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Research Paper
Return to Sports Activity in Anterior Cruciate Liga-
ment Reconstruction: 4-Strand Hamstring vs Quad-
riceps Tendon

Background: Graft type selection is still a controversial issue in anterior cruciate ligament 
(ACL) reconstruction. The type of graft is a determinant of return to sport and its quality.

Objectives: This study aims to evaluate results and rate of return to sport using quadriceps 
autograft compared to hamstring autograft.

Methods: The present prospective cohort study investigated the results of using quadriceps and 
hamstring autografts in athletes with an ACL tear. Our variables included age, sex, and body mass 
index, type of sports activity, infection, meniscus tear and chondral lesion, time and quality of 
return to sport, range of motion, KT-1000, Lachman and knee injury and osteoarthritis outcome 
score, international knee documentation committee grade, and Lysholm score.

Results: A total of 71 out of 139 studied patients were operated on hamstring autografts and 
68 patients by quadriceps autografts. The patients showed no significant differences (P>0.05) 
in terms of age, sex, body mass index, sports group, and meniscus tear. In the final follow-up, 
the chondral lesion was 26.47 vs 16.90, anterior knee pain was 5.8 vs 2.81, and the return to 
sport was 71.64 vs 78.87 in the quadriceps group vs the hamstring group. The extension loss 
involved 2 patients per group. The scores of the international knee documentation committee and 
knee injury and osteoarthritis outcome, the Lysholm test, KT-1000, and the Lachman test had no 
significant differences in the two groups.

Conclusion: The results of the present study indicated that the use of both quadriceps and 
hamstring autografts was appropriate for the ACL tear. Also, the orthopedic surgeon should be 
responsible for deciding to select one of the two grafts.
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1. Introduction

n anterior cruciate ligament (ACL) tear 
is the most common knee injury that re-
quires surgical intervention. It is estimated 
that more than 100 000 ACL reconstruc-
tions are done each year in the United 

States [1]. The risk of an ACL tear in athletes is 10 times 
higher than in the general population; female athletes are 
2 to 8 times more likely to be injured compared to male 
athletes [2, 3]. 

Even though numerous studies have reported various 
surgical techniques for ACL reconstruction with excel-
lent clinical outcomes, graft type selection is still contro-
versial [4]. The use of any type of graft is accompanied 
by special side effects. Examining these complications 
and their prevalence can help physicians and patients to 
choose the best treatment. Meanwhile, it is argued that 
hamstring tendons produce successful clinical results 
with minimal skin incision and complications of har-
vesting [5], and reduce the anterior knee pain and the 
pain while kneeling [6]. On the other hand, studies in-
dicate that the reduction in the flexor force of the knee 
is an important disadvantage of the hamstring tendon 
[7]. According to conducted studies on quadriceps ten-
don autograft, we can expect to reduce the side effects of 
graft donation location; however, it seems that ACL re-
construction is lately being done by the bone-quadriceps 
tendon [1]. 

Objectives

The time to return to sport is a big challenge for ath-
letes with an ACL tear and their physicians, and surely 
the type of graft is the determinant in returning to sport 
and its quality. On the other hand, the return to sport can 
be affected by various factors, such as associated lesions 
and knee pain rate. According to the above points and the 
high prevalence of ACL tear in athletes and considering 
the results of various studies on the type of appropriate 
graft, there is still no consensus on this issue. The present 
study aims to investigate the use of two grafts and their 
impact on return to sport in athlete patients referred to 
our university hospital from 2013 to 2016.

2. Methods

Study Protocol 

This is a prospective cohort study that includes athletes 
who had undergone arthroscopic surgery from 2013 to 
2016 at the orthopedic academic center for ACL rupture. 

These patients were referred to our orthopedic academic 
center and were candidates for ACL reconstructive sur-
gery. They were divided randomly into two groups of 
4-strand hamstring tendon autograft recipients and quad-
riceps autograft tendon recipients on the base of quadru-
ple blocks. Then, they were followed up 3, 6, 12, and 24 
months after surgery.

