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 Background: The aim of this study was to evaluate the reconstruction of a torn anterior cruciate ligament (ACL) with 10 mm 
diameter BPTB (bone-patellar tendon-bone) autograft versus 8 mm HT (hamstring tendon) autografts, to com-
pare the ability to restore pre-injury sports activities and reduce revision risk after these procedures.

 Material/Methods: A prospective clinical review was performed to compare results of patients who underwent primary anatom-
ical ACLR with 10 mm BPTB autografts with patients who underwent 8 mm diameter HT autografts, between 
January 2011 and January 2014.

 Results: There were 183 patients evaluated: the 8 mm HT group showed statistically significant higher knee laxity val-
ues compared to the 10 mm BPTB group (p=0.042), and significant difference were detected in subjective 
International Knee Documentation Committee (IKDC) evaluation scores; the average subjective IKDC evalua-
tions after two-year follow-up in the HT group was 88.45±2.8 versus 89.24±2.5 in BPTB group (p=0.047). In 
the evaluation of the IKDC objective protocol, results were excellent and good in 83 patients (94.3%) after 
BPTB and in 78 patients (82%) after HT ACLR (p<0.05). The average score on the Tegner activity scale in the HT 
group decreased from 6.5 at pre-injury to 5.8 at two-year follow-up (p<0.001) and from 6.7 at pre-injury to 6.5 
at two-year follow-up in the BPTB group (p=0.4). The ability to restore pre-injury sports activities was higher 
in the BPTB group (6.5) versus the HT group (5.8) (p<0.001). Revision was required for two patients (2.2%) in 
the BPTB group compared with 14 patients (14.7%) in the HT group (p<0.05).

 Conclusions: Smaller HT graft size was a predictor of higher knee laxity and greater revision risk at two-year post primary 
ACL reconstruction. Larger diameter BPTB ACL grafts had a better ability to restore knee stability and greater 
ability to restore pre-injury sports activities.
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Background

Although 10 to 11 mm size of bone-patellar tendon-bone (BPTB) 
autograft has traditionally been the gold standard for anterior 
cruciate ligament reconstruction (ACLR) in athletic population, 
an 8 mm average size of quadrupled hamstring tendon (HT) 
is used mostly for lower physical activity people [1–3]. It has 
been shown in the literature that quadrupled HTs are biome-
chanically equivalent in strength when compared with BPTB 
autograft and clinically can result in less donor-site morbid-
ity [4–8]. Unlike BPTB grafts, the diameter of a HT graft may 
vary in every case. There is increasing interest in HT ACLR be-
cause of the large variability in size of the HT graft harvest-
ed and case selected ACLR can be performed. Unfortunately, 
there have been no studies that have shown outcomes be-
tween BPTB and HT autografts related to graft diameter. Most 
clinical HT grafts vary between 6 and 10 mm, thus it is difficult 
to compare HT ACLR outcomes with traditional 10 mm BPTB 
graft outcomes. Clinically, grafts with a diameter less than 7 
mm have been associated with an increased rate of early re-
vision [2,9] and it is clear that HT graft should be larger than 
7 mm. The large variability of HT graft size obtained during 
surgery could significantly influence the outcome of ACLR, 
and this led us to the search for an optimal HT graft size that 
would be as strong as a 10 mm BPTB graft.

The purpose of this study was to determine whether out-
comes of ACLR with 8 mm HT grafts were comparable with 
traditional 10 mm BPTB grafts. We hypothesized that the 8 

mm HT graft compared to 10 mm BPTB graft would be asso-
ciated with equal clinical results.

Material and Methods

From January 2011 to January 2014, a retrospective chart re-
view of prospectively collected data was performed, and 183 
of 200 consecutive patients (91.5%) with a mean age of 23.3 
years (18 to 32 years) who underwent primary ACLR with BPTB 
or HT autografts were evaluated: 8 mm diameter HT anatom-
ical single-bundle (n=95), and 10 mm diameter BPTB single-
bundle (n=88). Graft type, size, patient age, sex, and body mass 
index were recorded at the time of ACLR (Table 1). Baseline 
characters were similar in the two groups (Table 1). There were 
43 professionals (competitive sports level) athletes in the HT 
group (19 baseball, 11 football, two volleyball, nine handball 
players and two cyclists), and 45 in the BPTB group (15 base-
ball, 12 football, 10 handball, five volleyball and three rug-
by’s players). Both groups were matched accordingly to asso-
ciated meniscal injury and surgical repair incidence (Table 2).

