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Purpose: The main objective of this study was to examine the effectiveness of the 
allograft bone dowels “Allobone” on knee stability and potentially arising long-term 
complications.

Method: Ninety-four patients who underwent multiple-stage revision ACL 
reconstruction using the Allobone dowels for femoral bony deficiency between 2015 
and 2021 were included in this analysis. Complications, range of motion, the Lachman 
test, and the pivot-shift test were used for assessment. Follow-up was carried out at 3 
months, 6 months, and 9 months.

Results: No dowel degradation nor major complications were reported. The average 
postoperative knee flexion significantly improved from 120.1°±22.0 preoperatively to 
133.2°±7.1, 133.3°±6.1 and 134.5°±5.2 at 3, 6 and 9 months postoperative (p < 0.0001). 
The average knee extension significantly improved from 2.1°±4.1 preoperatively to 
0.7°±1.9, 0.6°±2.0, and 0.5°± 1.4 at the different postoperative time-points (P< 0.021). 
The Lachman test and Pivot-shift test were also significantly improved when compared 
with preoperative status (p< 0.0001). 

Conclusion: The analysis of patients’ outcomes data shows that reconstruction 
of ACL lesions using the Supercritical CO2 processed allograft bone dowels “Allobone” 
resulted in satisfactory graft integration and a good stability of the knee joint with no 
major complications.

Introduction   
Rupture of the anterior cruciate ligament (ACL) is the most 

common knee injury requiring surgical repair [1]. Although long-
term functional stability and symptom relief can be achieved in 
most patients following ACL reconstruction, approximately 2% to 
10% of patients will eventually require a secondary ACL surgery 
[2]. The annual number of patients undergoing ACL reconstruction 
appears to be increasing; therefore, the need for revision surgery is 
also likely to increase. It is estimated that between 2,900 and 13,000 
patients will require a revision ACL reconstruction each year [3]. 
To date, no standard revision procedure exists for the treatment 
of revision ACL reconstruction, but it is acknowledged that this 
procedure is substantially more challenging than primary surgery.  

 
Management of previously malpositioned or widened tunnels 
often requires advanced approaches for managing bony defects 
[4,5]. Multiple techniques for bone grafting the tunnels in a staged 
ACL revision procedure have been used, including allograft chips, 
struts, or autografts from the iliac crest [6,7]. A recently applied 
technique uses bone dowels, which are individually adjustable 
allografts provided in different lengths and sizes [8]. The primary 
advantage of bone dowels is, that they avoid donor site morbidity. 
Furthermore, they afford sufficient stability for the graft fixation 
at the second-stage revision [8]. Although increasingly used in 
surgical interventions, the effectiveness of these bone dowels on 
patient outcome as well as long-term complications have rarely 
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been investigated. The main objective of this study was to examine 
the effectiveness of the Supercritical CO2 processed allograft 
bone dowels on knee stability and potentially arising long-term 
complications. In this context, patient data before surgery were 
compared to the 3-, 6-, and 9-months post- surgery data. 

Materials and Methods
Patient 

After Ethics Committee approval, a retrospective chart review 
was performed to extract from a clinic database, patients who 
underwent revision ACL reconstruction between 2015 and 2021 
using the allograft bone dowels “Allobone”. Patients were eligible if 
they met the following inclusion criteria: age greater than 18 years, 
with a primary and secondary ACL injury, persistent or recurrent 
instability since reconstruction that limited daily and/or athletic 
activities, physical examination demonstrating instability with 
both positive Lachman and positive pivot shift testing, MRI imaging 
available. Patients were excluded in case of multiple concomitant 
injuries such as meniscal repair or medial and/or lateral ligament 
ruptures. Additionally, patients were not included if there was a 
documented disapproval for data usage. All patient information 
including demographics, medical history, imaging data, physical 
examination results, and functional data (mobility, stability) were 
collected.

Graft Material

The graft material used was the allograft bone dowels 
Allobone (Figure 1), processed by the Supercritical CO2 technology 
(BIOBank, 3, rue Georges Charpak – 77127 LIEUSAINT – France). 
The allografts were prepared from living donor femoral heads 
treated by the supercritical CO2 process (Supercrit®) through 
degreasing steps and a gentle chemical oxidation of the residual 
proteins with preserved bone architecture. The bone dowels were 
provided in different lengths.

Figure 1: Supercrit® processed allograft bone dowels 
“Allobone”.

