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ABSTRACT

Aim: The aim of the present study to evaluate the anterior cruciate ligament reconstruction
using a combination of autograft and allograft tendon

Methods: Twenty Total 44 patients were included in this study and divided into two equal
groups 22 patients. Out of 44 patients, 22 were undergoing for auto graftsand 22 patients for
hybrids process. These 22 patients were matched by age (within 1 year) and sex with 22
patients who underwent hamstring autograft ACL reconstruction during the same time period.
Collected data included graft size, patient demographics, intraoperative findings, femoral
tunnel drilling technique, and patient-reported outcome scores (International Knee
Documentation Committee [IKDC],"> Knee injury and Osteoarthritis Outcome Score
[KOOS],* and Marx activity score *°) prior to surgery.

Results: The final graft size was noted to be larger in the hybrid group (9.5+ 0.6 mm) than
the autograft group (8.4 0.9 mm) (P < .001). 5 month postoperatively, no significant
differences in KOOS, IKDC, or Marx activity score were noted between the hybrid and
autograft groups (Table 5 and 6). Both groups demonstrated significant improvements in
KOOS and IKDC compared with preoperative values (P < .001). Revision ACL surgery was
performed in 5 patients in the hybrid group (22.73%) and 2 patients in the autograft group
(9.9%).

Conclusion: Patients who undergo ACL reconstruction with hybrid hamstring grafts and
hamstring autografts report similar patient-reported outcome scores at 15 months
postoperative. Further work is required to investigate potential increased risk of revision ACL
reconstruction.
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INTRODUCTION

Anterior cruciate ligament (ACL) reconstruction is currently regarded as the best treatment
for physically active patients with ACL rupture. A variety of autograft, hybrid graft, and
allograft tissues are used for primary ACL reconstruction. Hamstring autograft is a popular
choice due to the advantages of low donor site morbidity, early graft incorporation, and no
risks of immune re- actions and disease transmission.” “However, some patients may have
small tendon diameters, which compromises the tensile strength of the grafts.* Clinically, this
has translated to a higher likelihood of poor clinical outcomes as the graft diameter decreases.
Previous studies have reported that the use of hamstring autografts with 8 mm in diameter or
less resulted in increased graft failure risk and anterior knee laxity.*®
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Although autograft has the advantages of earlier incorporation and no rejection or disease
transmission, it may result in donor-site morbidity. The advantages of allograft include the
availability of numerous grafts, avoidance of donor-site morbidity, shorter operation time,
and shorter rehabilitation time.”® However, its major disadvantages are higher graft cost,
disease transmission, delayed graft incorporation, and worse function- al outcome.'® Gamma
irradiation has been used to prevent infection caused by allograft. However, several studies
have indicated that this sterilization method considerably change the biomechanical and
biochemical properties of allograft."***The purpose of this study was to compare the 5 month
postoperative outcomes of patients treated with hybrid ACL reconstruction with those who
underwent hamstring autograft ACL reconstruction. We hypothesized that similar patient-
reported outcomes and failure risk would be noted in the 2 groups.

MATERIAL AND METHODS

This study was carried out in the Department of Orthopaedic, IGIMS, Patna, Bihar, India
from October 2019 to September 2020 after taking the approval of the protocol review
committee and institutional ethics committee. Total 44 patients were included in this study
and divided into two equal groups 22 patients. Out of 44 patients, 22 were undergoing for
auto graftsand 22 patients for hybrids process. Collected data included graft size, patient
demographics (sex, age at surgery), intraoperative findings (meniscus and cartilage status),
femoral tunnel drilling technique (transtibial vs independent), and patient-reported outcome
scores (International Knee Documentation Committee [IKDC],** Knee injury and
Osteoarthritis Outcome Score [KOOS],** and Marx activity score *°) prior to surgery.