Inclusion criteria were as follows: (a) isolated primary ACLR 
(partial meniscectomies and meniscal repairs included); (b) no 
significant chondral damage seen at time of surgery (grade-III 
or more evaluate during arthroscopy); (c) normal contralateral 
knee; (d) minimum follow-up of 24 months; (e) Tegner activi-
ty level >5 (recreational or competitive sports; (f) age 18 to 35 
years. Patients were excluded if they had had a previous injury 

Characteristic 8 mm HT group (n=95) 10 mm BPTB group (n=88) p Value

Gender
 Male
 Female

66
29

61
27

0.44

Age, years 25.1 26 0.2

Body mass index 20.50 20.58 0.73

Lachman
 IKDC A
 IKDC B
 IKDC C
 IKDC D

0
0

44
51

0
0

54
34

0.45

Pivot shift
 IKDC A
 IKDC B
 IKDC C
 IKDC D

0
0

62
33

0
0

57
31

0.41

IKDC subjective score 65.49 64.79 0.353

Tegner activity score 6.5 6.7 0.14

Professional athletes (competitive level) 43 45 0.32

Table 1. Pre-operative data.
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of or operation on either knee or if they had a concurrent os-
teoarthritis, or injury of the posterior cruciate ligament, lateral 
collateral ligament, or posterolateral complex of the knee, or 
bilateral ACL lesions, or a grade-III tear of the medial collater-
al ligament. Patients with a grade-I or grade-II tear of the me-
dial collateral ligament were considered eligible.

Preoperative and two-year follow-up postoperative International 
Knee Documentation Committee (IKDC) [10] objective and 
subjective scales and questionnaires, pre-injury and two-year 
postoperative Tegner activity level scores [11], ability to re-
turn to a pre-injury sports activities, and whether each pa-
tient underwent revision ACLR during the two-year follow-up 
period were recorded.

Surgical technique and postoperative rehabilitation

After diagnostic arthroscopy and, if needed, meniscal proce-
dures, the ST/G (semitendinosus and gracilis) or patella ten-
dons were harvested through a short typical vertical incisions 
located medial to the tibia tuberosity and patella tendon.

The 8 mm diameter doubled semitendinosus autografts and 
10 mm diameter BPTB autografts were included in this study. 
Each HT graft was doubled with sutures at both ends of the 
graft (Vicryl 2-0 sutures on the femoral side of the graft, and 
non-absorbable sutures on the tibia side of the graft). The di-
ameter of the graft was measured using a calibrator (accura-
cy: 0.5 mm) at its middle part. The anatomical [12,13] fem-
oral tunnels were drilled first. They were created ante grade 
through one very low anteromedial (AM) portal. The diame-
ters of the AM femoral tunnels were 8 mm for HT and 10 mm 
for BPTB, and the depth of the tunnels was 25 mm in HT and 
20–23 mm for BPTB. Next, the tibia tunnel was prepared; the 
arthroscopic aimer was inserted to the knee through the AM 
portal and was adjusted to 45°, when drilling, and was posi-
tioned approximately 5 mm behind the anterior meniscal lig-
ament in a middle distance between the anterior horn of lat-
eral meniscus and medial eminence of tibia. After the guide 

pin was drilled, the drill guide was removed and the knee was 
passively extended to exclude an impingement on the anterior 
intercondylar notch and medial wall of lateral femoral condyle. 
Once a check was performed, the tibia tunnel was established 
with a cannulated reamer to the graft diameter. The reaming 
debris was evacuated with a synovial shaver to minimize the 
fat pad inflammatory response. After the tunnels on both the 
femoral and tibia side were created, grafts were inserted and 
then fixed with bioabsorbable interference screws proximally 
and distally. The knee was cycled several times through range 
of motion and the graft was examined arthroscopically to check 
tension and fixation quality and to exclude graft impingement.

