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ABSTRACT

Introduction: Bone-patellar tendon-bone (BPTB) and
semitendinosus–gracilis (STG) are the commonest grafts
used for ACL reconstruction. However even after having
been debated for years, there is no consensus about the ideal
graft. Moreover, the literature is deficient about STG graft
with preserved tibial insertion (STGPI) which preserves the
proprioception. Our aim is to compare the outcome of BPTB,
free STG and STGPI grafts after ACL reconstruction in
professional sports persons. We compared the outcome in
terms of mechanical stability, functional outcome, return to
sports activity and degenerative changes.
Materials and Methods: Professional sports persons aged
between 16-50 years operated for ACL tear using BPTB, free
STG and STGPI grafts with minimum follow-up of two
years were identified from hospital records. Patients with
associated knee injuries were excluded. Patients, divided in
three groups according to graft used, were compared in terms
of mechanical stability (arthrometric examination KT-1000
score), functional outcome (Lysholm Score), return to sports
activity (Tegner score and difference in thigh circumference)
and degenerative changes (KL grading).
Results: BPTB graft group was found to be better than free
STG and STGPI graft groups in terms of KT-1000 score.
There was no statistically significant difference among the
groups in terms of Lysholm score, Tegner score, difference in
thigh circumference and KL grading.
Conclusion: BPTB graft is better than free STG and STGPI
grafts in terms of knee stability. When compared for patient
reported outcome, return to sports activity, osteoarthritic
changes and graft failure there is no significant difference
among the three types of grafts.

Keywords:
cruciate ligament, reconstruction, graft, semitendinosus,
gracilis
INTRODUCTION

Anterior cruciate ligament (ACL) reconstruction is a
commonly performed surgery for ACL deficient knee. The
results of this surgery depend upon various factors including
age and sex of patient, duration of injury, pre-operative knee
function and type of graft1,2.
Allograft, as compared to autograft is considered to achieve
poorer functional outcome which is not desirable in high
demand patients like sports persons3-5. Among the autografts,
though debated since years, controversy still exists regarding
the superiority of bone-patellar tendon-bone (BPTB) vs
semitendinosus–gracilis (STG) graft. However, there is no
ideal graft for ACL reconstruction1.

Also, it has been reported that a proprioception deficient
knee, because of ACL injury, cannot recover fully after
reconstruction surgery6. Though the preservation of insertion
of semitendinosus and gracilis tendons during graft
harvesting for ACL reconstruction has been reported to
preserve the proprioception of the knee joint7. There is a
paucity in the literature about the functional outcome of this
graft for ACL reconstruction as compared to other grafts.
Our study is a post-hoc analysis where we compared the mid
to long term outcome of BPTB vs free STG vs
semitendinosus–gracilis with preserved tibial insertion
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Table I: Age distribution

Age in years (Mean +/- S.D)

P value*

24.0 +/- 5.0
23.21 +/- 7.5
23.0 +/- 5.7

0.888

Group I (n=33)
Group II (n=32)
Group III (n=33)

Table II: Sex distribution and side of involvement
Left
Group I (n=33)
Group II (n=32)
Group III (n=33)

Male

18
14
8

Right

Left

14
17
19

1
1
3

Female

Right
0
0
3

Table III: Duration of injury before surgery

3 weeks to 3 months
3 months to 6 months
6 months to 1 year
1 year to 3 years
3 years to 5 years
> 5 years

Group I (n=33)

Group II (n=32)

Group III (n=33)

16
4
2
7
3
1

4
6
11
9
1
1

6
2
3
16
3
3

Table IV: Results in different groups

KT-1000 score (Mean +/- S.D)
Lyshom score (Mean +/- S.D)
Tegner score
Pre-injury
Final follow-up
Mean difference
Thigh circumference difference (cm)
(Mean +/- S.D)
KL grading
Grade 0
Grade 1
Grade 2
Grade 3
Grade 4

Group I (n=33)

Group II (n=32)

Group III (n=33)

P value*

1.68 +/- 0.27
98.30 +/- 2.40

2.26 +/- 0.19
97.30 +/- 2.80

2.24 +/- 0.22
97.10 +/- 4.50

1.11
0.12

8.27 +/- 1.90
7.80 +/- 1.70
0.45
1.40 +/- 0.20

8.30 +/- 1.80
7.20 +/- 2.60
0.39
1.90 +/- 0.12

8.10 +/- 1.20
7.78 +/- 2.20
0.39
1.60 +/- 0.70

0.80
0.40

11
22
0
0
0

8
22
2
0
0

7
26
0
0
0

3.61

*ANOVA test

Table V: Comparison among groups

Group I vs Group II
Group I vs Group III
Group II vs Group III

KT-1000 (P value*)

Lyshom (P value*)

Tegner (P value*)

TC (P value*)

0.01
0.01
0.89

0.30
0.12
0.86

0.42
0.89
0.53

0.18
0.50
0.10

TC: thigh circumference difference
*Post Hoc Tukey HSD
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(STGPI) grafts after ACL reconstruction in professional
athletes.

