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ABSTRACT
Objective: To evaluate the radiographic fusion rate and safety of a deproteinized bovine-derived xenograft as an adjunct in spinal 

arthrodesis. Methods: A prospective case series study (n=35) was conducted on adult patients undergoing instrumented spinal fusion. 
Radiographic fusion was assessed at 6 months using the Molinari classification. Descriptive and inferential statistical analyses (Fisher’s 
Exact Test, Mann-Whitney U, Kruskal-Wallis) were performed to investigate associations between demographics, etiology, and the outcomes 
of fusion and complications. Results: The overall fusion rate (Molinari grade I or II) was 88.6% (31/35). There was no statistically significant 
association between etiology, sex, or age and the fusion outcome (p > 0.05). The complication rate was 11.4% (4/35), consisting of superficial 
wound infections. The occurrence of complications was significantly associated with deformity patient group (p < 0.001). Conclusion: The 
deproteinized bovine xenograft proved to be a safe and effective adjunct for spinal arthrodesis, with a high and consistent radiographic 
fusion rate (88.6%) across different pathologies. Complications were associated with the surgical magnitude of the underlying disease 
rather than the graft material itself. Level of Evidence IV; cross-sectional study.

Keywords: Spinal Fusion; Bone Transplantation; Heterografts; Survival Analysis; Postoperative Complications. 

RESUMO
Objetivo: Avaliar a taxa de consolidação radiográfica e a segurança do enxerto ósseo xenógeno de origem bovina desproteinizado 

como adjuvante na artrodese da coluna vertebral. Métodos: Estudo prospectivo de série de casos (n=35) em adultos submetidos à 
artrodese vertebral instrumentada. A consolidação óssea foi avaliada radiograficamente aos 6 meses pela classificação de Molinari. 
Foram realizadas análises descritivas e testes de associação (Teste Exato de Fisher, Mann-Whitney U, Kruskal-Wallis) para investigar a 
relação entre variáveis demográficas, etiológicas e os desfechos de fusão e complicações. Resultados: A taxa de fusão global (graus I 
ou II de Molinari) foi de 88,6% (31/35). Não houve associação estatisticamente significativa entre a etiologia, sexo ou idade e o suces-
so da fusão (p > 0,05). A taxa de complicação foi de 11,4% (4/35), consistindo em infecções superficiais de ferida. A ocorrência de 
complicações esteve significativamente associada ao grupo de pacientes com deformidade (p < 0,001). Conclusão: O enxerto ósseo 
xenógeno bovino demonstrou ser um adjuvante seguro e eficaz, com elevada e consistente taxa de fusão radiográfica (88,6%) entre 
diferentes patologias. As complicações estiveram associadas ao porte cirúrgico da doença de base, e não ao material em si. Nível de 
evidência: IV; estudo transversal.

Descritores: Artrodese vertebral; Enxerto ósseo; Xenoenxerto; Análise de sobrevida; Complicações pós-operatórias. 

RESUMEN
Objetivo: Evaluar la tasa de fusión radiográfica y la seguridad de un xenoinjerto bovino desproteinizado como adyuvante en la ar-

trodesis espinal. Métodos: Se realizó un estudio prospectivo de serie de casos (n=35) en pacientes adultos sometidos a fusión es-
pinal instrumentada. La fusión radiográfica se evaluó a los 6 meses mediante la clasificación de Molinari. Se efectuaron análisis es-
tadísticos descriptivos e inferenciales (prueba exacta de Fisher, U de Mann-Whitney, Kruskal-Wallis) para investigar asociaciones en-
tre los datos demográficos, la etiología y los resultados de fusión y complicaciones. Resultados: La tasa global de fusión (grado I o 
II de Molinari) fue del 88,6% (31/35). No se observó asociación estadísticamente significativa entre la etiología, el sexo o la edad y 
el resultado de la fusión (p > 0,05). La tasa de complicaciones fue del 11,4% (4/35), consistiendo en infecciones superficiales de 
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Source: Own authorship.