The postoperative care and rehabilitation protocol was the 
same in the two groups. An extension knee brace was used 
for two weeks with protected weight bearing allowed for two 
weeks as tolerated. On the second postoperative week, the 
brace was fixed to allow motion between 0° and 60° of flex-
ion, quadriceps activity against gravity, and hamstring contrac-
tions were permitted. Four weeks after surgery, patients were 
allowed knee motions between 0° and 90° of flexion, and quad-
riceps exercises were allowed between 45° and 90° of flexion. 
At six to eight weeks, full isotonic hamstring contraction, hip 
abductor-adductor exercises, and swimming were permitted. 
At eight weeks, patients were encouraged to achieve a full 
range of motion, to extend the knee against unlimited resis-
tance between 45° and 90° of flexion, and to ride a station-
ary bicycle with resistance. At twelve weeks, unrestricted iso-
tonic quadriceps-strengthening was allowed between 0° and 
90° of flexion. Return to sports activity was allowed gradually 
eight to 12 months postoperatively, and after one year with-
out any restrictions.

Clinical assessments and postoperative evaluation

IKDC and Tegner activity level scores were evaluated in this 
study. The main objective of our investigation was to evaluate 
the return to pre-injury level of sport activities. Clinical eval-
uations of knee function and laxity were performed by the 

8 mm HT group 
(n=95)

10 mm BPTB group 
(n=88)

Total p Value

Lateral meniscus
 Partial meniscectomy
 Meniscal repair

 16 (16.7%)
 15 (15.6%)

 10 (11.1%)
 12 (13.3%)

 26 (14.0%)
 27 (14.5%)

0.239
0.564

Medial meniscus
 Partial meniscectomy
 Meniscal repair

 28 (29.2%)
 12 (12.5%)

 29 (32.2%)
 10 (11.1%)

 57 (30.6%)
 22 (11.8%)

0.895
0.670

Both menisci
 Partial meniscectomy
 Meniscal repair

 15 (15.6%)
 10 (10.4%)

 24 (26.7%)
 5 (5.6%)

 39 (21.0%)
 15 (8.1%)

0.150
0.197

Table 2. Procedures of the menisci data during the ACLR of the two groups.
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operating surgeon and two independent examiners preoper-
atively and at six months, one year, and two years postoper-
atively. The clinical outcome measures included the Lachman, 
pivot-shift tests and examination for determination of subjec-
tive IKDC rating, and the completed Tegner score. The side-
to-side laxity difference (Lachman) on manual examination 
was graded in three grades (based on IKDC objective scale): 
normal – 0–3 mm difference (hard endpoint), grade A; slight 
– 3–5 mm difference (soft endpoint) – grade B; 6–10 mm dif-
ference, grade C; very unstable >10 mm difference, grade D. 
The pivot shift test was graded as normal (no difference be-
tween the knees), a glide (a mild difference or a moderate dif-
ference or subluxation) and a clear pivot shift (a severe differ-
ence or marked subluxation).

Statistical analysis

Patient demographics and outcome data were collected and 
tabulated, and summary statistics were generated. Comparison 
of normally distributed continuous variables between groups 
was performed using the Student’s t-test, and comparison with-
in a group before and after the investigation was done using 
the paired Student t-test. Continuous variables that were not 
normally distributed were compared between groups by us-
ing the Mann-Whitney U test. Categorical data were analyzed 
using the Pearson chi-squared (c2) test and Fisher’s exact test. 
The level of significance was set at 5% for all the tests. One 
of our main outcome measurements was the subjective IKDC 
score. With a difference of 10 points, clinically significant dif-
ferences between the treatment groups were acknowledged. 
Thus, accepting less than 5% probability of a type I error and 

a power of 80%, sufficient total sample size would be 80 in 
each group (160 totals). With the inclusion of a total of 183 
cases, the statistical power was adequate. Statistical analy-
sis was performed using the Statistica-7 statistical package.

Results

After we controlled for age, sex, body mass index, preopera-
tive IKDC, and pre-injury Tegner scores, there were no differ-
ences between the two study groups preoperatively, except 
of graft choice and size (Table 1).

All data and patient outcomes at two-years postoperative were 
available in 183 patients (91.5%). The time interval from inju-
ry to operation was 6.2±6.2 weeks in the 10 mm BPTB group 
and 5.1±3.2 weeks in the 8 mm HT group (NS).

Associated injuries and treatment

There were 57 concomitant partial medial meniscectomies and 
26 partial lateral meniscectomies (Table 2).