Ethical considerations

All patients were surgically treated by the orthopedic 
surgeon, the senior author of the study. This study was 
approved by the University’s Ethics Committee with the 
ethics number IR.GUMS.REC.1396.80. The study is 
also registered at the Iranian Registry of Clinical Trials 
(IRCT) (IRCT201706107274N13). All volunteers have 
signed a consent form before the study and their personal 
information will remain confidential.

Inclusion criteria

The inclusion criteria comprised the following items:

ACL rupture defined as +3 Lachman test in physical 
examination confirmed by knee Magnetic Resonance 
Imaging (MRI) as complete rupture;

Individuals in the age range of 18 to 50;

Regular exercisers, i.e., individuals who exercise 20 
min or more 3 times a week or more;

Providing consent for participation in the study.

Exclusion criteria

The exclusion criteria comprised the following items:

Any history of knee surgery;

History of ACL rupture in the opposite knee;

Any injuries in knee ligaments other than lateral and 
medial meniscus;

Abnormal radiography of the knee;

Any signs or symptoms in hip or ankle;

ACL injuries caused by car accidents;

Multiple ligament injuries.

Formulation of the Questionnaires

A
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The studied variables included age, sex, body mass in-
dex (BMI), type of exercise (soccer; martial arts; wres-
tling; ball sports, including volleyball, basketball, hand-
ball; and other sports), acute and or chronic infections, 
simultaneous injury in internal and external meniscus, 
chondral lesion, time to return to exercise, quality of 
return to exercise (similar to before the injury, weaker, 
no reluctance to continue, stopping), range of motion 
(ROM), Lachman test (+3-0), knee injury and osteoar-
thritis outcome (KOOS) score, and the Lysholm score. 
Meanwhile, the international knee documentation com-
mittee (IKDC) and KT-1000 (by arthrometer) were filled 
by the participants and the examiner.

Of the 278 patients with ACL rupture who were re-
ferred to our academic center, 173 were eligible for this 
study. Among them, 89 patients were operated on using 
4-strand hamstring autograft tendons and 84 were oper-
ated on using quadriceps tendons. However, 139 patients 
(71 patients in the hamstring group and 68 patients in the 
quadriceps group) provided complete information, com-
pleted the questionnaires, and had complete follow-up 
references.

Surgical techniques

Surgery by hamstring autograft

The routine diagnostic arthroscopy was first performed 
to confirm the ACL tear and find any intra-articular pa-
thology. A 3-cm anteromedial incision was made on the 
tibia approximately 4 cm distal to the joint surface and 3 
cm medial to the tuberosity of the tibia. The pes anserine 
emerged by subcutaneous dissociation. Subcutaneous 
dissociation was done up to the tendon insertion on the 
tibial crest to maintain the maximum length. Toxic ten-
dinosus and gracilis tendons with 10-mm tendon stripper 
of the tendon were removed from the abdominal muscle 
in the proximal site. A 4-layer graft was used for the ACL 
reconstruction. The arthroscopic method with the antero-
medial portal technique was used to rim the femoral tun-
nel and then the tibia tunnel was embedded. The fixation 
of the femoral side was done by tibial endobutton and 
fixation through absorbable interference Misibio screw.

Surgery by quadriceps autograft

The routine diagnostic arthroscopy was first done to 
confirm the ACL tear and find any intra-articular pathol-
ogy. Then, a strip with a width of 10-12 mm, a thickness 
of 7-8 cm, and a length of 90-110 mm was harvested 
from the quadriceps tendon in a 90-degree knee flexion 
with a longitudinal cut in the distal quadriceps’ tendon 

until the superior patella pole in a length of 3-5 cm. In 
the distal site, a bone block was harvested from the pa-
tella with a length of 20-25 mm. The harvesting of the 
quadriceps tendon was repaired with absorbable sutures. 
The graft was accurately measured and a tunnel with the 
appropriate size was created according to the diameter of 
the tendon in the femur and tibia. The femur tunnel was 
first created in the trans portal form, and then the tibia 
tunnel was created by a 1-2 cm incision in the medial 
proximal tibia. The desired graft was then placed in both 
tunnels so that the bone block was placed on the tibial 
tunnel side. The bioabsorbable interference screw of the 
same size as the tunnel was used to fixate the tendon on 
both sides of the femur and the tibia. 