Figure 1. Crushed xenograft in a kidney dish. 

Source: Own authorship. 

Figure 2. Mixture of xenograft and autologous graft. 

Source: Patient database from the Spine Surgery Group – Brotherhood of Santa Casa de Misericórdia 
of São Paulo.

Figure 3. Placement of the graft mixture in the lumbar spine after insertion 
of the fusion screws during the intraoperative period.

la herida. La aparición de complicaciones se asoció significativamente con el grupo de pacientes con deformidades (p < 0,001). 
Conclusión: El xenoinjerto bovino desproteinizado demostró ser un adyuvante seguro y eficaz para la artrodesis espinal, con una tasa 
de fusión radiográfica alta y consistente (88,6%) en diversas patologías. Las complicaciones se relacionaron con la magnitud quirúr-
gica de la enfermedad subyacente más que con el material del injerto en sí. Nivel de evidencia III; estudio de corte transversal.                                

Descriptores: Fusión Espinal; Injerto Óseo; Xenoinjerto; Análisis de supervivencia; Complicaciones Posoperatorias.

INTRODUCTION
Spinal fusion is a standard procedure for treating various condi-

tions that cause instability or refractory pain¹. Achieving solid bone 
fusion is crucial for clinical success, being directly influenced by the 
type of bone graft used². 

Bone consolidation in arthrodesis depends on multiple factors, 
including the patient’s systemic conditions (such as smoking, diabe-
tes mellitus, osteoporosis, and malnutrition), as well as local factors 
related to the fusion bed and the type of bone graft employed³. In 
this context, the graft acts as a central biological element, directly 
influencing osteointegration and pseudarthrosis rates.

Iliac crest autograft is the gold standard, but its harvesting is as-
sociated with significant morbidity, including chronic pain, infection, 
hematoma, nerve injury, and increased operative time, along with limited 
availability in certain patient profiles4. Allograft eliminates donor site mor-
bidity but comes with higher costs and lower osteoinductive capacity5.

In light of this, bone substitutes such as xenografts have gained 
interest. Bovine-derived materials, when processed to remove anti-
genic components, offer a biocompatible osteoconductive scaffold5. 
The use of xenografts is well established in other areas, such as 
dentistry, where they have been used for decades with high success 
rates6. Despite this, experience in spinal surgery, with its high biome-
chanical demands, remains limited and requires rigorous validation7. 

Therefore, this study aims to evaluate the radiographic consoli-
dation rate and the safety profile of the deproteinized bovine-derived 
xenograft (Bonefill® Mix, Bionnovation) when used as an adjunct in 
spinal fusion in a tertiary care service.

METHODS

Study Design and Selection of Patients
A prospective and observational case series study was con-

ducted at a single center between September 2021 and September 
2024. Thirty-five consecutive adult patients undergoing instrumented 
spinal fusion were included. All participants provided written infor-
med consent and were followed for a minimum period of six months. 
Patients diagnosed with vertebral infections, such as spondylodisci-
tis or tuberculosis, and those with primary or metastatic tumors in the 
spine were excluded from the study. Exclusion criteria also included 
the need for revision surgery in the same segment during follow-up, 
the use of unconventional instrumentation, such as isolated anterior 
fixations, and the presence of osteogenesis imperfecta or other 
severe bone dysplasias. Patients with inadequate radiographic do-
cumentation, loss of clinical follow-up, or who refused to participate 
in the study were also excluded. Patients were categorized into three 
groups according to the etiology of the condition that led to surgery: 
degenerative (spondylolisthesis, stenosis, discopathies), deformities 
(scoliosis, hyperkyphosis, Scheuermann’s disease), and traumatic 
(unstable vertebral fractures, fracture-dislocations). (Figures 1-3).