We compared the three types of grafts in terms of objective
mechanical stability, functional outcome, return to sports
activity, degenerative changes and graft failure.
MATERIALS AND METHODS

The present study is a post-hoc analysis of a retrospective
cohort. The professional sports persons aged between 16-50
years operated at our institute from 2011-2016 for ACL tear
using BPTB, free STG and STGPI grafts with a minimum
follow-up of two years were identified from our hospital
record. We excluded the patients with multi-ligament knee
injuries / associated meniscus injuries. The patients were
contacted on phone and called for follow-up in our outpatient department.
After calculating the sample size of 90, 102 patients divided
in three groups were enrolled in the present study with 34
patients in each group. Group I for BPTB graft, Group II for
free STG graft and Group III for STGPI graft. First 34
patients reported in each group were enrolled after taking
written consent. All the patients were assessed for
mechanical stability (arthrometric examination KT-1000
score), functional outcome (Lysholm Score) return to sports
activity (Tegner score and difference in thigh circumference)
and degenerative changes (KL grading).

All the patients were treated using standard techniques for
ACL reconstruction. Our post-operative rehabilitation
protocol was similar in all patients. Clearance from
institutional ethical board was taken before starting the
study.
ANOVA test was used to compare the three groups for KT1000 score, Lysholm score, Tegner score and difference in
thigh circumference. Post Hoc Tukey HSD test was used to
compare Group I with Group II, Group I with Group III and
Group II with Group III for KT-1000 score, Lysholm score,
Tegner score and difference in thigh circumference.
RESULTS

A total of 102 patients were enrolled in this study. There
were four graft failures; one in Group I, two in Group II and
one in Group III. The difference was not significant among
groups (ANOVA test). We analysed 98 patients at final
follow-up with mean follow-up of 28.79, 33.79 and 29.54
months in Group I, Group II and Group III, respectively.
Mean age in Group I, Group II and Group III was 24.0 +/5.0, 23.21 +/- 7.5 and 23.0 +/- 5.7 years, respectively. Three
groups were compared and found to be matched for age
(Table I). There were more males than females and right side
was involved more frequently (Table II). Duration of injury

14

Soni A, et al

before surgery ranged from three weeks to seven years
(Table III).

In Group I, Group II and Group III mean KT-1000 score was
1.68, 2.26 and 2.24, respectively, mean Lysholm score was
98.30, 97.30 and 97.10, respectively and mean thigh
circumference difference was 1.40, 1.90 and 1.60,
respectively. Results of KT-1000 score, Lysholm score,
Tegner score, difference in thigh circumference and KL
grading are shown in Table IV and Table V. Group I was
found to be better than Group II and Group III in terms of
KT-1000 score. There was no significant difference among
the groups when compared in terms of Lysholm score,
Tegner score, difference in thigh circumference and KL
grading.
DISCUSSION

ACL deficient knee leads to significant morbidity in a high
demand patients. The purpose of ACL reconstruction is to
resume the stability of the knee to pre injury level without
significant complications. Despite being debated for many
years, there is still controversy about the optimal graft choice
for ACL reconstruction. BPTB graft is considered to have
lesser laxity, high durability and larger graft diameter as
compared to STG graft8,9 however it has more donor site
morbidity10,11. Allograft is reported to have significantly
lesser stability than autograft and is considered only for multi
ligament injury where autograft is insufficient12,13.