METHODOLOGY

The semitendinosus and gracilis tendons were harvested via a standard anterior approach,
stripped of any remaining muscle, whipstitched on both ends, and doubled over to form a 4-
strand graft. Grafts were then measured on the back table to determine the diameter. Grafts
with a diameter of less than 8 mm were augmented with a semitendinosus tendon allograft at
the discretion of the operating surgeon. All allografts were processed and sterilized using a
proprietary technique involving aseptic harvest, antibiotic washes, and freezing that was free
of high-dose irradiation (>2.5 Mrad) or ethylene oxide exposure. Some grafts received low-
dose irradiation per the proprietary process depending on the findings of their analysis during
preparation. In the majority of cases, only 1 autograft hamstring tendon, usually the
semitendinosus, was combined with an allograft semitendinosus tendon to form the graft.
When the native semitendinosus was too short, the native gracilis was combined with
allograft tendon to form the hybrid graft. At times, both the native semitendinosus and
gracilis tendons were combined with the allograft semitendinosus to make a 6-strand graft.
An arthroscopic-assisted technique was then used to complete the ACL reconstfuction.
Femoral tunnels were drilled through a transtibial method or outside-in method per the
preference of the attending surgeon. The femoral tunnel was consistently drilled to be the
same diameter as the prepared graft. In all cases, femoral fixation was per- formed using a
cortical button. Tibial fixation was achieved with the use of an interference screw backed up
with either a staple or a screw and washer. An accelerated ACL postoperative rehabilitation
was used in all patients.*®

STATISTICS ANALYSIS
All statistical tests were performed using SPSS (version 25.0).

RESULTS
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Out of 44 patients, 22 were undergoing for auto graftsand 22 patients for hybrids process.
There were 8 males and 14 females in autografts and in hybrids males were 11 and females
were 11. The patients number in below 30 age groups in each group were 10(45.45%) and
9(40.91%), however in above 30age group were 12 (54.54%) and 13(59.09%) respectively.
No significant differences in preoperative IKDC, KOOS, or Marx activity score were noted
between the 2 groups (Table 1). The final graft size was noted to be larger in the hybrid group
(9.5+ 0.6 mm) than the autograft group (8.4 £0.9 mm) (P < .001). 15 months postoperatively,
no significant differences in KOOS, IKDC, or Marx activity score were noted between the
hybrid and autograft groups (Table 5 and 6). Both groups demonstrated significant
improvements in KOOS and IKDC compared with preoperative values (P < .001). Revision
ACL surgery was performed in 5 patients in the hybrid group (22.73%) and 2 patients in the
autograft group (9.9%).

Table 1: Demographic profile of the patients in both groups

Parameter | Auto grafts =22 | Hybrids = 22
Age in years
Below 30 10 (45.45) 9(40.91)
Above 30 12(54.54) 13(59.09)
Gender
Male 8 (36.36) 11(50)
Female 14(63.63) 11(50)

Table: 2 Preoperative profile of the patients in both groups

Outcome Auto grafts | Hybrids | P Value
KOOS-ADL 83.0+17.0 | 78.0£23.5 0.33
KOQOS-Pain 72.1+17.3 | 68.9+19.9 0.51
IKDC 50.5+18.1 | 47.4+£16.2 0.36
KOOS-Symptoms | 69.4 +19.4 | 65.3 + 20.6 0.38
KOOS-Sport 37.2+23.7 | 80.3+£31.9 0.69
KOOS-QOL 30.9+16.1 | 35.8+24.3 0.37
Table 3: Marx activity score
Auto grafts | Hybrids | P Value
Marx activity score, median (IQR) 12 (4-14) | 14 (10-14) 0.11
Table 4: Intraoperative profile of the patients in both groups
Intra operative Data Autografts | Hybrids | P Value
Collateral ligament injuries >0.99
None 10 10
Grade 1 MCL 12 12
Cartilage lesions 0.99
Medial compartment
Grade 0/1 11 12
Grade 2-3 7 6
Grade 4 4 4
lateral compartment >0.99
Grade 0/1 10 10
Grade 2-3 12 12
Grade 4 0 0
Patello femoral compartment 0.19
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Grade 0/1 17 21

Grade 2-3 5 1

Grade 4 0 0

Table 5: outcomes
Outcome Auto grafts | Hybrids P Value

KOOS-ADL 98.1+95 | 97.0+9.9 0.71
KOOS-Pain 92.2+118 | 924 +11.7 0.99
IKDC 83.5+176 | 82.3+15.2 0.82
KOOS-Symptoms | 85.9+14.7 | 86.1 +14.4 0.98
KOQOS-Sport 82.1+224 | 81.3+225 0.93
KOOS-QOL 67.7+235 | 71.9+20.9 0.50

Data are reported as mean + SD unless otherwise indicated. ACL, anterior cruciate ligament;
ADL, activities of daily living; IKDC, International Knee Documentation Committee; IQR,
interquartile range; KOOS, Knee injury and Osteoarthritis Outcome Score; QOL, quality of
life.

