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Background: Anterior cruciate ligament (ACL) reconstruction is usually performed with autologous bone–patellar tendon–bone
(PT) or hamstring tendon (HT) graft. There has been only 1 randomized clinical trial examining ACL reconstruction with these grafts
specifically in soccer players, and more studies comparing these graft types within a homogenous cohort such as soccer athletes
may better highlight differences in outcomes.

Purpose: To compare the results of ACL reconstruction with PT versus HT autograft in soccer players and to evaluate objective
and subjective outcomes.

Study Design: Randomized controlled trial; Level of evidence, 1.

Methods: A total of 62 professional or semiprofessional soccer players (mean age, 25.1 years) with ACL injury were randomized to
undergo reconstruction with PT or HT autograft by a single orthopaedic surgeon (n ¼ 31 in each group). Outcome measures were
recorded preoperatively and at 2 years postoperatively. The primary outcome was the modified Cincinnati Knee Rating System,
and secondary outcomes were the objective and subjective International Knee Documentation Committee scores, Lachman test,
pivot-shift test, anterior drawer test, and Lysholm score. The following variables were also evaluated postoperatively: return to
soccer, level at return, graft rerupture, postoperative complications, anterior knee pain, patellar tendinitis, difficulty sprinting, and
loss of kicking power.

Results: The PT and HT groups were homogenous in terms of age, sex distribution, injured side, and time from injury to surgery,
and there was no difference between them on any preoperative outcome score. At 2 years postoperatively, there were no dif-
ferences between the groups on any outcome score; however, there were significantly fewer patients with anterior knee pain in the
HT group compared with the PT group (7 [22.6%] vs 15 [48.4%], respectively; P ¼ .03). Two patients from each group (2/31; 6.5%)
sustained rerupture.

Conclusion: There were no differences between soccer players who underwent different types of ACL reconstruction with the
exception of anterior knee pain, which was more frequent in players who underwent reconstruction with PT graft.

Registration: NCT02642692 (ClinicalTrials.gov).
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Anterior cruciate ligament (ACL) reconstruction has been
recommended to improve knee stability, and a number of
techniques have been proposed and tested, including
synthetic ligament, autograft tendon, allograft tendon,
repair with biologic augmentation, and extra-articular
reconstruction.6,16 Most surgeons prefer bone–patellar

tendon–bone (PT) autografts or hamstring tendon (HT)
autograft because of the favorable results, experience with
graft use, and conventionality.16,20,28

The functional outcome and rerupture rates after ACL
reconstruction with the PT or HT continue to be widely
debated. Superiority of one graft over another has not
been definitively borne out in the literature,4,6,7,9,10,12,16,21,28

as interpretation of outcomes has been clouded by differ-
ences in autograft preparation and fixation techniques,
concomitant knee malalignment, concurrent intra-
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articular lesions, and heterogeneity in return-to-play
protocols.

The risk of experiencing an injury to the ACL is quite low
in the general population11,22,25 but is considerably higher
among players of many popular team sports, including soc-
cer.29 Soccer is the most popular sport worldwide; it has
>260 million active players, of whom 10% are women,
according to the Big Count survey in 2006.32 There has only
been 1 randomized clinical trial comparing PT autografts
and HT autografts specifically in soccer players,23 and more
studies comparing these graft types within a homogenous
cohort such as soccer athletes may better highlight differ-
ences in outcomes.

The objective of this study was to specifically evaluate
the outcomes of PT autograft versus HT autograft ACL
reconstruction in soccer players. The hypothesis of this
study was that HT autograft ACL reconstruction would
provide no statistically significant differences in patient-
reported outcome scores, postoperative level of sports
function, and harvest-site morbidity compared with PT
autograft ACL reconstruction in a matched group of ath-
letes from a specific sport (soccer).

METHODS

Patient Selection and Randomization

Between January 2016 and August 2018, professional or
semiprofessional soccer players with an ACL injury were
evaluated by the knee group and the orthopaedic sports
trauma group at a single public orthopaedic referral hos-
pital in the state of São Paulo, Brazil. The inclusion cri-
teria for admission to the study were as follows:
confirmed unilateral ACL lesion, symptomatic patients
(report of instability), skeletally mature patients with
closed physis, age between 14 and 40 years, no previous
surgery on the affected knee (except for arthroscopic
meniscectomy), <1 year postinjury, and soccer players
who hoped to resume playing soccer after surgery. The
exclusion criteria were degenerative changes (Kellgren-
Lawrence grades 2-4), associated ligament injuries
(except for medial collateral ligament grades 1 and 2),
and intraoperative identification of �1 chondral lesions
>1 cm2. We did not consider soccer players who played
<4 times a week. The protocol for this study received
ethics committee approval, and all included patients
signed an informed consent form.