Graft Preparation
In all procedures, the bone graft was prepared using 5 to 30 

grams of crushed xenograft, combined with local autologous graft 
obtained during surgical decompression (e.g., laminectomy or 
osteotomies). A small amount of local blood was added to the mix-
ture to enhance the biology of fusion. 

Radiographic Evaluation and Outcomes
The evaluation of the fusion consolidation was performed throu-

gh simple radiographs at the sixth month post-operation. The images 
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Source: Patient database from the Spine Surgery Group – Brotherhood of Santa Casa de Misericórdia 
of São Paulo.

Figure 4. Radiograph of the spine of a patient classified as Molinari I.

were independently analyzed by three spine surgeons who were 
unaware of the patients’ clinical data. For the classification of fusion, 
the criteria of Molinari et al. were used, which stratify the outcome 
as success (grades I and II) (Figure 4) or failure (grades III and IV – 
nonunion). The recording of postoperative complications was carried 
out systematically. The data were collected on the REDCap platform 
and the images analyzed in the Xero Viewer system.

Table 1. Clinical-demographic characteristics of patients undergoing the use 
of a mixture of xenograft and autologous graft after spinal fusion surgery.

Variable Value
Age (years)

Mean ± SD (Range) 34.3 ± 20.6 (11 – 73)

Gender
Female, n (%) 20 (57.1)

Male, n (%) 15 (42.9)

Primary Etiology
Deformity, n (%) 15 (42.8)

Degenerative disease, n (%) 13 (37.1)

Trauma, n (%) 7 (20.0)

Table 2. Analysis of bone consolidation based on Molinari's criteria.

Molinari 
Grade Description Number of 

Patients (n)
Percentage 

(%)

I
Bilateral fusion with 

present trabeculation
17 48.6%

II
Unilateral fusion, with 

difficulty in visualization
14 40%

III
Suspicious radiolucency 
or defect in the fusion 

area
4 11.4%

IV
Graft reabsorption with 
instrumentation fatigue

0 0.0%

Total 35 100%

the studied variables. The observed fusion rates were 100% in the 
degenerative group, 93.3% in the deformities group, and 42.8% 
in the trauma group (p = 1.00). Similarly, there was no significant 
difference between genders (p = 1.00), with consolidation rates of 
100% for females and 73.3% for males. The median age of patients 
who achieved successful fusion was 31 years, compared to 18 years 
in the nonunion group (p = 0.25).

Postoperative Complications
The overall complication rate was 11.4% (4/35), consisting ex-

clusively of superficial infections of the surgical wound. A statisti-
cally significant association was identified between etiology and the 
occurrence of complications (p < 0.001). All four adverse events 
occurred in patients from the deformities group, corresponding to a 
complication rate of 26.7% (4/15) in this subgroup, in contrast to 0% 
in the degenerative and trauma groups.

DISCUSSION
This study demonstrated a radiographic fusion rate of 88.6% 

with the use of bovine xenograft, a robust and clinically relevant 
result. These findings are consistent with the results obtained in 
previous studies that document fusion rates using autologous or 
mixed grafts between 80 and 95%.9-11 Similarly, it demonstrates that 
the performance of the xenograft is comparable to other sources, 
as shown by Chiang et al., who achieved rates of 100% by using 
xenograft.12 Furthermore, Durigan et al., in a series of 12 cases of 
scoliosis in children treated with a combination of bovine xenograft 
and autograft, found fusion rates of 91.7%.13

When analyzing fusion rates by etiology, the lowest rates were 
found in the trauma subgroup (42.8%). Although this finding did 
not present a statistically significant relationship (p = 1.00), it may 
have clinical relevance. This suggests that the adverse conditions 
presented by the patient during a trauma scenario (bone loss, local 
osteonecrosis, systemic condition, or presence of local hematoma) 
affect the osteogenic potential and biological stability, which may 
compromise osteointegration.14,15

In the age analysis, no statistically significant relationships 
(p = 0.25) were found between this variable and the fusion rates. 