Table 6: Marx activity score

Auto grafts | Hybrids | P Value
Marx activity score, median (IQR) 10 (5-14) 9 (4-15) 0.86
Revision ACL surgery 2 (9.9 5 (22.73) 0..31
Performed, n (%)

DISCUSSION

Hamstring autografts are commonly used for ACL reconstruction, with successful clinical
results and low donor site morbidities.*”*®However, the recent literature suggests that a small
graft diameter (especially those less than 8 mm) would biomechanically decrease the tensile
strength 2, and clinically cause high revision risk and poor patient-reported outcomes.” °
Unfortunately, the harvested hamstring tendons showed significant variability in size **%,
with 7 to 8 mm being most common for quadruple-stranded grafts.® For example, Prodromos
et al ** reported a 5% failure rate for autograft compared with 14% for allograft in their study.
Kaeding et al % reported a 3.5% failure rate for autograft versus 8.9% for allograft in their
cohort. There was significantly less clinical failure in the autograft group in our meta-
analysis. In a recent meta-analysis, Prodromos et al, ?* Yao et al, *® and Zeng et al * found
that autograft gained significantly less clinical failure compared with allograft. Although the
finding was consistent with ours, our study included all the available evidence, which
generally coincided and further strengthened earlier findings of previous meta-analyses.
Additionally, the TSA was used in this meta-analysis to generate more conservative
estimates. Hybrid grafts were suggested as a potential solution to the problem of small
hamstring graft harvest because they do offer several advantages, the most important of
which is the avoidance of a small graft without additional harvest morbidity.”> The mean
hybrid graft diameter in the current study was 9.5 £ 0.6 mm in a group of patients in whom a
standard doubled gracilis/semitendinosus graft diameter was less than 8 mm. Because
previous publications have associated small graft diameter with increased revision risk,?%"?®
it was hypothesized that increasing the graft size through allograft augmentation may
decrease failure risk. The findings of the current study and that by Burrus et al % bring this
hypothesis into question.

The reason for the relatively high failure risk of hybrid grafts is not completely clear,
although the presence of allograft material in the graft is clearly a concern, given the
increased risk of allograft failure in young, active patients.*® while the etiology of increased
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allograft failure rates is likely multifactorial, different patterns of revas- cularization and
ligamentization may contribute. Numerous animal studies******and as well magnetic
resonance imaging (MRI) studies 34 in humans have demonstrated slower revascularization
and ligamentization in allografts. The presence of allograft tissue in a hybrid graft may thus
potentially compromise graft mechanical properties. The mean time to hybrid graft revision
in the cur- rent study was 11.3 months; in the study of Burrus et al,* all hybrid graft failures
occurred within 9.7 months of surgery. It has been suggested that patients with allograft
reconstructions should return to sport at a slower pace than the traditional 6-month mark to
allow the graft to incorporate.*

Allograft processing has also been shown to influence allograft mechanical properties.
Thus, one must care- fully consider the allograft processing technique that was utilized when
evaluating any graft that contains some allograft tissue. Both the current study and that by
Burruset al*® utilized grafts without high-dose terminal irradiation. Low-dose irradiation such
as that utilized in these studies has been shown to have minimal effect on graft mechanical
properties.>”%° Grafts processed with other techniques or fresh-frozen grafts may yield
different results.

Another explanation of the high failure risk of hybrid grafts is that the patient population that
has smaller ham- string tendons is simply a higher risk group than those with larger grafts for
reasons other than graft size. Younger age has been shown by several authors to be associated
with smaller graft size,*"?® although graft size has been shown to be an independent predictor
of revision risk when controlling for age.”® Ma et al *® looked at 536 patients who underwent
autograft ACL reconstruction and found that height and female sex were indicators of a small
graft size, while Treme et al ** showed that weight or a body mass index less than 18 kg/m2
and height were risk factors for small graft diameter.

35,36

CONCLUSION

Patients who undergo ACL reconstruction with hybrid hamstring grafts and hamstring
autografts report similar patient-reported outcome scores at 15 month postoperative. Further
work is required to investigate potential increased risk of revision ACL reconstruction.

REFERENCES

1. 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.

2. Tian S, Wang B, Liu L, Wang Y, Ha C, Li Q, et al. Irradiated hamstring tendon allograft
versus autograft for anatomic double-bundle anterior cruciate ligament reconstruction:
midterm clinical outcomes. Am J Sports Med. 2016; 44(10):2579-88.

3. Boniello MR, Schwingler PM, Bonner JM, Robinson SP, Cotter A, Bonner KF. Impact of
hamstring graft diameter on tendon strength: a biomechanical study. Arthroscopy.
2015;31(6):1084-90.