During the study recruitment period, 87 patients were
screened, and 67 were eligible and randomized into the HT
group or the PT group, depending on the graft used. Ran-
domization was performed using SPSS 13.0 for Windows

(SPSS Inc) by a member of the institution’s statistical group
before the beginning of the study. Three patients were lost to
follow-up, and 2 were excluded because of intraoperative
chondral lesions >1 cm2. The final sample included 62
patients (95% follow-up): 31 in the PT group and 31 in the
HT group (Figure 1).

Surgical Technique and Postoperative
Rehabilitation

All patients were operatively treated by the same surgeon
(L.G.B.G.) or under his supervision. For both groups, the
techniques were the same: the surgical technique involved
arthroscopy, treatment of meniscal and chondral injuries,
and ACL reconstruction with fixation of the flexor tendon
graft (semitendinosus and gracilis) or the PT graft on the
tibia and femur using metal interference screws. The tibial
tunnel was drilled with the knee in flexion using a conven-
tional guide. The femoral tunnel was drilled using the
outside-in technique. No patient was treated with selective
reconstruction of only 1 of the ACL bundles. The grafts
were harvested by an assistant, using No. 1.0 Vicryl (Ethi-
con) for the flexor tendon graft in a 4-strand fashion and
No. 5.0 Ethibond (Ethicon) for the PT graft. Both grafts
were fixed first in the femur, tensioned manually, and then
fixed in the tibia.

Both groups of patients underwent the same institu-
tional timeline-based physical therapy protocol. In the
immediate postoperative period, gain of passive range
of motion began with measures to control effusion. Gait
training using 2 crutches started in the first week; 1
crutch, in 2 weeks; and full weightbearing, in 3 weeks.
Full passive extension was obtained in 1 week, and full
flexion was obtained in 4 weeks. Open kinetic chain
exercises began at 3 months. All patients fulfilled the
following return-to-sports criteria: difference of muscle
strength, hop test, and Y-balance test between sides
<10% and plyometric exercises without pain for 1
month.

Evaluation

The patients were preoperatively and postoperatively eval-
uated using the modified Cincinnati Knee Rating System26

(CKRS) as the primary outcome measure and the objective
International Knee Documentation Committee3 (IKDC),
subjective IKDC, Lachman test, pivot-shift test, anterior
drawer test, and Lysholm score19 as secondary outcome
measures. In addition to these scores, other outcomes were
evaluated postoperatively: return to soccer, level at return,
graft rerupture, postoperative complications, anterior knee
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pain, patellar tendinitis, difficulty sprinting, and loss of
kicking power. The final clinical evaluation was performed
2 years after surgery. This evaluation was made by a sur-
geon who was part of the knee group of our institution but
was not an author. Because of the different types of scars,
blinding was not possible.

Statistical Analysis

The data collected were statistically analyzed using
SPSS 13.0 for Windows (SPSS Inc). For the descriptive
analysis, the qualitative variables were described using
frequencies (numbers and percentages) and graphs. The
quantitative variables were described using summary
measures (means, medians, standard deviations, minima
and maxima). For qualitative versus qualitative infer-
ences, the chi-square test or Fisher exact test was used.
For qualitative versus quantitative inferences, the Stu-
dent t test (parametric) or the Mann-Whitney test (non-
parametric) was used. Both inferences used a 5%
significance level. The modified CKRS was chosen as the
primary outcome. A power analysis using a 2-tailed test
with a power of 80% and an a of .05 showed that a sample
size of 27 patients in each group was needed for a 10-
point difference in modified CKRS score, assuming a
mean ± standard deviation of 90 ± 13 for the control
group.33 Expecting a 20% sample size attrition, 67
patients were randomized.

RESULTS

Patient Characteristics

Of the 62 study patients, 42 were men, and 20 were women.
Surgery was performed on 35 right knees and 27 left knees.
The mean age of the patients was 25.1 years (range, 15-38
years). The average time between injury and surgery was 4
months. All the patients were evaluated within 24 months
after surgery. Age, sex, injury side, subjective IKDC score,
Lysholm score, CKRS score, and time between injury and
surgery were not significantly different between the
groups, indicating that the groups were homogenous dur-
ing the preoperative period (Table 1).

Postoperative Outcome Scores

Regarding the objective outcomes evaluated, there were no
significant differences between the study groups in the
Lachman, pivot-shift, and anterior drawer tests or the
objective IKDC score (Table 2).

