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Abstract
Background: The type of graft for anterior cruciate ligament (ACL) reconstruction is still 
a topic of debate and there is still no clear consensus on the ideal graft for ACL reconstruction. 
Purpose: This study was conducted to compare the outcome of ACL reconstruction surgery between 
hamstring tendon graft and bone–patellar tendon-bone (BPTB) graft. Materials and Methods: One 
hundred and sixty professional athletes were enrolled in the study. They were divided into two groups 
by computerized randomization. In Group I, ACL reconstruction was done using BPTB graft, and 
in Group II, ACL reconstruction was done using semitendinosus gracilis graft with preserved tibial 
insertion (STGPI). Postoperatively, patients were assessed for knee stability, Lysholm score, and 
WOMAC score. Results: Mean KT-1000 side-to-side difference at 1 year was 2.31 ± 1.68 mm in 
BPTB cohort and 2.52 ± 1.6 mm in STGPI cohort (P = 0.4); and at 2 years, it was 1.98 ± 1.62 mm 
in BPTB cohort and 2.23 ± 1.6 mm in STGPI cohort (P = 0.4). Mean Lysholm score at 2 years 
was 96.1 ± 5.81 in STGPI cohort and 97.3 ± 4.62 in BPTB cohort (P = 0.15). Mean WOMAC 
score at 2 years was 3.3 ± 2.76 in STGPI cohort and 2.84 ± 2.21 in BPTB cohort (P = 0.25). Graft 
rupture rate was 3.75%; 3 patients in each group had graft rupture. Kneeling pain was present in 
15% (12/80) of patients with BPTB graft whereas none of the patients in STGPI cohort had kneeling 
pain. Conclusion: There was no difference between two grafts in term of knee stability, visual 
analog scale score and functional outcome. However, hamstring tendon graft is associated with less 
donor site morbidity.
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Introduction
Anterior cruciate ligament (ACL) tear is 
a common injury among sportspersons. 
It is important to be pragmatic in 
addressing these injuries, especially in 
sportsmen, thereby avoiding the risk to 
their physical ability and competitive 
career.1 With the increasing incidence of 
ACL tear in sportspersons optimal graft 
choice becomes an important topic of 
debate. However, despite the extensive 
research on this topic, so far there is 
no consensus on whether bone–patellar 
tendon-bone graft (BPTB) or doubled 
loop semitendinosus and gracilis graft 
(STG graft) is a superior graft.2,3 Some 
authors considered BPTB graft as the 
gold standard for ACL reconstruction due 
to its low level of laxity, high durability, 
higher incidence of return to sports, and 
appropriate size.4-6 However, on the other 

side, it is criticized for its donor site 
morbidities such as anterior knee pain, 
patellar fracture, and quadriceps rupture.7 
Due to the above-mentioned morbidities, 
the recent trend is shifting toward the 
hamstring tendon graft. The hamstring 
tendon graft does have its pros and cons 
such as its association with joint laxity,8 
reduced hamstring strength,9 and higher 
graft rupture rate.10 However, most of the 
peer-reviewed articles showed satisfactory 
results with both the grafts.11-17 In the 
previous study, it was observed that 
doubled loop STG graft with preserved 
tibial insertion (STGPI) was superior to 
free double looped STG graft in terms of 
knee stability and functional outcome.18 
The purpose of this study was to compare 
the outcome of ACL reconstruction 
surgery between STGPI and BPTB graft. 
It was hypothesized that STGPI graft 
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has a similar functional outcome with less donor site 
morbidities as compared to BPTB graft.