Statistical analysis 

After data collection, they were recorded in the SPSS 
software, version 21. The data were also described ac-
cording to the frequency and percentage as well as the 
mean, Standard Deviation (SD), and median. The Chi-
square and Fisher exact tests were used to compare the 
frequency of the qualitative variables in two types of the 
studied grafts. In the case of normal distribution, the in-
dependent t test was used to compare scores in two stud-
ied grafts; otherwise, the Mann-Whitney test was used. 
The Mann-Whitney test was used to compare ranking 
variables in the two groups. The significance level of the 
tests was considered P<0.05. 

3. Results

The present study investigated 139 patients with an 
ACL tear who were referred to our orthopedic academic 
center from 2013 to 2016. A total of 71 patients were 
operated on using the 4-layer hamstring autograft and 
68 patients with quadriceps autograft tendon. The mean 
age of the patients was 31.5±1.25 years, and the highest 
age group was less than 30 years (47.48); meanwhile, the 
majority of the participants were male (84.17). 

The distribution of age, sex, BMI, and sports group 
were the same and no statistically significant difference 
was observed in the two groups (P>0.05). Table 1 sum-
marizes the demographic characteristics of the patients. 

In the studied population, 26.47 of the patients in the 
quadriceps group and 16.90 in the hamstring group had 
a grade of 1 to 4 of the chondral lesion in the internal 
condyle, external condyle, internal plateau, and patella 
(P=0.170). However, there was no statistically signifi-
cant difference between the two groups in terms of in-
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ternal and external meniscus tear (P = 0.997). Table 2 
presents the associated problems of the studied patients. 

One person per group had knee pain during kneeling 
in the final follow-up (2 years after surgery). Further-
more, 4 subjects of the quadriceps group and 2 subjects 
of the hamstring group complained about anterior knee 
pain in the last follow-up (5.8 vs 2.8). Table 3 presents 
the degree of pain in kneeling and the anterior knee pain 
in two groups in all follow-up intervals. Acute infection 
was seen only in one patient in the hamstring group; the 
effective treatment was done and the patient achieved a 
complete recovery. None of the patients suffered from 
chronic infections. 

In the final follow-up (2 years after surgery), 2 patients 
of the quadriceps group and 2 patients of the hamstring 
group had extension loss of about 5 degrees. The flexion 
was complete with 135 degrees in all patients. The mean 
time of return to sport was 32.52±0.9 weeks in the quad-
riceps group and 31.36±1.44 in the hamstring group. 
Furthermore, 48 patients (71.64) of the quadriceps group 
and 56 patients (78.87) of the hamstring group returned 
to sports fields. Table 4 provides the rates of return to 
sport in patients of the two groups with the chondral le-
sion, internal or external meniscus tear, anterior knee 
pain, and extension loss. 

Table 1. Demographic characteristics of all patients and patients with quadriceps or hamstring tendon auto grafts reconstruction

Variables
No. (%)

All Patients Quadriceps Tendon Autograft Hamstring Tendon Autograft

Number of patients 139(100) 68(48.92) 71(51.07)

Sex

Male 117(84.17) 57(83.82) 60(84.50)

Female 22(15.82) 11(16.17) 11(15.49)

P 0.912

Age (years)

≤ 30 66(47.48) 31(45.58) 35(49.29)

30-40 44(31.65) 22(32.25) 22(30.98)

41-50 29(20.86) 15(22.05) 14(19.71)

P 0.899

Body Mass Index

≤20 5(3.59) 2(2.94) 3(4.22)

20-25 75(53.95) 36(52.94) 39(54.92)

25-30 50(35.97) 25(36.76) 25(35.21)

30 ≤ 9(6.47) 5(7.35) 4(5.63)

P 0.953

Type of sports 

Soccer 83(59.71) 38(55.88) 45(63.38)

Basketball, volleyball and handball 27(19.42) 15(22.05) 12(16.90)

Martial arts 18(12.94) 10(14.70) 8(11.26)

Wrestling 6(4.31) 3(4.41) 3(4.22)

Other 5(3.59) 2(2.9) 3(4.22)