Surgical Technique 

All the surgical procedures were performed bysenior surgeons. 
For surgery preparation, patients were placed in supine position. 
A thigh tourniquet was applied to minimize blood flow. To 
detect possible concomitant lesions, a routine arthroscopy was 
performed at the beginning. The femoral tunnel or tibial tunnel 
could be addressed first. Fluid loss was less if the femoral tunnel 
was prepared first. According to the position of the pre-operative 
computed tomography scan (CT scan) the femoral tunnel was 
re-drilled with a wire. After placing the wire, it was sequentially 
reamed with a cannulated drill. Initially, a 6mm drill was used 
and continued with a 2mm enlargement until the pre-operative 
diameter measured at the CT scan was reached. The tunnel was 
arthroscopically inspected if all sides were composed of spongiotic 
bone and without sclerosis. Otherwise, the drilling was continued 
with an increase in 2 mm drill size. Subsequently, the length of the 
drilled tunnel was measured arthroscopically. If the length of the 
tunnel outreaches the length of allograft dowel, two dowels were 
inserted in series. Over the drill wire the allograft was inserted 
from the antero-medial portal. The top of the dowel was slightly 
bulleted for better insertion through the portal and into the drilled 
tunnel. A potential intraarticular overlap of the cortex was resected 
with a small chisel to avoid impingement. The same technique was 
used for tibial tunnel filling. (Figures 2 & 3) Preoperative antibiotic 
prophylaxis was given 30 minutes before surgery.

Figure 2: (A, B and C) Anteroposteral/lateral/Transversal 
CT, right knee showing defect within the tibial tunnel.

Figure 3: (D, E and F) Anteroposteral/lateral/Transversal 
CT, right knee showing allograft bone dowel integration to 
host bone on 9-month postoperative CT scan.

Clinical and Radiographic Evaluation

The main outcome included complications resulting from 
the bone dowels at five time-points (pre- operative, operative, 3 
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months post-surgery, 6 months post-surgery and 9 months post-
surgery). The secondary functional outcomes (mobility, stability) 
were evaluated preoperatively, 3 months, 6 months, and 9 months. 
Assessment included Knee flexion and extension, Lachman test and 
Pivot Shift test. 

Statistical Analysis

Statistical analyses of data extracted were carried out in IBM 
SPSS Statistics 26 (SPSS Inc. Chicago, USA). Summary statistics were 
analyzed as means (standard deviations) for continuous variables 
and percentages for categorial variables. Wilcoxon test was used to 
compare the preoperative and follow-up status. Differences with a 
p-value of <0.05 were considered statistically significant. 

Result
Ninety-four patients, 21 females and 73 males, with a mean 

age of 29.4 ± 8.7 years met the criteria and were analyzed. 
Demographic details are provided in (Table 1). Causes for primary 
ACL failure were mainly sport injuries (50% of the cases). Seventy-
eight patients (83%) underwent two-stage revision and the type 
of graft used during the reconstruction was mainly semitendinosus 
tendon (smt) in 45% of the cases. Majority of the patients (92.6%) 
received greater than 2 dowels during their surgery. Baseline 
surgical characteristics are presented in (Table 2). No major 
complications were reported. No signs of dowels degradation were 
observed at the host bone/graft junction on the CT images. Average 
postoperative knee flexion and extension significantly improved 
compared to preoperative (P< 0.0001 and P< 0.021 respectively). 
Lachman test and pivot-shift test were significantly improved when 
compared with preoperative status (p < 0.0001), (Table 3).

Table 1: Demographic characteristics of study patients.

Number of patients 94

Gender (Male/Female) 73/21

Age at surgery (years) (mean ± SD) 29.4 ± 8.7

Smoking status at baseline (%) 
Never

67 (71.3%)

< 1 paquet/day 19 (20.2%)

> 1 paquet/day 8 (8.5%)

Table 2: Baseline surgical characteristics.

N %

Stage of Revision

2 73 83

3 14 15

4 2 2

Type of Graft

allograft peroneal 12 12,9

allograft quadriceps 1 1,1

allograft smt 3 3,2

btb 2 2,2

quadriceps 29 31,2

smt 43 45,1

smt, gracilis 4 4,3

Number of Dowels

1 7 7,4

2 39 41,5

3 40 42,6

4 8 8,5

Table 3: Analysis of the results of the active flexion and extension, 
Lachman test, and pivot-shift before surgery and at 3, 6 and 9 
months after surgery.