Materials and Methods
This was a level-I prospective randomized controlled 
study conducted from the year 2014 to 2019. 
This study was registered with the Clinical Trial 
Registry - India (CTRI/2016/01/006502). A total of 160 
athletes, who sustained injury while playing different 
sports [Table 1], were enrolled in the study (SK) after the 
institutional ethical clearance. A well informed written 
consent was taken from each patient. Professional athletes, 
who were age and gender matched with age limit between 
16 and 40 years, were included in this study. Athlete 
complaining of the instability of knee while playing 
and clinical examination suggestive of ACL tear was 
considered as a candidate for ACL reconstruction surgery. 
Patients with multiligamentous injury, those with a history 
of previous surgery were excluded from the study. All the 
surgeries were performed by a single surgeon (RG) using 
the transportal technique. Mean Lysholm score at 2 years’ 
followup was 89.7 ± 9.2 for BPTB graft and 94 ± 8.9 for 
hamstring tendon graft with sigma 9.05.19 The sample size 
came out to be 63 patients in each group at a power of 
study 80% (confidence interval - 95%). The patients were 
randomized into two groups according to a random number 
generated by research fellow (GD) using a computer 
software (random allocation software). Group I – those 
who underwent ACL reconstruction was done using free 
BPTB graft (n = 80) and Group II – those who underwent 
ACL reconstruction was done using semitendinosus-gracilis 
graft with preserved tibial insertion STGPI graft (n = 80). 
Another examiner (AS) did the allocation using a sealed 
enveloped system. In BPTB, cohort graft fixation was 
done at both tibial and femoral side using soft silk 
screw (Smith and Nephew, USA) and in hamstring 
cohort graft fixation was done only on the femoral side 
using EndoButton (Smith and nephew, USA) keeping 
tibial insertion preserved (free end sutured to its insertion 
using Ethibond suture).20-22 Athletes of both the groups 
underwent the same rehabilitation protocol postoperatively 
for 6 months. From day 1, depending on pain tolerance 
full weight-bearing walking with brace, static quadriceps 
exercise, straight leg raise, and full range of movement 
were started. This regime was continued for 6 weeks. 
After 6 weeks, cycling and half squats were added to this 
regime. At 3 months, jogging and full squats were allowed. 
At 6 months, athletes were allowed to play practice game 
depending on their limb symmetrical index (limb symmetry 
index >85%; thigh muscle girth and triple hop test).

Anterior translation of tibia for both normal knee and the 
injured knee was measured using KT-1000 preoperatively, 
at 6, 12, and 24 months’ postoperatively. KT-1000 
measurement was done by another examiner (AK) who 
was blinded to clinical findings, MRI, and arthroscopic 

findings. Similarly, the functional status of all the patients 
was assessed (AK) using the WOMAC score and Lysholm 
score.

Statistical analysis
Chi-square test was used for comparison of two categorical 
and independent variables. Unpaired Student’s t-test was 
used for quantitative variables (Lysholm score, WOMAC 
score, and KT-1000 difference).

Results
The present study was conducted on 160 athletes involved 
in different sports; these sportspersons underwent primary 
ACL reconstruction using STGPI graft or BPTB graft. 
Demographic details are described in Tables 1 and 2.

Table 2: Demographic comparison of semitendinosus 
gracilis graft with preserved tibial insertion and 

bone-patellar tendon-bone cohort
STGPI BPTB P

Age (years) 24.82±5.04 25±5.81 0.83
Gender (male:female) 78:2 79:1 1
Dominant versus nondominant 53:27 42:38 0.1
BMI (kg/m2) 22.1±4.87 21.8±4.93 0.7
Concomitant meniscus damage 55 56 0.9
Meniscal repair 5 7 0.7
Concomitant chondral damage 39 40 0.9

Grade 4 4 6 0.7
Grade 3 13 15 0.8
Grade 2 22 19 0.7

STGPI=Semitendinosus gracilis graft with preserved tibial insertion, 
BPTB=Bone-patellar tendon-bone, BMI=Body mass index

Table 1: Number of patients from different sports who 
underwent anterior cruciate ligament reconstruction 

with semitendinosus gracilis graft with preserved tibial 
insertion and bone-patellar tendon-bone graft

STGPI BPTB
Kabaddi 29 38
Football 18 16
Athlete 13 10
Cricket 5 4
Volleyball 1 4
Wrestling 4 1
Badminton 1 1
Basketball 3 2
Judo 1 2
Tycando 1 0
Hockey 2 1
Boxer 0 1
Shotput 1 0
Skating 1 0
Total 80 80
STGPI=Semitendinosus gracilis graft with preserved tibial 
insertion, BPTB=Bone-patellar tendon-bone
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At 12 months, VAS score was 0.33 ± 0.81 in BPTB 
cohort and 0.24 ± 0.62 in STGPI cohort (P = 0.43). At 
2 years, VAS score was 0.16 ± 0.43 in BPTB cohort and 
0.14 ± 0.41 in STGPI cohort.