P 0.868

Mardani-Kivi M, et al. ACL Reconstruction: Four Strand Hamstring VS Quadriceps Tendon. J Res Orthop Sci. 2022; 9(1):41-52



45

 February 2022. Volume 9. Number 1

Table 2. Associated problems in patients with quadriceps or hamstring tendon autografts reconstruction

Variables
No. (%)

P
Quadriceps Tendon Autograft Hamstring Tendon Autograft

All patients 68(48.92) 71(51.07)

0.17
Chondral lesion

Yes 18(26.47) 12(16.90)

No 50(73.52) 59(83.09)

Tear of meniscus
Yes

Lateral meniscus 14(20.58) 15(21.12)

0.997Medial meniscus 26(37.23) 27(38.02)

No 28(41.17) 29(40.84)

Table 3. Complications in patients with quadriceps or hamstring tendon autografts reconstruction

PHamstring Tendon AutograftQuadriceps Tendon AutograftType of Graft

241263241263241263Follow-up (Month)

P
No. (%)

Type of Graft
Hamstring Tendon AutograftQuadriceps Tendon Autograft

0.7410.5160.3610.524
1(1.4)2(2.8)4(5.6)4(5.6)1(1.4)1(1.4)2(2.9)3(4.4) YesPain when 

kneeling 70(98.5)69(97.1)67(94.3)67(94.3)67(98.5)67(98.5)66(97.0)65(95.5)No

0.3200.2950.4950.533
2(2.8)3(4.2)5(7.0)7(9.8)4(5.8)6(8.8)  7(10.2)9(13.2)YesAnterior 

knee pain 69(97.1)68(95.7)66(92.9)64(90.1)64(94.1)62(91.1)61(89.7)59(6)No

Table 4. Rate of return to exercise in patients with two types of chondral lesion, rupture of internal or external meniscus, ante-
rior knee pain and extension loss

P

Return to Sports StatusTotal

Variables No. (%)
N

StoppedUnwillingnessWeakerSimilar to Injury

0.001
13(72.2)2(11.1)3(16.6)018Yes

Chondral esion

Quadriceps Tendon 
Autograft

5(10)05(10)40(80)50No

0.264
10(25)1(2.5)7(17.5)22(55)40YesTear of me-

niscus 8(28.5)1(3.5)1(3.5)18(64.2)28No

0.017
4(100)0004YesAnterior knee 

pain 14(21.8)2(3.1)8(12.5)40(62.5)64No

0.039
2(100)0002Yes

Extension loss
16(24.2)2(3.0)8(12.1)40(60.6)66No

0.001
8(66.6)1(8.3)3(25)012Yes

Chondral lesion

Hamstring tendon 
autograft

5(8.4)1(1.6)7(11.8)46(77.9)59No

0.258
9(21.4)2(4.7)10(23.8)21(50.0)42YesTear of 

meniscus 4(13.7)0025(86.2)29No

0.003
2(100)0002YesAnterior knee 

pain 11(15.9)2(2.8)10(14.4)46(66.6)69No

0.017
2(100)0002Yes

Extension loss
11(15.9)2(2.8)10(14.4)46(66.6)69No
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Table 5. Lysholm scores of the patients with quadriceps or hamstring tendon autografts reconstruction

On Latest Follow-upPreoperative

Lysholm Score No. (%)

HamstringQuadricepsHamstringQuadriceps

0063(88.73)63(92.64)< 64 (poor)

3(4.22)4(5.88)8(11.26)5(7.35)65-83 (fair)

28(39.43)  27(39.70)0084-94 (good)

40(56.33)37(54.41)0095-100 (excellent)

0.7660.430P

Table 6. Lachman scores of the patients for hamstring compared to quadriceps autograft

on Latest Follow-upPreoperative

Lachman Test No. (%)

HamstringQuadricepsHamstringQuadriceps

60(84.50)59(86.76)12(16.90)10(14.70)0

6(8.45)5(7.35)28(39.43)30(44.11)1

3(4.22)3(4.41)25(35.21)23(33.82)2

2(2.81)1(1.47)6(8.45)5(7.35)3

0.6960.905P

Table 7. Comparison of KT-1000 measurements for hamstring compared to quadriceps autograft (side-to-side difference) on 
latest follow-up 