In total, 49 meniscal repairs were done. There was no difference 
in the prevalence of meniscal tears between the two groups 
(Table 2). Articular surface damage or localized degenerative 
changes of grade I or II were found during the procedure in 35 
patients in the 10 mm BPTB group and in 26 patients in the 8 
mm HT group. There were 21 medial collateral ligament tears 
(grade II), two in the 10 mm BPTB group and 14 in the 8 mm 
HT group. Meniscal procedures did not differ significantly in 
both groups. Thus, menisci injuries in both groups were equal 
and equally could bias the results, either repaired or removed, 
so statistically had the same influence on the difference of the 
final ACLR results in both groups.

IKDC subjective evaluations

According to subjective IKDC score, all patients in the two 
groups got significantly better at the two-year follow-up 
(p<0.001). However, the 8 mm HT ACLR group showed signifi-
cant lower subjective IKDC evaluation compared to the 10 mm 
BPTB group (88.45±2.8 versus 89.24±2.5; p<0.047) (Figure 1).

IKDC objective evaluations and knee stability IKDC objective 
results were excellent (grade A) and good (grade B) in 83 of 88 
patients (94.3%) after 10 mm BPTB and in 78 of 95 patients 
(82%) after 8 mm HT ACLR (p<0.001) (Table 3).

There was no difference between the groups with respect to 
range of motion at the two-year follow-up (p=0.44). The per-
centage of manual anterior-posterior knee laxity and posi-
tive pivot-shift signs was higher in the 8 mm HT ACLR group 

8 HT pre-op

10 BPTB pre-op

10 BPTB 2 ye
ars

8 HT 2 ye
ars
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 IKDC subjective evaluations
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**
***

Mean
Mean ±SD
Mean ±1.96*SD

Figure 1.  The mean IKDC subjective scores pre-surgery and at 
two years after the ACLR. * Significant difference at 
p<0.05, ** significant difference at p<0.001.
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compared to the 10 mm BPTB group at two years (p<0.001; 
Table 3). At the two-year point, 81 patients (92%) who had the 
10 mm BPTB technique had a negative pivot-shift sign and five 
patients (6%) had a glide-positive sign and two patients (2%) 
had moderate and marked subluxation. At the same time-in-
terval, 72 patients (76%) who had an 8 mm HT ACLR tech-
nique had no pivot-shift sign, 12 patients (12%) had a glide-
positive sign and 12 patients (12%) had moderate and marked 
subluxation (Table 3).

Activity level and return to pre-injury sport activities

There were 83 of the 88 patients (94%) in 10 mm BPTB group 
and 69 of the 95 patients (73%) in 8 mm HT group who were 
successful in returning to their previous level of sports activ-
ity at different times after ACLR (Table 4).

The average scores of Tegner activity in the 8 mm HT group 
decreased from 6.5 at pre-injury to 5.8 at two-year follow-up 

(p<0.001) and from 6.7 at pre-injury to 6.5 at two-year follow-
up (p=0.4) in the 10 mm BPTB group; the ability to restore pre-
injury sports activities was higher after ACLR with 10 mm BPTB 
graft (6.5) compared to 8 mm HT graft (5.8) (p<0.001) (Figure 2).

10 mm BPTB ACLR women’s subjective IKDC evaluations 
favored against 8 mm HT ACLR

There was no significant difference in subjective IKDC evalu-
ations between the women and men for either groups at two 
years (p>0.05); however, the 10 mm BPTB ACLR group of wom-
en had significant higher IKDC evaluations compared to men 
from the 8 mm HT ACLR group (p<0.001) (Table 3).

IKDC subjective and Tegner evaluations were lower in 
younger patients after 8 mm HT ACLR

Subjective IKDC evaluations of the patients younger than 20 
years of age in the 8 mm HT ACLR group were significantly 

Characteristic
8 mm HT
(n=95)

10 mm BPTB
(n=88)

p Value

IKDC A, B – normal and nearly normal 78 83 p<0.001

IKDC C, D – abnormal 17 5 p<0.001

Lachman test
IKDC A – normal: side-to-side laxity difference 0–2 mm

61
73

p<0.05

Lachman test
IKDC B nearly normal: side-to-side laxity difference 3–5 mm

17 10 p<0.001

Lachman test
IKDC C, D: clear: side-to-side laxity difference >5 mm

17 5 p<0.001

Pivot shift
IKDC A – normal (negative)

72 81 p<0.05

Pivot shift
IKDC B – glide (positive)

11 5 p<0.05

Pivot shift
IKDC C, D – clear (positive)