Donor site morbidities

There was scar hypertrophy in 15 patients over BPTB 
graft harvest site as compared to only 6 patients with that 
of STGPI group (P = 0.04). Hypertrophic scar had only 
cosmetic importance [Figure 1]. 12/80 patients experienced 
kneeling pain in the BPTB cohort, whereas we did not find 
any case of kneeling pain in STGPI cohort. In this study, 
we found 1 case of heterotrophic calcification with patellar 
tendon ossification after ACL reconstruction with BPTB 
graft [Figure 2].

Duration of surgery

ACL reconstruction with STG graft with preserved tibial 
insertion (34 min) was less time consuming than ACL 
reconstruction with BPTB graft (48 min).

Graft rupture

Graft rupture rate was 3.75% at followup of 2 years. 6 
out of 160 patients (2-year followup) underwent revision 
ACL surgery, 3 patients from STGPI group [Figure 3] and 
3 patients from BPTB group.

Discussion
In this study, it was observed that there was no statistically 
significant difference in the knee laxity (KT-1000 
difference) between two grafts (P > 0.05). The evidence 
available in the literature is inconclusive about the effect 
of graft on knee laxity; there are some studies which 
showed that the hamstring tendon graft is associated with 
more knee laxity as compared to the BPTB graft.9,23-26 
However, there are some studies which did not find 
any difference in knee laxity between two grafts.17,27-30 
Poehling-Monaghan et al.28 in their meta-analytic study 
observed that there was no difference in knee laxity 
between two groups; these results were contrary to other 
meta-analytic studies conducted by the Xie et al.6 and 
Li et al.25 who observed that hamstring tendon graft 
was inferior to BPTB graft in terms of restoring knee 
stability.

In this study, there was no difference in functional 
outcome and postoperative pain between the two groups. 
Results of this study were similar to the previous studies, 
where no difference was found between two grafts in 
terms of functional outcome.13-16,31 Stańczak et al. in their 
prospective study observed that type of graft had no effect 
on the functional outcome of ACL reconstruction.11 Return 
to sports was observed to be early and higher with BPTB 
graft as compared to STGPI graft. In previous studies also, 
it was observed that returned to sports was higher with 
BPTB graft.32-34

Knee laxity

There was no significant difference in knee laxity between 
the two grafts at 6 months (P = 0.07), 1 year (P = 0.4), and 
2 years (P = 0.3) [Table 3].

Functional assessment

It was observed that there was no significant difference 
in the Lysholm [Table 4] at 6 months (P = 0.07), 
1 year (P = 0.1), and 2 years (P = 0.2) between the two 
grafts. Similarly, there was no significant difference 
in WOMAC score [Table 5] at 6 months (P = 0.17), 
1 year (P = 0.13), and 2 years (P = 0.25) between two 
grafts. 53/77 athletes returned to the same level of sports 
after ACL reconstruction with BPTB graft with mean 
time to return to sports was 9.78 ± 2.0 months. 40/77 
athletes returned to the same level of sports after ACL 
reconstruction with STGPI graft with mean time to return 
to sports 10.8 ± 2.1 months. Return to sports was observed 
to be higher (P = 0.047) and early (P = 0.002) with BPTB 
graft.

On followup, the pain was compared between the two 
groups at 3, 6, 12 months, and 2 years. At 3 months, 
visual analog scale (VAS) score was 0.84 ± 1.13 in BPTB 
cohort and 0.72 ± 1.03 in STGPI cohort (P = 0.48); 
at 6 months, VAS score was 0.49 ± 0.87 in BPTB 
cohort and 0.37 ± 0.76 in STGPI cohort (P = 0.35). 

Table 3: Comparison of knee laxity between 
semitendinosus gracilis graft with preserved tibial 

insertion graft and bone-patellar tendon-bone graft
Mean KT-1000 STGPI graft BPTB graft P
At 6 months 2.68±1.54 mm (n=80) 2.27±1.28 mm (n=80) 0.07
At 12 months 2.52±1.60 mm (n=78) 2.31±1.68 mm (n=79) 0.4
At 2 year 2.23±1.23 mm (n=77) 1.98±1.62 mm (n=77) 0.3
STGPI=Semitendinosus gracilis graft with preserved tibial insertion, 
BPTB=Bone-patellar tendon-bone

Table 5: Comparison of WOMAC score between two 
grafts at 6 months, 1 year and 2 years