Side-to-Side Difference
No. (%)

Quadriceps Hamstring

< 3 mm 58(85.29) 57(80.28)

3-5 mm 8(11.76) 12(16.90)

< 5 mm 2(2.94) 2(2.81)

P 0.453

Table 8. Preoperative and on latest follow-up objective international knee documentation committee grading

IKDC-6

Grade

PNo. (%)

 Normal (90-100) Nearly Normal (80-89) Abnormal (70-79) Severely Abnormal (70>)

Preoperatively
Quadriceps 0 19(27.94) 42(61.76) 7(10.29)

0.824
Hamstring 0 20(28.16) 46(64.78) 5(7.04)

On latest follow-up
Quadriceps 49(72.05) 13(19.11) 6(8.82) 0

0.904
Hamstring 50(70.42) 18(25.35) 3(4.22) 0

Mardani-Kivi M, et al. ACL Reconstruction: Four Strand Hamstring VS Quadriceps Tendon. J Res Orthop Sci. 2022; 9(1):41-52
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The Lysholm score had a significant improvement in both 
groups compared to pre-operation so 64 patients (94.11) of 
the quadriceps group and 68 patients (95.76) of the ham-
string group had good to excellent results in the final fol-
low-up (Table 5). In the final follow-up, 59 patients (86.76) 
of the quadriceps group and 60 patients (84.50) of the 
hamstring group had zero Lachman test, and only 1 patient 
(1.47) of the quadriceps group and 2 patients (2.8) of the 
hamstring group had Lachman +3 (Table 6). The KT-1000 
tool was also used to assess knee stability. According to the 
results, 58 patients (85.29) of the quadriceps group and 57 
patients (80.28) of the hamstring group had side-to-side dif-
ferences of less than 3 mm (Table 7).

The IKDC tool was employed for all patients before 
surgery in the final follow-up and 49 patients (72.05) 
of the quadriceps group and 50 patients (70.42) of the 
hamstring group had normal IKDC (90-100) (Table 8). 
The KOOS tool, including 5 items namely pain, other 
symptoms, sports/ recreation, Quality of Life (QOL), 
and Activities of Daily Living (ADL) were studied in all 
patients and no significant difference was observed be-
tween the two groups in any of the subscales (Table 9). 
Also, the two study groups were compared after remov-
ing patients with a meniscus tear and chondral lesion and 
the results are shown in Table 10 and Table 11.

Table 9. Average of knee injury and osteoarthritis outcome subscales for hamstring compared to quadriceps autograft 

KOOS Subscales

Mean

Preoperatively On Latest Follow-up

Quadriceps Hamstring Quadriceps Hamstring P

Pain 51.33 52.39 91.95 93.39 0.122

Symptoms 52.88 51.53 92.33 94.16 0.042

Sports / recreation 53.39 54.77 94.76 95.81 0.022

Quality of life 52.33 54.67 88.60 91.27 0.109

Activities of daily living 55.13 54.69 91.52 92.85 0.265

Total KOOS scores 53.01 53.61 91.83 93.49

KOOS: Knee injury and osteoarthritis outcome; SD: Standard deviation. 

Table 10. Comparison of lysholm score and lachman test in two groups after excluding meniscus and chondral injury patients 

Scors
No. (%)

P
Hamstring Quadriceps

Lysholm.before

Poor 23(88.5) 20(90.9)

0.581
Fair 3(11.5) 2(9.1)

Good 0 0

Excellent 0 0

Lysholm.last

Poor 0 0

0.203
Fair 0 0

Good 13(50.0) 7(31.8)

Excellent 13(50.0) 15(68.2)

Lachman.before

0 6(23.1) 3(13.6)

0.396
1 9(34.6) 9(40.9)

2 9(34.6) 7(31.8)

3 2(7.7) 3(13.6)

Lachman.last

0 24(92.3) 20(90.9)

0.390
1 2(7.7) 1(4.5)

2 0 1(4.5)

3 0 0
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4. Discussion

Hamstring tendons are among the most commonly 
used grafts in the ACL reconstruction of the knee and 
they allow successful clinical outcomes with minimal 
skin incision, harvesting complications, and extensor 
mechanism dysfunction [5]. Quadriceps tendon auto-
graft is also preferred in surgery revision or patients with 
multiple ligament injuries despite its less application [6]. 
In the present study, these two types of grafts were ac-
curately investigated in 139 athletes with an ACL tear. 
In this study, there was no significant difference between 
the two groups in terms of age, sex, BMI, sport type, 
and tear of meniscus; hence, both groups matched in the 
above cases. 