12 2 p<0.001

IKDC subjective score for 17–20 year subgroup 85.47±2.1 89.9±2.0 p<0.001

IKDC subjective score for 20–25 year subgroup 87.17±2.5 89.19±2.9 p=0.006

IKDC subjective score for 25–32 year subgroup 86.93±2.9 89.1±2.3 p<0.001

IKDC subjective score for women 86.4±2.9 89.2±1.2 p<0.001

IKDC subjective score for men 86.7±2.8 89.2±2.5 P<0.001

Average Tegner activity scores 5.8±1.1 6.5±1.1 p<0.001

Average Tegner activity scores for 17–20 year subgroup 5.3±1.2 6.9±1.3 p=0.001

Average Tegner activity scores for 20–25 y subgroup 6.4±1.2 6.6±1.2 p=0.43

Average Tegner activity scores for 25–32 y subgroup 5.7±0.9 6.4±1.0 p=0.002

Table 3. Data of the two groups at two-year follow-up: evaluation of manual anterior-posterior knee laxity according to IKDC.
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lower compared to patients older than 20 years of age (p=0.02) 
(Table 3; Figure 3).

Also, patients younger than 20 years old in the 8 mm HT ACLR 
group had decreased sports activity levels evaluated by Tegner 
score (p<0.04) (Table 3; Figure 4).

Revisions rate

Autograft with 8 mm HT ACLR correlated with higher rate of 
revision ACL reconstruction: revision was required in two of 

88 patients (2.2%) in the BPTB group compared with 14 of 
95 patients (14.7%) in the 8 mm HT group (p<0.05) (Table 4). 
Interestingly, almost all revision ACLRs were performed for men 
(15 men versus one woman): one revision ACLR was performed 
for a 17-year-old girl from the HT group, two revisions for a 
24-year-old man from the BPTB group. In the HT group there 
were four revisions in the subgroup of patients 25–32 years of 
age; three revisions in the subgroup of 20–25-year-olds; and 
six revisions in the subgroup of 17–20 years olds (Table 4).

Time from surgery to return to sports
8 mm HT patients

(n=95)
10 mm BPTB patients

(n=88)

6–8 months 6 12

8–10 months 32 35

10–12 months 41 37

³12 months 16 4

Average return time, months 9.2 9.8

Returned to pre-injury sports 69 83

Did not returned to pre-injury sports 26 5

Needed revision ACLR: 14 2

 17–20 years – ACLR revisions 7 0

 20–25 years – ACLR revisions 3 2

 25–32 years – ACLR revisions 4 0

Table 4. Time period from surgery to return to pre-injury sports and revision rate.

8 HT before injury

10 BPTB before injury

10 BPTB 2 ye
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8 HT 2 ye
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Tegner evaluations pre-injury and after 2 years
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3

* *

Mean
Mean ±SD
Mean ±1.96*SD

Figure 2.  The Tegner scores pre-injury and at two years after the 
ACLR. * Significant difference at p<0.001.
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Figure 3.  Subjective IKDC evaluations accordingly to age. 
* Significant difference at p<0.001.
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Discussion

In our study we compared an 8 mm HT graft group with a 10 
mm BPTB group for ACLR outcomes at two-year follow-up and 
found that the smaller graft size was a predictor of higher knee 
laxity and greater revision rate. We also found that patients 
in the 10 mm BPTB group might have better ability to restore 
pre-injury sports activities, as they reached higher IKDC subjec-
tive scores, their IKDC objective scores were grade A and B, and 
they had better outcome test results (Lachman and pivot-shift).

A number of prospective randomized studies using different 
fixation methods have been conducted to evaluate the differ-
ences between patellar tendon and hamstring grafts [6,14–17]. 
Most of these studies have failed to show significant differ-
ences in knee functional outcome scores. The number of ACL 
reconstructions using a patellar tendon autograft is gradual-
ly decreasing in all countries [1]. Granan et al. [18] reported 
that 71% of patients in Denmark were reconstructed with HT 
autografts, 61% in Norway, and 86% in Sweden. In our study, 
the number in the HT group was also higher than in the BPTB 
group (95 versus 88). The reason for this is probably that a 
number of randomized studies have shown comparable results 
between these two graft types, apart from donor-site morbid-
ity and anterior knee problems, which are more frequent af-
ter using a patellar tendon autograft [19–22]. Our study re-
sults showed that BPTB ACLR was significantly more favorable 
compared to HT ACLR.