4. Magnussen RA, Lawrence JT, West RL, Toth AP, Taylor DC, Garrett WE. Graft size and
patient age are predictors of early revision after anterior cruciate ligament reconstruction
with hamstring autograft. Arthroscopy. 2012;28(4):526-31.

5. Mariscalco MW, Flanigan DC, Mitchell J, et al. The influence of hamstring autograft size
on patient-reported outcomes and risk of revision after anterior cruciate ligament
reconstruction: a Multicenter Orthopaedic Outcomes Network (MOON) cohort study.
Arthroscopy. 2013;29(12):1948-53.

6. Conte EJ, Hyatt AE, Gatt CJ Jr, Dhawan A. Hamstring autograft size can be predicted
and is a potential risk factor for anterior cruciate ligament reconstruction failure.
Arthroscopy. 2014;30(7):882-90.

1750



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

European Journal of Molecular & Clinical Medicine

ISSN 2515-8260 Volume 09, Issue 03, 2022

Lephart SM, Kocher MS, Harner CD, et al. Quadriceps strength and functional capacity
after anterior cruciate ligament reconstruction. Patellar tendon autograft versus allogratft.
Am J Sports Med 1993;21:738-43.

Peterson RK, Shelton WR, Bomboy AL. Allograft versus autograft patellar tendon
anterior cruciate ligament reconstruction: a 5-year follow-up. Arthroscopy 2001;17:9-13.
Shelton WR, Papendick L, Dukes AD. Autograft versus allograft anterior cruciate
ligament reconstruction. Arthroscopy 1997;13:446-9.

Barbour SA, King W. The safe and effective use of allograft tissue—an update. Am J
Sports Med 2003;31:791-7.

Balsly CR, Cotter AT, Williams LA, et al. Effect of low dose and moderate dose
gamma irradiation on the mechanical properties of bone and soft tissue allografts. Cell
Tissue Bank 2008;9:289-98.

Schwartz HE, Matava MJ, Proch FS, et al. The effect of gamma irradiation on
anterior cruciate ligament allograft biomechanical and biochemical properties in the
caprine model at time zero and at 6 months after surgery. Am J Sports Med
2006;34:1747-55.

Higgins LD, Taylor MK, Park D, et al; International Knee Documenta- tion Committee.
Reliability and validity of the International Knee Documentation Committee (IKDC)
Subjective Knee Form. Joint Bone Spine. 2007;74:594-599.

Roos EM, Lohmander LS. The Knee injury and Osteoarthritis Out- come Score (KOOS):
from joint injury to osteoarthritis. Health Qual Life Outcomes. 2003;1:64.

Marx RG, Stump TJ, Jones EC, Wickiewicz TL, Warren RF. Develop- ment and
evaluation of an activity rating scale for disorders of the knee. Am J Sports Med.
2001;29:213-218.

Wright RW, Haas AK, Anderson J, et al; MOON Group. Anterior cru- ciate ligament
reconstruction rehabilitation: MOON guidelines. Sports Health. 2015;7:239-243.
Toritsuka Y, Shino K, Horibe S, et al. Second-look arthroscopy of anterior cruciate
ligament grafts with multistranded hamstring tendons. Arthroscopy. 2004;20(3):287-93.
Goradia VK, Grana WA. A comparison of outcomes at 2 to 6 years after acute and
chronic anterior cruciate ligament reconstructions using hamstring tendon grafts.
Arthroscopy. 2001;17(4):383-92.

Bickel BA, Fowler TT, Mowbray JG, Adler B, Klingele K, Phillips G. Preoperative
magnetic resonance imaging cross-sectional area for the measurement of hamstring
autograft diameter for reconstruction of the adolescent anterior cruciate ligament.
Arthroscopy. 2008;24(12):1336-41.

Park SY, Oh H, Park S, Lee JH, Lee SH, Yoon KH. Factors predicting hamstring tendon
autograft diameters and resulting failure rates after anterior cruciate ligament
reconstruction. Knee Surg Sports TraumatolArthrosc. 2013;21(5):1111-8.

Prodromos C, Joyce B, Shi K. A meta-analysis of stability of autografts compared to
allografts after anterior cruciate ligament reconstruction. Knee Surg Sports
TraumatolArthrosc 2007;15:851-6.

Kaeding CC, Aros B, Pedroza A, et al. Allograft versus autograft anterior cruciate
ligament reconstruction: predictors of failure from a MOON prospective longitudinal
cohort. Sports Health 2011;3:73-81.