Concerning the subjective scores evaluated (Table 3), the
mean postoperative CKRS score of the PT group was 89.61
(range, 48-100), and that of the HT group was 90.97 (range,
48-100). There was no significant difference (P ¼ .40)
between the groups according to the Mann-Whitney test.
The mean IKDC subjective score of the PT group was 88.75
(range, 65-100), and that of the HT group was 91 (range, 58-
100); the scores did not differ significantly (P ¼ .54, Mann-

Assessed for eligibility
(n=87) Excluded (n=20)

♦ Not eligible (n=16)
- Mul�ligament injury (1)
- Bilateral ACL rupture: (2)
- Age <14 or >40 years: (2)
- Previous ACL reconstruc�on (4)
- Played soccer <4 �mes/wk (7)

♦ Refused to par�cipate (n=4)

Allocated to HT autogra� (n=34)
♦ Received allocated interven�on (n=34)

Allocated to PT autogra� (n=33)
♦ Received allocated interven�on (n=33)

Allocation

Lost to follow-up (n=3)

♦ Chondral lesion arthroscopy >1 cm2 (n=1)
♦ No current contact informa�on (n=2)

Lost to follow-up (n=2)

♦ Chondral lesion arthroscopy >1 cm2 (n=1)
♦ No current contact informa�on (n=1)

Follow-up

Enrollment

Randomized (n=67)

Analyzed (n=31) Analyzed (n=31)

Analysis

Figure 1. CONSORT flow diagram. ACL, anterior cruciate ligament; HT, hamstring tendon; PT, patellar tendon.
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Whitney test). The mean Lysholm score of the PT group
was 89.87 (range, 65-100), and that of the HT group was
91.26 (range, 60-100) (P ¼ .50, Mann-Whitney test).

Other Outcomes

In the matter of the return to soccer, only 1 patient did not
return; this patient was from the HT group, and the deci-
sion was not because of knee disability but a personal deci-
sion. Regarding the level of participation at return,
33 (53.2%) patients returned at the same technical level;
25 (40.3%), at a slightly lower level; and 3 (4.8%), at a much
lower level; 1 (1.6%) did not return. In the PT group, 16
(51.6%) returned at the same level, 13 (41.9%) returned at
a slightly lower level, and 2 (6.4%) returned at a much lower
level. In the HT group, 17 (54.8%) returned at the same
level; 12 (38.7%), at a slightly lower level; and 2 (6.4%), at

a much lower level. The difference between the groups was
not significant (P ¼ .71, w2 test).

Graft rerupture was considered when patients sustained
a new sprain, patients experienced a feeling of instability
after the sprain, and the clinical and magnetic resonance
imaging examination showed rerupture. All the reruptures
happened after full return to sports activity. In the PT
group, 2 (6.5%) patients had a rerupture compared with 2
(6.5%) patients in the HT group; there was no significant
difference (P � .99, Fisher exact test). In the PT group, 1
patient experienced rerupture 9 months after surgery; the
other, after 18 months. In the HT group, 1 patient had
rerupture after 12 months; the other, 14 months after
surgery.

Rerupture was also evaluated according to sex. Among
the male patients, there were 3 (7.1%) reruptures, and
among the female patients, there was 1 (5%) rerupture;
there was no significance difference (P ¼ .10, w2 test).

Regarding postoperative complications, there was no
infection (superficial or deep) or arthrofibrosis. Only 3
patients developed cyclops syndrome; 1 of these patients
(HT group) had complete loss of extension and underwent
surgery 3 months after the initial surgery, regaining full
range of motion. The other 2 patients with cyclops syn-
drome (1 in the HT group and 1 in the PT group) did not
lose range of motion but required arthroscopic resection of
the cyclops lesion because of discomfort and progressed
without symptoms after the resection.

The evaluations of the grafts in terms of anterior knee
pain, patellar tendinopathy, hamstring tendinopathy, feel-
ing of loss of kicking power, and feeling of loss of power to
sprint are shown in Table 4. Patellar tendinitis and ham-
string tendinitis were diagnosed clinically and sometimes
using magnetic resonance imaging. Two years after sur-
gery, 7 (22.6%) patients in the HT group reported anterior
knee pain after returning to soccer; in the PT group, 15
(48.4%) patients reported it, and the difference was signif-
icant (P ¼ .03, w2 test). Before the surgery, none of the
patients had significant anterior knee pain. Regarding
postoperative patellar tendinitis, 3 (9.7%) patients in the
HT group and 8 (25.8%) patients in the PT group were

TABLE 1
Preoperative Characteristics of the Study Groupsa

HT Group
(n ¼ 31)

PT Group
(n ¼ 31)

P
Value

Age, y 24.64 ± 5.33 25.2 ± 5.48 .82
Sex, male/female 19/12 23/8 .76
Side affected, right/left 18/13 17/14 .98
Time between injury and

surgery, mo
4.02 ± 4.72 4.42 ± 4.91 .87

aData are reported as mean ± SD or n. HT, hamstring tendon;
PT, patellar tendon.