The return to sport is surely a challenging issue for ath-
letes with ACL tear; hence, it is important to choose a 
graft that has the fastest time of return to sport with the 
same pre-injury quality. In the present study, the return to 

sport was more acceptable in the hamstring group com-
pared to the quadriceps group, but it was not statistically 
significant (71.64 in the quadriceps group vs 78.87 in the 
hamstring group). In similar studies, the rate of return to 
sport after ACL reconstruction decreased to 67 [8] and 
58 [9] by hamstring autograft, and 71 [10] by quadri-
ceps tendon-patellar bone autograft, 65 by the patellar 
tendon, and hamstring graft, and 24 [11] by the full re-
turn to sport. However, a systematic survey reported that 
only 60 of non-elite athletes returned to a similar level 
of sports activities before the ACL tear [12]. In another 
study, more than 25 of athletes with ACL tear could not 
return to sport activity levels of before-ACL tear even 
after successful surgery and rehabilitation [13]. 

Meniscus tear and early onset of arthritis are the most 
important complications of an ACL tear. The prevalence 
of meniscus tear in the damaged knee was 40 in the first 
year, 60 in 5 years, and 80 in 10 years. The radiographic 
changes associated with osteoarthritis were reported in 

Table 11. Comparison of IKDC and KOOS Score in two groups after excluding meniscus and chondral injury patients 

Group Statistics Groups n Mean±SD P

IKDC.before
Hamstring 26 76.15±6.064

0.162
Quadriceps 22 73.23±8.176

IKDC.last
Hamstring 26 92.15±5.475

0.877
Quadriceps 22 91.91±5.398

KOOS.pain
Hamstring 26 92.31±5.836

0.788
Quadriceps 22 91.82±6.709

KOOS.symptom
Hamstring 26 93.69±5.555

0.758
Quadriceps 22 93.23±4.669

KOOS.sport
Hamstring 26 96.08±2.952

0.076
Quadriceps 22 94.27±3.918

KOOS.QOL
Hamstring 26 90.04±9.755

0.986
Quadriceps 22 90.09±10.840

KOOS.ADL
Hamstring 26 92.35±5.734

0.128
Quadriceps 22 89.14±8.537

Before.KOOS.pain
Hamstring 26 52.12±3.229

0.323
Quadriceps 22 51.14±3.509

Before.KOOS.symptom
Hamstring 26 50.27±3.293

0.006
Quadriceps 22 54.00±5.099

Before.KOOS.sport
Hamstring 26 55.65±6.216

0.098
Quadriceps 22 53.23±3.545

Before.KOOS.QOL
Hamstring 26 54.15±4.696

0.949
Quadriceps 22 54.23±2.776

Before.KOOS.ADL
Hamstring 26 54.38±4.700

0.274
Quadriceps 22 55.82±4.182

KOOS: Knee Injury And Osteoarthritis Outcome; IKDC: The International Knee Documentation Committee; ADL: Activities 
Of Daily Living; QOL: Quality of Life; SD: Standard Deviation.
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60 to 90 of patients within 10 to 15 years after ACL tear 
[1, 14]. The associated injuries with an ACL tear, such as 
a chondral lesion certainly play important roles in return-
ing to sports activities. Webster et al. found that patients 
with a chondral lesion, especially those with grades 3 
and 4, had less chance to return to the same level of pre-
injury sport [15]. However, it seems that problems, such 
as meniscus tear do not have any significant effect on the 
return to sport. According to a study by Anthony et al., 
patients with meniscus tear can have the same level of 
pre-injury sports by certain exercises [16]. The results of 
the present study also confirmed the results the above-
mentioned studies. In the present research, 18 patients 
(26.4) of the quadriceps group and 12 patients (16.9) of 
the hamstring group had a chondral lesion. Furthermore, 
57.8 of the quadriceps group and 59.1 of the hamstring 
group had an internal or external meniscus tear. How-
ever, among the patients with a meniscus tear, 72.5 of the 
quadriceps group and 73.8 of the hamstring group (more 
than 70 in both groups) returned to their sports activities. 
Among the patients with a chondral lesion, 16.6 in the 
quadriceps group and 25 in the hamstring group man-
aged to continue their sports activities. Since the number 
of patients with chondral lesion did not match in both 
groups, the greater rate of return to sport in the hamstring 
group was probably associated with a lower rate of the 
chondral lesion in patients of this group. According to 
our results, the type of graft did not affect the return to 
sports in patients with the chondral lesion. 