WOMAC score At 6 months At 12 months At 2 years
STGPI 6.5±7.2 3.5±2.29 3.3±2.76
BPTB 5.1±5.6 2.98±2.02 2.84±2.21
P 0.17 0.13 0.25
STGPI=Semitendinosus gracilis graft with preserved tibial insertion, 
BPTB=Bone-patellar tendon-bone

Table 4: Comparison of Lyshom score between two 
grafts at 6 months, 1 year and 2 years

Lyshom score At 6 months At 1 year At 2 years
STGPI 90±5.69 95.5±5.233 96.1±5.81
BPTB 91.5±4.56 96.7±3.91 97.3±4.62
P 0.07 0.1 0.15
STGPI=Semitendinosus gracilis graft with preserved tibial insertion, 
BPTB=Bone-patellar tendon-bone
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The overall incidence of graft rupture in the present study 
was 3.75% (6/160) at 2-year followup. Three patients from 
STGPI group and 3 patients from BPTB group had graft 
failure. The incidence of graft ruptures ranges from 2.6% 
to 10% depending on the duration of the study.10,32,35 Most 
of the studies quoted hamstring tendon graft had a higher 
graft failure rate as compared to BPTB graft.9,10 However, 
some studies did not find any significant difference in the 
graft failure rate between the two grafts.30,36 Tone Gifstad 
et al.10 and Andreas Persson et al.37 in their meta-analytic 
study observed that BPTB graft is associated with a lower 
incidence of graft failure as compared to hamstring tendon 
graft. Leo A. Pinczewski et al. in their 10-year prospective 
study observed no difference in the incidence of graft rupture 
rate between hamstring tendon graft and BPTB graft.36 A 

recent study observed that STGPI graft and BPTB graft 
are comparable in terms of graft rupture rate.38 This study 
does have limitation in terms of limited period followup of 
2 years; therefore, long term followup is required to see the 
effect of type of graft on graft rupture rate.

Donor site morbidities such as kneeling pain (15%; 12 
out of 80 patients), heterotrophic calcification (1%), 
and hypertrophic scar (18%; 15 out of 80 patients) were 
observed to be more with BPTB graft. In previous studies 
also, donor site morbidities were more commonly reported 
with BPTB graft as compared to the hamstring graft.25,30 
The reported incidence of anterior knee pain in previous 
studies varies from 31% to 54%.39,40 We did a proper 
closure of peritendonium in every patient which might be 
the cause for a low rate of anterior knee pain in this study. 
Kohn and Sander-Beuerman41 in their study showed that 
proper closure of peritenon reduces the chances of anterior 
knee pain. In a recent meta-analysis study conducted by A. 
Hardy et al., the incidence of anterior knee pain was 46%.

Hypertrophic scar was found to be more common with 
BPTB graft (18%) as compared to STGPI graft (7%). In 
this study, we found one case of heterotrophic calcification 
with patellar tendon ossification after ACL reconstruction 
with BPTB. X-ray of a patient showing heterotrophic 
calcification and patellar tendon ossification is shown in 
Figure 2. The incidence of heterotopic calcification reported 
in the literature was 1.54%–2.58% and inadvertently 
scattered bone debris in the operative field was described 
as the most important cause for it.42 Patellar tendon 
ossification after ACL reconstruction is an extremely rare 
complication, and till now only three cases have been 
reported in literature.43-45

This study had its limitation as more long term followup 
was required to see the effect of graft type on graft rupture 
rate. Another drawback was a low number of female 
patients in our study; the cause of this gender discrepancy 
is male dominance in sports such as kabaddi and football 
in our country.

Graft for ACL reconstruction is still a controversial 
topic. In this study, we observed there was no difference 
between two grafts in term of knee stability, VAS score, 
and functional outcome. However, ACL graft surgery 
with hamstring tendon graft is less time consuming and 
associated with less donor site morbidity.

Figure 2: Postoperative X-ray showing heterotrophic ossification and 
patellar tendon calcification

Figure 1: Patients with hypertrophic postoperative scar

Figure 3: Postoperative X-ray of revision anterior cruciate ligament after 
semitendinosus gracilis graft with preserved tibial insertion graft rupture
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Conclusion
There was no difference between two grafts in term of knee 
stability, visual analog scale score and functional outcome. 
However, hamstring tendon graft is associated with less 
donor site morbidity.
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