Preoperative 3 
months

6 
months

9 
months P Value

Mean 
Flwxion 

(degrees)
120.1± 22.0 133.2± 

7.1
133.3± 

6.1
134.5± 

5.2
P< 

0.0001

Mean 
Extension 
(degrees)

2.1± 4.1 0.7± 1.9 0.6± 2.0 0.5± 1.4 P< 0.021

Positive 
Lachman 
Test (%)

94.1% 1.5% 2.7% 0 P< 
0.0001

Positive 
Pivot-

Shift Test 
(%)

87% 8.7% 4.0% 5.3% P<0.0001

Discussion
Revision ACL reconstruction is a challenging procedure due to 

bone defects caused by material removal, malpositioned primary 
reconstruction tunnels, or tunnel widening. Bone tunnel widening 
estimated to occur in greater than 30% of the ACL reconstruction, 
can result in insufficient stability and fixation during revision 
surgery [5,9].Several techniques for grafting the bone tunnels 
in a staged ACL revision procedure have been used, including 
synthetic bone graft substitute plug, allograft chips, struts, or iliac 
crest autograft bone dowels [6,7].Because of their osteoinductive, 
osteoconductive, and osteogenic properties, autogenous grafts are 
considered the gold standard for tunnel-grafting [10]. Harvesting 
iliac crest autograft, on the other hand, is an invasive procedure 
which may result in donor site morbidity [11]. Allografts have 
been shown to be a reliable alternative to the autogenous graft 
with good clinical and radiographic results [8,12]. However, the 
use of bone allograft may be associated with some risks such as: 
viral transmission of hepatitis or human immunodeficiency virus, 
slower integration rate than autograft, alteration of structural and 
mechanical properties due to sterilization methods. 

The bone allograft dowels used in this study were derived 
entirely from living donors’ femoral heads, which were collected 
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after hip replacement surgery and processed using supercritical 
CO2 extraction technology. Supercritical fluid extraction is widely 
used in the pharmaceutical and food industries for the splitting, 
extraction, and decontamination of organic materials. The 
Supercrit® process combines a degreasing step with supercritical 
CO2 and a gentle chemical oxidation of the bone network’s residual 
proteins. Preclinical studies have shown that this process applied 
to bone has neutral effects on the bone tissue composition, 
preserves its architecture and mechanical properties, particularly 
its high wettability, and thus improves performance [13-16]. This 
study showed favorable healing of the allograft bone dowels on CT 
imaging, with good final outcomes in terms of stability of ACL graft, 
comparable with published literature [8,12]. No dowel degradation 
nor major complications were noted, despite allograft related risks. 

Conclusion
Although further research is necessary, this retrospective 

data analysis showed that reconstruction of ACL lesions using 
the supercritical CO2 processed bone allograft dowels resulted in 
satisfactory graft integration and a good stability of the knee joint 
with no major complications.

References
1. Gianotti SM, Stephen WM, Patria AH, Lorna B (2009) Incidence of 

anterior cruciate ligament injury and other knee ligament injuries: a 
national population-based study. J Sci Med Sport 12(6): 622-627.

2. Wright RW, Robert AM, Warren RD, Kurt PS (2011) Ipsilateral graft 
and contralateral ACL rupture at five years or more following ACL 
reconstruction: a systematic review. The Journal of bone and joint 
surgery. American volume 93(12): 1159-1165.

3. Leroux T, David W, Tim D, Darrell JO, Paul HM, et al. (2014) The 
epidemiology of revision anterior cruciate ligament reconstruction in 
Ontario, Canada. Am J Sports Med 42(11): 2666-2672.

4. Noyes FR, SD Barber-Westin (2001) Revision anterior cruciate surgery 
with use of bone-patellar tendon-bone autogenous grafts. J Bone Joint 
Surg Am 83(8): 1131-1143.

5. Battaglia TC, MD Miller (2005) Management of bony deficiency in 
revision anterior cruciate ligament reconstruction using allograft bone 
dowels: surgical technique. Arthroscopy 21(6): 767.

6. Wilde J, A Bedi, DW Altchek (2014) Revision anterior cruciate ligament 
reconstruction. Sports health 6(6): 504-518.

7. Chahla J, Chase SD, Tyler RC, David C, Luke O, et al. (2016) Two-Stage 
Revision Anterior Cruciate Ligament Reconstruction: Bone Grafting 
Technique Using an Allograft Bone Matrix. Arthroscopy techniques 5(1): 
e189-e195.

8. Theodorides AA, OR Wall (2019) Two-stage revision anterior cruciate 
ligament reconstruction: Our experience using allograft bone dowels. J 
Orthop Surg 27(2): 2309499019857736.

9. Siebold R (2007) Observations on bone tunnel enlargement after 
double-bundle anterior cruciate ligament reconstruction. Arthroscopy 
23(3): 291-298.

10. Salem HS, Axibal DP, Wolcott ML, Armando FV, Eric CM, et al. (2020) Two-
stage revision anterior cruciate ligament reconstruction: A systematic 
review of bone graft options for tunnel augmentation. Am J Sports Med 
48(3): 767-777.

11. Banwart JC, Asher MA, Hassanein RS (1995) Iliac crest bone graft 
harvest donor site morbidity: A statistical evaluation. Spine (Phila Pa 
1976) 20(9): 1055-1060.