Though the mechanical stability of reconstructed ACL is
reported to range from 85% - 90% this does not correlate
with functional outcome14. Loss of proprioception after ACL
reconstruction is considered to be one of the reasons for this
suboptimal outcome15-17. Also, it is reported that the fixation
at the tibial side is the weakest point in the whole construct
of ACL reconstruction when free graft is used18,19. The
problem of loss of proprioception and fixation at tibial side
can be solved by using STG graft with preserved tibial
insertion. When graft is not stripped from its tibial side the
nerve supply of the tendon and so its proprioception is not
disrupted. However, there is insufficient literature comparing
this preserved tibial insertion graft to free graft for ACL
reconstruction.
BPTB graft heals more rapidly as compared to STG graft
because in case of BPTB graft healing takes place at bonebone interface whereas in STG graft healing takes place at
soft tissue-bone interface20,21. If the graft is loaded before
sufficient healing there is decrease in tension and loosening
of the graft leading to decreased stability. Since the healing
is better, there are less chances of graft loosening and knee
instability with BPTB graft as compared to STG graft. This
has also been reported by previous clinical studies8,9.
However recent meta-analysis failed to find any significant
difference between these two types of grafts22-24. Xie et al in
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their meta-analysis of seven studies compared the BPTB
graft with four stranded hamstring graft22. The authors did
not find any statistically significant difference between two
groups when compared for knee stability using KT-1000
score and Lachman test. However authors reported that
stability was better in BPTB group when assessed by pivot
shift test. Li et al in their meta-analysis of nine studies (738
patients) found similar results23. When compared for knee
stability using Lachman test there was no significant
difference between BPTB and hamstring graft but BPTB was
found to be significantly better than hamstring when
compared by pivot shift test. Similar results were found by
Magnussen et al in their meta-analysis of seven studies when
knee stability was compared by using Lachman test24. The
authors did not find any significant difference between
BPTB and hamstring grafts. However, unlike the two above
mentioned studies, the authors found that the results were
comparable between BPTB and hamstring graft even when
compared for pivot shift test. In our study we assessed knee
stability on KT-1000 score and found that KT-1000 score is
significantly better in BPTB graft as compared to free STG
and STGPI grafts. Our study is different than previous
studies as we also compared BPTB graft with STGPI graft.
We used KT-1000 score to assess knee stability. We believe
that KT-1000 score is no less reliable than other tests to
assess knee stability. Though it is believed that Lachman test
and Pivot test indicates anterior stability and rotational
stability respectively, the relationship between Pivot test and
stability needs a clarification23. Also, Abulhasan et al in their
systematic review of 34 articles evaluated different knee
stability measures and concluded that there is no gold
standard technique to assess knee stability25. Kilinc et al
compared the accuracy of the Lachman and Anterior Drawer
Tests to evaluate the knee examination with the KT-1000
arthrometer in 40 ACL reconstructed knees26. The authors
concluded that KT-1000 score is as reliable as Lachman and
Anterior Drawer tests.

In our study we analysed the patient reported outcome using
Lysholm score. We did not find any statistically significant
difference among the three groups. Xie et al22 in 2015 and Li
et al23 in 2012, in their meta-analysis, analysed the patient
reported outcome using IKCD and did not find any
difference between BPTB and hamstring grafts after ACL
reconstruction. Similarly Magnussen et al in 2011 in their
meta-analysis analysed patient reported outcome after ACL
reconstruction using Lysholm score, IKCD and Cincinnati
scores and find no difference between BPTB and hamstring
grafts24. Though IKDC score is well accepted to provide a
full evaluation of the post-operative ACL knee
reconstruction outcome, Lysholm score, which we used in
our study, is also believed to be an acceptable psychometric
parameter as patient-administered score after ACL
reconstruction27.

Tegner score is a standardised method of grading work and
sporting activity. In our study we did not find any statistically
significant difference among the groups when assessed for
return to sports activity using Tegner score and difference in
thigh circumference from normal limb. Our results are
different than previously reported results by Magnussen in
their meta-analysis24. The authors found that return to
preinjury activity level is favoured by BPTB group as
compared to STG group though the functional outcome was
same in both groups.

Associated meniscus injury may lead to degenerative
changes after ACL reconstruction. In our study we excluded
the patients having associated meniscus injuries. We used
KL grading to see osteoarthritic changes after ACL
reconstruction and found no significant difference among the
tree types of grafts we used.

Similar to the reported results in previous meta-analysis22-24
we did not find any difference between graft failure rates of
BPTB and free STG group. In addition we also compared the
failure rates of STGPI grafts with BPTB and free STG
groups and we did not find any difference among the groups.

We acknowledge the drawbacks of our study. Our study is a
post-hoc analysis of retrospective cohort and we believe a
better designed prospective study with a bigger sample size
can be more valuable.
CONCLUSION

After ACL reconstruction the BPTB graft is better than free
STG and STGPI grafts in terms of knee stability. When
compared for patient reported outcome, return to sports
activity, osteoarthritic changes and graft failure there is no
significant difference among the three types of grafts at mid
to long term follow-up. However, we suggest further a better
designed study on this topic.
ETHICAL APPROVAL

This study was cleared by institutional ethical board and all
ethical guidelines on human research were followed.
FINANCIAL SUPPORT AND SPONSORSHIP

The study was funded by AO Trauma as AO Trauma Asia
Pacific Research Grant 2017 (AOTAP17-04)
CONFLICT OF INTEREST

The authors declare no potential conflict of interest.