To analyze differences, a meta-analysis was performed by 
Persson et al.[23] who found that the revision rate after 
two years in the quadrupled HT group was 2.8% versus 

0.7% (p=0.001) in the BPTB group, especially in the younger 
15–19-year old) subgroup: quadrupled HT was 5.4% versus 
1.2% for BPTB graft) [23]. The previous studies have shown 
younger age (25 years and younger) as an important risk factor 
for revision with significantly higher failure rates [24–27]. Our 
study results were in line with these findings. In our study, one 
17-year-old girl from the HT group, two 24-year-old men from 
the BPTB group, and four 25–32-year-old patients from the HT 
group, three 20–25-year-old patients from the HT group, and 
six 17–20-year-old patients from the HT group underwent re-
vision surgery. The revision rate in our study was 8.7% (2.2% 
BPTB and 14.7% HT), quite high compared with other studies. 
A Danish study report only 2.9% revision rate after two-year 
follow-up, nearly the same as a Swedish study (4.1% after five-
year follow-up) [1,28,29]. But these studies did not report sepa-
rated revision rates according to the graft groups. A systematic 
review by Lewis et al. [30] analyzed 11 studies and found that 
postoperative graft failure occurred in 32 of 921 ACL reconstruc-
tions (3.5%). A case-control study by Hettrich et al. [26] includ-
ed 980 patients prospectively followed, and after two years re-
ported a revision rate after ACLR of 7.7%. These findings were 
similar to our findings, but do not report group revision rates. 
These were also similar results reported by Maletis et al. [31] 
based on data from Kaiser Permanente registry. They found 
1.82 times higher risk of early revision for HT grafts compared 
with BPTB grafts with mean follow-up of 1.5 years (p=0.019). 
A systematic review by Spindler reported increased knee lax-
ity after hamstring ACLR in three of seven studies. The most 
significant finding was a significant correlation between in-
creased patient-reported IKDC outcome score and decreased 
risk of revision surgery after BPTB ACLR [32]. These data dem-
onstrated that despite HT and BPTB grafts showing no differ-
ences in subjective scores after ACLR, HT ACLR has more risks 
for revisions and greater knee laxity compared to BPTB [33–36].

All of these studies lacked ACL graft size matching. ACL graft 
diameter is still controversial and no evidence is available to 
make decisions for ideal graft size. According to our study data, 
both the 8 mm hamstring and 10 mm patella tendon ACLR pa-
tients did significantly better at the two-year follow-up; how-
ever, the 8 mm HT ACLR group showed significant higher knee 
laxity values compared to the 10 mm BPTB group. This find-
ing may be related to graft type and graft size. Many studies 
have shown no significant clinical differences between these 
two techniques, but no emphasize on the graft diameters were 
clearly outlined. In the Magnussen et al. study [2], the revision 
rate was significantly higher in patients with grafts sized 7 mm 
or smaller. This threshold was higher for patients younger than 
20 years of age and was found to be 8 mm.

The association of activity level with ACLR failure and revision 
ACLR has been shown in several studies also with different 
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Figure 4.  The Tegner scores two years after the ACLR in different 
age groups. * Significant difference at p<0.01.
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graft types, but this associations in BPTB groups seems to be 
less important [2,25,37,38].

The ability to restore pre-injury sports activities was higher in 
the 10 mm BPTB ACLR group (score 6.5) compared to the 8 mm 
HT ACLR group (score 5.8) in our study. Comparison of pre-inju-
ry Tegner activity scores to postoperative scores revealed that 
patients in the HT group did not return to their pre-injury level 
of activity as well as patients in the BPTB group. Patients in the 
HT group had a significant increase in pain compared with the 
BPTB group (p=0.034) [39]. Aglietti et al. [5] also confirmed that 
return to sports activities was more frequent among patellar 
tendon graft patients. Our study showed that 94% of the BPTB 
group and 73% of the HT group successfully returned to pre-
injury level. Maletis et al. [40] found more patients after BPTB 
compared to HT were able to return to pre-injury Tegner phys-
ical activity level at two years. They concluded that although 
not statistically significant, the hamstring group had more fail-
ures, more laxity on clinical examination, and more patients with 
larger KT-1000 arthrometer differences. These results indicate 
a trend toward increased graft laxity in female patients under-
going reconstruction with hamstring autograft compared with 
patellar tendon when evaluated by a single surgeon using sim-
ilar fixation techniques at short- to medium-range follow-up.