Knee pain is also an important factor in not returning to 
sports. Studies have found that the anterior knee pain and 
kneeling pain decrease in patients with a hamstring [6, 
17], and this is perhaps another reason for the effect of 
more successful hamstring tendon surgery on the return 
to sports. In the present study, anterior knee pain in the 
final follow-up was observed in 4 patients of the quadri-
ceps group and 2 patients of the hamstring group (5.88 
vs 2.81). Although the anterior knee pain has a lower 
prevalence in quadriceps tendon graft compared to the 
bone-patellar tendon autograft, the anterior knee pain 
may have a lower prevalence in the hamstring tendon 
autograft compared to both quadriceps graft and bone-
patellar tendon autograft. The present study found a link 
between anterior knee pain and non-return to sport, as 
none of the patients, who complained of anterior knee 
pain in the last follow-up, were unable to continue their 
sports activities. However, insufficient rehabilitation 
after ACL surgery is also an important reason for not 
returning to sports. Despite regular follow-ups of the 
patients, it was impossible to study the physiotherapy 
method after the surgery in the present study. In addition 
to pain, other reasons for not returning to sports include 

the lack of risk-taking, fear of re-injury, and inability to 
perform sports activities. Psychological factors affect the 
return to sport after ACL rupture [18]. Psychological fac-
tors and negative emotions, such as anxiety and fear can 
affect the patient’s return to sport as a challenging issue 
when they are injured and throughout the rehabilitation 
period [18]. Psychological readiness is a psychological 
factor in the field of return to sport after ACL rupture. 
Psychological readiness tests can be an important ele-
ment in optimizing the return to sport rate [19] which 
was not investigated in the present study. 

Extension loss is another factor in not returning to 
sports. According to the results of the present study, the 
extension loss of about 5 degrees was seen in 4 patients 
(2 patients of the hamstring group and 2 patients of the 
quadriceps group) in the last follow-up; and all 4 pa-
tients failed to return to their sports activities. Studies 
have found that the extension loss using the hamstring 
tendon largely decreased compared to the patella tendon 
graft. ACL reconstruction using the hamstring tendon 
maintained the extensor mechanism and prevents the 
muscle atrophy of the quadriceps [20]. In a study, the 
minor extension loss after the ACL reconstruction was 
much more common in patients with bone patellar ten-
don-bone autograft compared to hamstring [21]. In an-
other study, the extension loss occurred in 52 of the bone 
patellar tendon bone autograft and 27 of the hamstring 
group [22]. Even though extension loss is an important 
advantage of hamstring graft, it seems that reducing the 
flexor force is an important disadvantage of this type of 
graft [7, 23]. In a study by Joon Kyu Lee et al., the knee 
joint stability and functional outcomes were similar in 
hamstring and quadriceps grafts, while the flexor muscle 
strength was better in bone quadriceps tendon grafts 
[24]. Svensson et al. also found that the use of an in-
ternal hamstring graft after arthroscopic repair of ACL 
could cause muscle weakness in the knee bending and 
delay healing the bonding site [25]. However, the flexor 
strength was complete in both groups and the same as 
before the tear in the present study. In any case, a precise 
and complete rehabilitation may decrease the probabil-
ity of extension loss and reduced flexion in any graft, 
and increase the chance of returning to sports activities, 
as Shelborn and Tites argued that the post-operative re-
habilitation program reduced the problem of short knee 
extension domain that was the common problem in the 
ACL reconstruction by bone patellar tendon bone au-
tograft [26]. They also stated that if surgeons were not 
sure of the acceptance and follow-up of the post-opera-
tive physiotherapy program by the patients, they should 
recommend ACL reconstruction by hamstring graft. 
The achievement of the acceptable results in extension 
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and excellent results in knee flexion in both groups was 
probably because of the successful rehabilitation in both 
groups in the present study. 