15

3-OS1-160_OA1 7/24/21 7:58 PM Page 16

Malaysian Orthopaedic Journal 2021 Vol 15 No 2

Soni A, et al

REFERENCES

1.
2.
3.
4.
5.
6.
7.
8.
9.

Shaerf DA, Pastides PS, Sarraf KM, Willis-Owen CA. Anterior cruciate ligament reconstruction best practice: A review of graft

choice. World J Orthop. 2014; 5(1): 23-9. doi: 10.5312/wjo.v5.i1.23

Villa FD, Ricci M, Perdisa F, Filardo G, Gamberini J, Caminati D, et al. Anterior cruciate ligament reconstruction and

rehabilitation: predictors of functional outcome. Joints. 2016; 3(4): 179-85. doi: 10.11138/jts/2015.3.4.179

Kraeutler MJ, Bravman JT, McCarty EC. Bone-patellar tendon-bone autograft versus allograft in outcomes of anterior cruciate

ligament reconstruction: a meta-analysis of 5182 patients. Am J Sports Med. 2013; 41(10): 2439-48. doi:
10.1177/0363546513484127

Kaeding CC, Aros B, Pedroza A, Pifel E, Amendola A, Andrish JT, et al. Allograft Versus Autograft Anterior Cruciate Ligament

Reconstruction: Predictors of Failure From a MOON Prospective Longitudinal Cohort. Sports Health. 2011; 3(1): 73-81. doi:

10.1177/1941738110386185

Shino K, Nakata K, Horibe S, Inoue M, Nakagawa S. Quantitative evaluation after arthroscopic anterior cruciate ligament

reconstruction. Allograft versus autograft. Am J Sports Med. 1993; 21(4): 609-16. doi: 10.1177/036354659302100421

Valeriani M, Restuccia D, Di Lazzaro V, Franceschi F, Fabbriciani C, Tonali P. Clinical and neurophysiological abnormalities

before and after reconstruction of the anterior cruciate ligament of the knee. Acta Neurol Scand. 1999; 99(5): 303-7. doi:

10.1111/j.1600-0404.1999.tb00680.x

Gupta R, Bahadur R, Malhotra A, Masih GD, Gupta P. Anterior Cruciate Ligament Reconstruction Using Hamstring Tendon

Autograft With Preserved Insertions. Arthrosc Tech. 2016; 5(2): e269-74. doi: 10.1016/j.eats.2015.12.007

Bourke HE, Salmon LJ, Waller A, Patterson V, Pinczewski LA. Survival of the anterior cruciate ligament graft and the

contralateral ACL at a minimum of 15 years. Am J Sports Med. 2012; 40(9): 1985-92. doi: 10.1177/0363546512454414

Mascarenhas R, Tranovich MJ, Kropf EJ, Fu FH, Harner CD. Bone-patellar tendon-bone autograft versus hamstring autograft

anterior cruciate ligament reconstruction in the young athlete: a retrospective matched analysis with 2-10 year follow-up. Knee

Surg Sports Traumatol Arthrosc. 2012; 20(8): 1520-7. doi: 10.1007/s00167-011-1735-2

10. Biau DJ, Tournoux C, Katsahian S, Schranz PJ, Nizard RS. Bone-patellar tendon-bone autografts versus hamstring autografts for
reconstruction of anterior cruciate ligament: meta-analysis. BMJ. 2006; 332(7548): 95-1001. doi: 10.1136/bmj.38784.384109.2F

11. Freedman KB, D’Amato MJ, Nedeff DD, Kaz A, Bach BR Jr. Arthroscopic anterior cruciate ligament reconstruction: a meta-

analysis comparing patellar tendon and hamstring tendon autografts. Am J Sports Med. 2003; 31(1): 2-11. doi:

10.1177/03635465030310011501

12. Gorschewsky O, Klakow A, Riechert K, Pitzl M, Becker R. Clinical comparison of the tutoplast allograft and autologous patellar
tendon (bone-patellar tendon-bone) for the reconstruction of the anterior cruciate ligament: 2- and 6-year results. Am J Sports