TABLE 2
Postoperative Objective Outcomesa

HT Group
(n ¼ 31)

PT Group
(n ¼ 31) P Value

Lachman grade .94
0 22 (71) 22 (71)
1 6 (19.4) 7 (22.6)
2 2 (6.5) 1 (3.2)
3 1 (3.2) 1 (3.2)

Anterior drawer test .71
0 22 (71) 21 (67.7)
1 5 (16.1) 8 (25.8)
2 2 (6.5) 1 (3.2)
3 2 (6.5) 1 (3.2)

Pivot-shift test .34
0 20 (64.5) 24 (77.4)
1 8 (25.8) 5 (16.1)
2 2 (6.5) —
3 1 (3.2) 2 (6.5)

IKDC objective score .70
1 15 (48.4) 18 (58.1)
2 13 (41.9) 11 (35.5)
3 1 (3.2) —
4 2 (6.5) 2 (6.5)

aData are reported as n (%). Dashes indicate no patients. HT,
hamstring tendon; IKDC, International Knee Documentation
Committee; PT, patellar tendon.

TABLE 3
Postoperative Subjective Outcomesa

HT Group
(n ¼ 31)

PT Group
(n ¼ 31) P Value

CKRS score .40
Mean ± SD 90.97 ± 13.87 89.61 ± 13.37
Median (range) 96.0 (48-100) 95.0 (48-100)

IKDC subjective score .54
Mean ± SD 91.0 ± 9.07 88.75 ± 9.27
Median (range) 92.0 (58-100) 92.0 (65-100)

Lysholm score .50
Mean ± SD 91.26 ± 9.36 89.87 ± 9.17
Median (range) 94.0 (60-100) 92.0 (65-100)

aCKRS, Cincinnati Knee Rating System; HT, hamstring
tendon; IKDC, International Knee Documentation Committee;
PT, patellar tendon.
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affected, with no significant difference between the groups
(P ¼ .10, w2 test). Regarding postoperative hamstring ten-
dinitis or injury, 7 (22.6%) patients in the HT group and 1
(3.2%) patient in the PT group reported its occurrence, with
no significant difference between the groups (P ¼ .05,
Fisher exact test) but a trend toward more cases in the
HT group. Regarding the feeling of loss of kicking power,
8 (25.8%) patients in the HT group and 9 (29%) patients in
the PT group reported this sensation, with no significant
difference between the groups (P ¼ .77, w2 test). Lastly, 6
(19.4%) patients in the HT group and 4 (12.9%) patients in
the PT group reported loss of sprinting power, with no sig-
nificant difference between the groups (P ¼ .49, w2 test).

DISCUSSION

This is the second prospective and randomized series com-
paring ACL reconstruction with HT autograft versus PT
autograft in soccer players,23 but the present study
included a sample of >42 patients (62 patients). It included
not only professional players but also individuals who play
soccer �4 times a week, who are high-performance athletes
at risk for surgery-related symptoms, new associated inju-
ries, and graft rerupture. There is a debate regarding the
best graft for each sports modality,8 but the answer is
unclear because of the lack of prospective controlled series
according to sports modality. The present study seeks to
contribute to this discussion specifically with regard to soc-
cer, the most practiced sport worldwide.32 Care was taken
with methodological details (randomization method,
inclusion and exclusion criteria, and surgery performed
by the same team experienced with both techniques), but
it was not possible to blind patients because the scars left
from harvesting of the grafts were very clearly different.

In Brazil, soccer is played predominantly by men (96.3%
of the participants),18 but in the present study, a consider-
able number of women underwent surgery (32.3%). This is
because during the sample recruitment period, the hospital
in question had a partnership with women’s soccer teams,
such as the Brazilian women’s soccer team, and served as
the referral surgical hospital for athletes from the profes-
sional team and lower divisions. It is known that women
are more likely to sustain a rerupture,1,2 but this difference
was not identified in the present study since there were 3
(7.1%) reruptures in the men and 1 (5%) in the
women. Recalling that the final assessment was performed
2 years after surgery and that there were 42 male and 20
female patients, which is a small number, it is possible that
a greater number of patients and a longer follow-up would
yield results consistent with the trend of more reruptures
among women. Regarding reruptures in the total sample
(men and women), 2 patients in the PT group and 2 in the
HT group sustained reruptures; thus, there was no differ-
ence between groups. In the literature, some studies have
reported less rerupture and failure with PT auto-
grafts,8,10,13,17,24,27,31,34 but there is no consensus because
other studies have shown no differences between these
grafts.5,12,14,15,21 However, no studies that showed more
reruptures in patients with PT grafts compared with HT
grafts were found.