The IKDC evaluation showed that 82% of the HT group and 94% 
of the BPTB group patients classified as normal in our study; 
nearly the same as reported in by Corry et al. [41] where 82% 
of the patellar tendon group and 89% of the hamstring tendon 
group had normal or nearly normal scores on IKDC assessment, 
and in comparison with Ericsson et al. study [42], where only 
58% of the patients were classified as normal or nearly nor-
mal, and 42% as abnormal or severely abnormal at follow-up.

Our study revealed that subjective IKDC evaluations and de-
creased sports activity levels of the patients younger than 20 
years old in the 8 mm HT ACLR group were significantly low-
er compared to patients older than 20 years of age. Age, self-
evaluations, and Tegner sport activity level did not correlat-
ed in the 10 mm BPTB group. In the 8 mm HT ACLR group the 
need for revision ACL reconstruction was correlated. Higher 
sports activity levels have previously been shown to be asso-
ciated with a higher failure rate of ACLR when graft size was 
less, and this association has been shown to be important for 
different graft types and depends of graft size [24,40,43,44].

Limited emphasis has previously been placed on the return to 
pre-injury sports activities after ACL reconstructions compar-
ing graft size. Tegner activity level did not correlate statistical-
ly with ACLR failure in our study, although we expected to find 
an association. Younger patients tend to demonstrate high-
er activity levels, represented by higher Tegner scores [11]. As 
discussed by Kamien et al. [45], an increased activity level is 

generally implicated in the higher failure rate in this population, 
but a higher frequency of re-injury likely also plays a role. This 
association was previously described by Shelbourne et al. [25] 
and Borchers et al. [37]. Kamien et al. reported that the mean 
Tegner activity score was higher in younger patients com-
pared with older patients (5.58 versus 4.28), the difference be-
tween them approached but did not reach statistical signifi-
cance (p=0.066). Our study revealed nearly the same results 
(6.4 versus 5.7 in the HT group, 6.6 versus 6.4 in BPTB group).

Wiger et al. [46] reported that only 40% of patients returned 
to their pre-injury level. In comparison, our study found that 
the ability to restore pre-injury sports activities was higher af-
ter 10 mm BPTB ACLR (6.5) compared to 8 mm HT ACLR (5.8), 
and 94% of patients in the 10 BPTB group and 73% in the HT 
group were successful in returning to their previous level of 
sports activity.

From the gender point of view, Anderson et al. [47] discussed 
that female athletes have a disproportionately high num-
ber of ACL injuries when compared with their male counter-
parts. Neither Shelbourne et al. nor Gwinn et al. found extrin-
sic differences that make women more likely to sustain ACL 
tears [48,49]; and neither did we. Ericsson et al. [42] also found 
no differences between men and women in outcome scores 
(VAS, Lysholm, IKDC, patellofemoral score). In our study, there 
was no significant difference in subjective IKDC evaluations 
between women and the men inside both groups at two-year 
follow-up; however, women from the 10 mm BPTB ACLR group 
had significant higher IKDC evaluations compared to men from 
the 8 mm HT ACLR group. Also, the HT group had more fail-
ures, more knee laxity, and results indicated a trend toward in-
creased graft laxity in female patients undergoing reconstruc-
tion with HT autograft compared with patellar tendon when 
evaluated by a single surgeon using similar fixation techniques 
at short-range to medium-range follow-up [39].

There were several weaknesses of our study. One was the ret-
rospective nature of the study. The small number of patients 
limited our ability to detect differences. The other problem 
was the number of patients with small diameter grafts (8 mm). 
This did not give us enough power to calculate significant dif-
ferences, if such existed, in the failure rates between small-
er and larger grafts. We did not register other possible causes 
of failure, and did not analyze the tunnel and graft position. 
Postoperative Tegner activity level and stability were the only 
outcome measures used in this study.

Conclusions

Based on our results, comparing 8 mm hamstring graft with 
10 mm bone-patellar-tendon-bone graft ACLR outcomes at 
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two-year follow-up, we concluded that smaller graft size was 
a predictor of higher knee laxity and greater revision rate, and 
that patients after ACLR using 10 mm BPTB graft had bet-
ter ability to restore pre-injury sports activities, and had bet-
ter outcome results based on IKDC scores and reached bet-
ter knee stability.
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