Yao LW, Wang Q, Zhang L, et al. Patellar tendon autograft versus patellar tendon
allograft in anterior cruciate ligament reconstruction: a systematic review and meta-
analysis. Eur J OrthopSurgTraumatol 2015;25:355-65.

Zeng C, Gao SG, Li H, et al. Autograft versus allograft in anterior cruciate ligament
reconstruction: a meta-analysis of randomized controlled trials and systematic review of
overlapping systematic reviews. Arthroscopy 2016;32:153-63. e118.

1751



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

European Journal of Molecular & Clinical Medicine

ISSN 2515-8260 Volume 09, Issue 03, 2022

Magnussen RA, Kaeding CC, Taylor DC. Solutions to small hamstring autograft harvest:
a survey of the ACL Study Group. CurrOrthopPract. 2015;26:42-44.

Magnussen RA, Lawrence JT, West RL, Toth AP, Taylor DC, Garrett WE. Graft size and
patient age are predictors of early revision after anterior cruciate ligament reconstruction
with hamstring autograft. Arthroscopy. 2012;28:526-531.

Mariscalco MW, Flanigan DC, Mitchell J, et al. The influence of ham- string autograft
size on patient-reported outcomes and risk of revision after anterior cruciate ligament
reconstruction: a Multicenter Ortho- paedic Outcomes Network (MOON) Cohort Study.
Arthroscopy. 2013;29:1948-1953.

Park SY, Oh H, Park S, Lee JH, Lee SH, Yoon KH. Factors predicting hamstring tendon
autograft diameters and resulting failure rates after anterior cruciate ligament
reconstruction. Knee Surg Sports Trauma- tolArthrosc. 2013;21:1111-1118.

Burrus MT, Werner BC, Crow AJ, et al. Increased failure rates after anterior cruciate
ligament reconstruction with soft-tissue autograft- allograft hybrid grafts. Arthroscopy.
2015;31:2342-2351.

Kaeding CC, Aros B, Pedroza A, et al. Allograft versus autograft ante- rior cruciate
ligament reconstruction: predictors of failure from a MOON prospective longitudinal
cohort. Sports Health. 2011;3:73-81.

Dustmann M, Schmidt T, Gangey I, Unterhauser FN, Weiler A, Scheffler SU. The
extracellular remodeling of free-soft-tissue auto- grafts and allografts for reconstruction
of the anterior cruciate liga- ment: a comparison study in a sheep model. Knee Surg
Sports TraumatolArthrosc. 2008;16:360-369.

Jackson DW, Grood ES, Goldstein JD, et al. A comparison of patellar tendon autograft
and allograft used for anterior cruciate ligament reconstruction in the goat model. Am J
Sports Med. 1993;21:176-185.

Nagano J, Shino K, Maeda A, Nakata K, Horibe S. The remodelling process of allogeneic
and autogenous patellar tendon grafts in rats: a radiochemical study. Arch Orthop Trauma
Surg. 1996;115:10-16.

Muramatsu K, Hachiya Y, Izawa H. Serial evaluation of human anterior cruciate ligament
grafts by contrast-enhanced magnetic resonance imaging: comparison of allografts and
autografts. Arthroscopy. 2008; 24:1038-1044.

Fideler BM, Vangsness CT Jr, Lu B, Orlando C, Moore T. Gamma irradiation: effects on
biomechanical properties of human bone— patellar tendon-bone allografts. Am J Sports
Med. 1995;23:643-646.

Rasmussen TJ, Feder SM, Butler DL, Noyes FR. The effects of 4 Mrad of gamma
irradiation on the initial mechanical properties of bone— patellar tendon-bone grafts.
Arthroscopy. 1994;10:188-197.

Balsly CR, Cotter AT, Williams LA, Gaskins BD, Moore MA, Wolfin- barger L Jr. Effect
of low dose and moderate dose gamma irradiation on the mechanical properties of bone
and soft tissue allografts. Cell Tissue Bank. 2008;9:289-298.

Ma CB, Keifa E, Dunn W, Fu FH, Harner CD. Can pre-operative measures predict
quadruple hamstring graft diameter? Knee. 2010;17:81-83.

Treme G, Diduch DR, Billante MJ, Miller MD, Hart JM. Hamstring graft size prediction:
a prospective clinical evaluation. Am J Sports Med. 2008;36:2204-2209.

1752



	Correspondence:

