to be more resistant (endobuttons,
screw associated with a staple, etc.) and improve residual
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Table 10 Percent and time to return to competition, according to type
of surgery

Variable Total Hamstring  Patellar tendon
Return to competition
N (miss) 946 (9) 705 (8) 241 (1)
Not applicable 35 (3.7%) 29 (4.1%) 6 (2.5%)
No 249 (26.3%) 197 (27.9%) 52 (21.6%)
Yes 662 (70.0%) 479 (67.9%) 183 (75.9%)
Time to return to competition (months)
n (miss) 625 (37) 450 (29) 175 (8)
Mean (standard devia- 9.6 (2.8) 9.5 (2.7) 9.9 (3.1)
tion)
Median (Q1 ; Q3) 9(8;11) 9(8;11) 9(8;12)
Min ; Max 3;24 3;24 5;24

laxity [3, 20, 21, 25]. In the future it will be interesting to
prospectively analyze large series in terms of the different
fixations systems. It may also be important to explore other
types of hamstring grafts which appear to be more resistant.
Less graft failure is seen with double bundles (p =0.019)
than with single bundles [34], and with hamstring grafts
combined with anterolateral ligament reconstruction
(»=0.034) than without [33].

We have demonstrated that age was a risk factor for repeat
ACL ruptures. Shelbourne et al. has previously evoked the
influence of age on graft failure [31, 32], and Gifstad et al.
also reported a decrease in risk with increasing 5-year age
categories from 15 years of age up to more than 45 years
[11]. Persson et al. found significant differences in terms of
risk for 3 age groups (15-19 years, 20-29 years, > 30 years)
the risk decreasing with increasing age [22]. Contrary to
reports on initial ruptures [4, 13, 16, 27, 30], sex appeared to
have no influence on repeat rupture, which has been reported
elsewhere in the literature [11, 15, 22, 29, 31, 32, 36].

In terms of methodology, this study has some suscepti-
bility towards biases, notably in terms of selection biases,
as is the case for all observational cohort studies. The fact
that the patients have different surgeons is a potential source
of bias, and it may be worthwhile to include this factor in
future analyses. Nonetheless, any associated bias was lim-
ited given that patients were included in this study country-
wide, along with the fact that there were a high number of
participating surgeons, all of whom are specialists in knee
reconstruction. Although randomization was not performed
at inclusion, the large population, comparable baseline char-
acteristics, and adjusted analyses, reduced potential biases.
Finally, the methodology used did not allow for collection of
data for the percentage of grafts in lost-to follow-up patients.
Nonetheless, it should be noted that the population which
did respond to the questions was not significantly different
to the population which did not in terms of sex, age, type



Knee Surgery, Sports Traumatology, Arthroscopy (2018) 26:3537-3546

3545

and level of sport. Furthermore, the statistical analysis was
adjusted for factors potentially associated with a given event
of interest. As the adjusted comparisons take into account
confounding factors, they are thus interpretable.

For this study, a telephone questionnaire was performed
an average of 19 months after the autograft. Although this
post-operative delay was shorter than other studies, our
methodology was very similar to that of Wright et al. and
Shelbourne et al. Nonetheless, our 40.7% response rate for
the questionnaire was much lower than the 86% reported
by Wright et al.or the 78% for Shelbourne et al. [31, 32,
36]. This may be explained by the fact that we contacted
patients uniquely by telephone and without multiple follow-
up calls to request questionnaire completion. The effect of
this potential bias appears to be limited as the population
which did respond to the questions was not significantly
different to that which did not in terms of sex, age, type
and level of sport. The fact the two populations were simi-
lar allowed us to obtain a sample providing more pertinent
results. Furthermore, our population was reflected a large
series of athletes, most of whom practice competitively, with
most reports tending to be for sports as leisure activities.
The impact of the different sports practiced along with their
relationship to graft failure and the level of the sports prac-
ticed was identified. This study challenges current thinking
that hamstring autografts are equivalent to patellar tendon
autografts. Improved fixation systems for hamstring auto-
grafts, and more in-depth evaluation of double bundles or
grafts combined with anterolateral ligament reconstruction
will be valuable in the future. In routine clinical practice,
careful rehabilitation practices are essential to decrease the
rate of graft rupture with hamstring graft.

Conclusion

The rate of graft failure after a hamstring autograft was sta-
tistically higher compared to after a patellar tendon auto-
graft, with graft failure being more frequent in a setting
where return to competitive practice was not significantly
different. Young athletes aged less than 25 years have a
higher risk of repeat ruptures when adjusted for other poten-
tial factors, although sex does not impact risk.
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