When evaluating the subjective parameters (CKRS
score, Lysholm score, and IKDC subjective score), very sim-
ilar results were observed between the groups; there was no
significance difference and no trend toward better results
in one group relative to the other in terms of the absolute
values and percentages for these scores, thus reducing the
possibility of a type 2 statistical error. We cannot fully rule
out this possibility, but at first examination, the data do not
lead us to believe it is likely. There are several studies,
including systematic reviews and meta-analyses, that have
compared PT with HT grafts8,13-15,17,27,31 and generally
analyzed the outcomes of physical examinations and
KT1000, IKDC, Lysholm, and CKRS scores,5,16,24,34 and
most of these studies did not indicate differences between
groups in these outcomes.

However, subjective evaluations, such as anterior knee
pain, patellar tendinopathy, hamstring tendinopathy, feel-
ing of loss of kicking power, and feeling of loss of power to
sprint, are less frequently reported in the literature. In
2015, Heijne et al14 compared PT and HT groups and did
not find differences regarding anterior knee pain or eccen-
tric or concentric quadriceps torque. They found a differ-
ence in pes anserinus strength at 2 years after surgery, but
the difference had disappeared 5 years after surgery. In the
present study, anterior knee pain was more frequent in the
PT group. The strength of the quadriceps and knee flexors
was not evaluated; however, the feeling of loss of kicking
power and of sprint start was evaluated, and no significant
differences were observed. Additionally, in 2013, Moham-
madi et al23 compared soccer players who had undergone
ACL reconstruction with PT and HT grafts and obtained
better results in the HT group for quadriceps torque and on
proprioceptive tests (triple hop, crossover hop, and jump
landing). In 2015, Kautzner et al15 compared PT versus

TABLE 4
Other Postoperative Outcomesa

HT Group
(n ¼ 31)

PT Group
(n ¼ 31) P Value

Patellar tendinitis .10
Yes 3 (9.7) 8 (25.8)
No 28 (90.3) 23 (74.2)

Anterior knee pain .03
Yes 7 (22.6) 15 (48.4)
No 24 (77.4) 16 (51.6)

Hamstring tendinitis .05
Yes 7 (22.6) 1 (3.2)
No 24 (77.4) 30 (96.8)

Loss of kicking power .77
Yes 8 (25.8) 9 (29.0)
No 23 (74.2) 22 (71.0)

Loss of sprint start .49
Yes 6 (19.4) 4 (12.9)
No 25 (80.6) 27 (87.1)

aData are reported as n (%). Bolded P value indicates a statis-
tically significant difference between groups (P < .05). HT, ham-
string tendon; PT, patellar tendon.
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HT grafts in women and did not find significant differences
in relation to functional scores, stability, or rerupture. They
found only a greater frequency of anterior knee pain in the
PT group in the first 6 months after surgery. In 2016, Web-
ster et al33 evaluated stability, functional scores, anterior
knee pain, pain on kneeling, and extension deficit. No dif-
ference was found 15 years after surgery, but there was a
difference in extension deficit at 3 years after surgery for
the PT group. Another interesting recent study, published
in 2020 by Smith et al,30 showed that athletes who undergo
reconstruction with PT require longer rehabilitation before
returning to sports than do patients who receive autologous
or soft tissue allograft HT grafts. Although it is not possible
to compare those data with the results of our study because
we did not evaluate this variable, it is worth mentioning
this finding because it suggests a possible advantage of the
HT graft that should be reevaluated in future studies.

The limitations of the present study include the sample
size. Despite the sample size calculation performed, only
the CKRS score was used as an outcome, and more patients
are probably necessary for the evaluation of the other out-
comes. Additionally, the study was not blinded, the follow-
up time was only 2 years, and the 2 sexes were mixed in the
total sample. Furthermore, some outcomes were not
assessed: time for return to sporting activity, patient satis-
faction, hamstring muscle strength, quadriceps muscle
strength, and hip or knee range of motion. Also, our evalu-
ation was only at 2 years.

CONCLUSION

The evaluated outcomes did not show differences between
soccer players who underwent ACL reconstruction with PT
versus HT grafts, according to the hypothesis that there
would be no difference, except in the case of anterior knee
pain, which was more frequent in the PT group. Additional
series with a similar method are needed for further
conclusions.
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