12. Werner BC, Gilmore CJ, Hamann JC, Cree MG, John JC, et al. (2016) 
Revision anterior cruciate ligament reconstruction: Results of a single 
stage approach using allograft dowel bone grafting for femoral defects. J 
Am Acad Orthop Surg 24(8): 581-587.

13. Fages J, B Poirier, Y Barbier, P Frayssinet, ML Joffret, et al. (1998) Viral 
inactivation of human bone tissue using supercritical fluid extraction. 
ASAIO J 44(4): 289-293.

14. Fages J, Eliane JB, Patrick F, Didier M, Beatrice P, et al. (1998) Bone 
allografts and supercritical processing: effects on osteointegration and 
viral safety. J Supercrit. Fluids 13(1-3): 351-356.

15. Frayssinet P, Rouquet N, Mathon D, Autefage A, Fages J (1998) Histological 
integration of allogeneic cancellous bone tissue treated by supercritical 
CO2 implanted in sheep bones. Biomaterials 19(24): 2247-2253.

16. Mitton D, Rappeneau J, Bardonnet R (2005) Effect of a supercritical CO2 
based treatment on mechanical properties of human cancellous bone. 
Eur J Orthop Surg Traumatol 15: 264-269.

https://dx.doi.org/10.26717/BJSTR.2022.44.007039
https://biomedres.us/
https://dx.doi.org/10.26717/BJSTR.2022.44.007039
https://pubmed.ncbi.nlm.nih.gov/18835221/
https://pubmed.ncbi.nlm.nih.gov/18835221/
https://pubmed.ncbi.nlm.nih.gov/18835221/
https://pubmed.ncbi.nlm.nih.gov/21776554/
https://pubmed.ncbi.nlm.nih.gov/21776554/
https://pubmed.ncbi.nlm.nih.gov/21776554/
https://pubmed.ncbi.nlm.nih.gov/21776554/
https://pubmed.ncbi.nlm.nih.gov/25214531/
https://pubmed.ncbi.nlm.nih.gov/25214531/
https://pubmed.ncbi.nlm.nih.gov/25214531/
https://pubmed.ncbi.nlm.nih.gov/11507120/
https://pubmed.ncbi.nlm.nih.gov/11507120/
https://pubmed.ncbi.nlm.nih.gov/11507120/
https://pubmed.ncbi.nlm.nih.gov/15944645/
https://pubmed.ncbi.nlm.nih.gov/15944645/
https://pubmed.ncbi.nlm.nih.gov/15944645/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4212350/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4212350/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4886209/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4886209/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4886209/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4886209/
https://pubmed.ncbi.nlm.nih.gov/31232200/
https://pubmed.ncbi.nlm.nih.gov/31232200/
https://pubmed.ncbi.nlm.nih.gov/31232200/
https://www.arthroscopyjournal.org/article/S0749-8063(07)00049-7/pdf
https://www.arthroscopyjournal.org/article/S0749-8063(07)00049-7/pdf
https://www.arthroscopyjournal.org/article/S0749-8063(07)00049-7/pdf
https://pubmed.ncbi.nlm.nih.gov/31116949/
https://pubmed.ncbi.nlm.nih.gov/31116949/
https://pubmed.ncbi.nlm.nih.gov/31116949/
https://pubmed.ncbi.nlm.nih.gov/31116949/
https://pubmed.ncbi.nlm.nih.gov/7631235/
https://pubmed.ncbi.nlm.nih.gov/7631235/
https://pubmed.ncbi.nlm.nih.gov/7631235/
https://pubmed.ncbi.nlm.nih.gov/27355284/
https://pubmed.ncbi.nlm.nih.gov/27355284/
https://pubmed.ncbi.nlm.nih.gov/27355284/
https://pubmed.ncbi.nlm.nih.gov/27355284/
https://pubmed.ncbi.nlm.nih.gov/9682954/
https://pubmed.ncbi.nlm.nih.gov/9682954/
https://pubmed.ncbi.nlm.nih.gov/9682954/
https://www.sciencedirect.com/science/article/abs/pii/S0896844698000710
https://www.sciencedirect.com/science/article/abs/pii/S0896844698000710
https://www.sciencedirect.com/science/article/abs/pii/S0896844698000710
https://pubmed.ncbi.nlm.nih.gov/9884037/
https://pubmed.ncbi.nlm.nih.gov/9884037/
https://pubmed.ncbi.nlm.nih.gov/9884037/
https://link.springer.com/article/10.1007/s00590-005-0250-x
https://link.springer.com/article/10.1007/s00590-005-0250-x
https://link.springer.com/article/10.1007/s00590-005-0250-x