Med. 2005; 33(8): 1202-9. doi: 10.1177/0363546504271510

13. Prodromos C, Joyce B, Shi K. A meta-analysis of stability of antografts compared to allografts after anterior cruciate ligament
reconstruction. Knee Surg Sports Traumatol Arthrosc. 2007; 15(7): 851-6. doi: 10.1007/s00167-007-0328-6

14. Freeman JW, Kwansa AL. Recent advancements in ligament tissue engineering: The use of various techniques and materials for
ACL repair. Recent Pat Biomed Eng. 2008; 1(1): 18-23. doi: 10.2174/1874764710801010018

15. Denti M, Monteleone M, Berardi A, Panni AS. Anterior cruciate ligament mechanoreceptors. Histologic studies on lesions and
reconstruction. Clin Orthop Relat Res. 1994; 308: 29-32.

16. Zhou MW, Gu L, Chen YP, Yu CL, Ao YF, Huang HS, et al. Factors affecting proprioceptive recovery after anterior cruciate
ligament reconstruction. Chin Med J (Engl). 2008; 121(22): 2224-8.

17. Barret DS. Proprioception and function after anterior cruciate ligament reconstruction. J Bone Joint Surg Br. 1991; 73(5): 8337. doi: 10.1302/0301-620X.73B5.1894677

18. Steiner ME, Hecker AT, Brown CH Jr, Hayes WC. Anterior cruciate ligament graft fixation: Comparison of hamstring and
patellar tendon grafts. Am J Sports Med. 1994; 22(2): 240-6. doi: 10.1177/036354659402200215

19. Sgaglione NA, Warren RF, Wickiewicz TL, Gold DA, Panariello RA. Primary repair with semitendinosus tendon augmentation
of acute anterior cruciate ligament injuries. Am J Sports Med. 1990; 18(1): 64-73. doi: 10.1177/036354659001800111

16

3-OS1-160_OA1 7/24/21 7:58 PM Page 17

Graft Comparison in ACL Reconstruction

20. Papageorgiou CD, Ma CB, Abramowitch SD, Clineff TD, Woo SL. A multidisciplinary study of the healing of an intraarticular
anterior cruciate ligament graft in a goat model. Am J Sports Med. 2001; 29(5): 620-6. doi: 10.1177/03635465010290051501

21. Weiler A, Hoffman RFG, Bail HJ, Rehm O, Sudkamp NP. Tendon healing in a bone tunnel: part II: histologic analysis after

biodegradable interference fit fixation in a model of anterior cruciate ligament reconstruction in sheep. Arthroscopy. 2002; 18(2):

124-35. doi: 10.1053/jars.2002.30657

22. Xie X, Liu X, Chen Z, Yu Y, Peng S, Li Q. A meta-analysis of bone-patellar tendon-bone autograft versus four-strand hamstring
tendon autograft for anterior cruciate ligament reconstruction. Knee. 2015; 22(2): 100-10. doi: 10.1016/j.knee.2014.11.014

23. Li S, Chen Y, Lin Z, Cui W, Zhao J, Su W. A systematic review of randomized controlled clinical trials comparing hamstring
autografts versus bone-patellar tendon-bone autografts for the reconstruction of the anterior cruciate ligament. Arch Orthop

Trauma Surg. 2012; 132(9): 1287-97. doi: 10.1007/s00402-012-1532-5

24. Magnussen RA, Carey JL, Spindler KP. Does autograft choice determine intermediate-term outcome of ACL reconstruction?
Knee Surg Sports Traumatol Arthrosc. 2011; 19(3): 462-72. doi: 10.1007/s00167-010-1277-z

25. Abulhasan JF, Snow MD, Anley CM, Bakhsh MM, Grey MJ. An Extensive Evaluation of Different Knee Stability Assessment
Measures: A Systematic Review. J Funct Morphol Kinesiol. 2016; 1(2): 209-29. doi: 10.3390/jfmk1020209

26. Kilinc BE, Kara A, Celik H, Oc Y, Camur S. Evaluation of the accuracy of Lachman and Anterior Drawer Tests with KT1000 ın
the follow-up of anterior cruciate ligament surgery. J Exerc Rehabil. 2016; 12(4): 363-7. doi: 10.12965//jer.1632622.311

27. Briggs KK, Lysholm J, Tegner Y, Rodkey WG, Kocher MS, Steadman JR. The reliability, validity, and responsiveness of the

Lysholm score and Tegner activity scale for anterior cruciate ligament injuries of the knee: 25 years later. Am J Sports Med. 2009;

37(5): 890-97. doi: 10.1177/0363546508330143

17