According to our results, only one patient in the ham-
string group was diagnosed with acute infection, and no 
disease was reported in the quadriceps group. In other 
studies, 2 patients [27] and 6 patients (out of 1318 pa-
tients) [17] had infections with hamstring autograft. In 
another study, there was no case of infection in patients 
by semitendinosus-gracilis and quadriceps autograft 
[28]. The results of the above-mentioned studies were 
consistent with the present study. Although the failure to 
observe any case of infection was not statistically signifi-
cant in the quadriceps group compared to the hamstring 
group, it can be a positive point in using the quadriceps 
tendon autograft in the present study. 

Based on the present study, the indices, namely KT-
1000, the Lysholm, and the Luchman significantly im-
proved in the final follow-up as indices for assessing 
knee stability. A total of 86.7 of the quadriceps group 
and 84.5 of the hamstring group had zero Luchman and 
KT-1000 was less than 3 mm in 85.2 of the quadriceps 
group and 80.2 of the hamstring group. The results in-
dicated a relatively similar improvement in patients of 
both groups. Another two studies found the same stabil-
ity between hamstring and quadriceps grafts of bone-
quadriceps tendon via arthrometric and manual methods 
[29, 30]. Our results were better than some studies [31] 
and similar to other studies [1, 32, 33]. 

According to Svensson et al., although hamstring 
graft has no complications, such as patellofemoral pain, 
weakness of the quadriceps femoris muscle, and patella 
fracture like bone patellar tendon bone autograft, it has 
other side effects, such as post-operative knee instabil-
ity [25]. Several meta-analyses also indicated that in the 
case of using hamstring grafts, the joint laxity increased, 
but fewer complications occurred in the graft harvesting 
site [34]. However, there was no significant difference 
between the two groups in terms of knee stability in the 
present study. 

In the present study, the IKDC and KOOS score val-
ues indicated significant improvement in both groups as 
the functional knee criteria in the final follow-up. In a 
study by Leiter et al., IKDC was normal (90-100) in 75 
of the patients with a hamstring [35]. In a study by Leys 
et al., the mean IKDC was 90 (normal) in the hamstring 
group [36]. Furthermore, Charlton et al. also reported the 
mean IKDC equal to 81 (nearly normal) in patients with 
hamstring tendon graft and bio-absorbable interference 

screw fixation [37]. On the other hand, in a study by Lee 
et al., the IKDC score had a grade of A or B (normal and 
nearly normal) in 94 of patients who were treated with 
quadriceps autograft [1]. In the present study, 72.05 of 
patients in the quadriceps group and 70.42 in the ham-
string group had normal IKDC. However, no significant 
difference was observed between the IKDC score and all 
KOOS subscales scores in patients of both groups in the 
final follow-up. 

Similar to the present study, Kim et al. found a signifi-
cant difference in functional outcomes between bone 
quadriceps tendon and single-bundle hamstring tendon 
graft [37]. 

Relatively small sizes of the groups were among the 
limitations of the present study because we only used 
the information of the patients who were present in all 
follow-up intervals and had complete and accurate in-
formation. 

However, the presence of only a surgeon to perform 
all surgeries and having matched participants of both 
groups in terms of age, sex, athletic groups, and menis-
cus tear made the results of the present study more valu-
able and comparable. 

5. Conclusion

According to the results of the present study, the rate 
of return to sport in patients with quadriceps autografts 
was slightly lower than in patients with hamstring au-
tografts in a 2-year follow-up of athletes with an ACL 
tear. This reduction was probably because of the higher 
chondral lesion in quadriceps group patients. There were 
no significant differences in results of the both groups. 
It seems that orthopedic surgeons should be responsible 
for selecting suitable grafts for patients with an ACL tear 
to make the best decisions by considering post-operative 
rehabilitation conditions and methods.
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