Statistical Analysis
The statistical analysis was performed using R software (version 

4.1.2). Categorical variables were presented as frequencies and 
percentages, while continuous variables were described by mean 
and standard deviation (SD) or median and interquartile range 
(IQR), according to the data distribution. The association between 
categorical variables was evaluated with Fisher’s Exact Test, and 
the comparison of age medians between groups was conducted 
using Mann-Whitney U or Kruskal-Wallis tests. The level of statistical 
significance was set at p < 0.05.

Ethical Aspects
This study was conducted in compliance with the principles es-

tablished in Resolution No. 466/2012 of the National Health Council. 
The project received approval from the Research Ethics Committee 
of the Brotherhood of Santa Casa de Misericórdia of São Paulo, 
under opinion number 5.515.147 (CAAE: 57514821.2.0000.5479).

RESULTS

Sample Characteristics
The sample consisted of 35 patients, with 21 (60.0%) being fe-

male. The overall average age was 48.2 ± 19.3 years. The etiological 
distribution included 15 (42.9%) cases of deformity, 13 (37.1%) of 
degenerative disease, and 7 (20.0%) of trauma (Table 1). A statisti-
cally significant difference was observed in the median age among 
the etiological groups (p < 0.001), with 64 years for the degene-
rative group, 36.5 years for the trauma group, and 17 years for the 
deformity group.

Bone Consolidation and Association Analysis
Bone consolidation of the fusion was achieved in 31 of the 35 

patients, resulting in an overall fusion rate of 88.6%. Among the 
successful cases, 17 (48.6%) were classified as grade I and 13 
(37.1%) as grade II, according to Molinari’s criteria. Five patients 
(14.3%) experienced fusion failure (nonunion), being classified as 
grade III.8 (Table 2) 

The analysis of associations did not demonstrate a statistically 
significant relationship between the occurrence of nonunion and 
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Notably, there is a median age of 31 years in the fusion cases com-
pared to a median age of 18 years in the pseudoarthrosis cases. 
This is consistent with previous studies that mention that age alone 
is not an influencing factor in the success of a fusion, but that there 
are other more important factors, such as the mechanical stability 
achieved and the quality of fixation.16,17

Regarding complications in the present study, 4 superficial in-
fectious processes were found in the evaluated patient group. No 
adverse events related to pain processes, rejection, or additional 
morbidity were found. This is within the expected ranges documen-
ted in the literature, where Campbell et al. and Lee et al. document 
complication rates between 5-10% in infectious processes.18,19 
This allows us to assert that the use of xenografts as adjuncts is 
quite safe in spinal surgery and that their use does not imply an 
increase in postoperative complications. 

Another important factor is that, when performing the differential 
analysis, a strong association was found between complications 
and the group of patients with deformity (p < 0.001), with all four 
infections occurring in this subgroup. Upon reviewing the literature, 
it was found that Charosky et al. reported that complication rates 
in such cases can reach up to 39%.20 Akintürk et al. conducted a 
study with over 25,000 patients, finding complication rates of up to 
34.5%, with 3.6% in infections.21 This suggests that the complica-
tions presented in these patients may not be directly related to the 
use of the graft, but to the complexity of the procedure performed.

Rejection by the host, disease transmission, or loss of osteoin-
ductive properties are negative factors to be considered when using 

xenografts. However, in this study, a quite satisfactory fusion rate is 
observed, and no type of graft rejection or signs suggesting disease 
transmission have been found so far. This is consistent with the 
findings of Kubosch et al., who conducted a study comparing au-
tologous grafts with xenografts, showing that there were no organic 
or protein residues in the material with good permeability to cells, 
which demonstrated a good in vivo capacity for bone formation with 
good biocompatibility (low risk of host response).22

This study also presents some limitations. First, there is no 
control group to monitor the results, in addition to a short follow-
-up (6 months). On the other hand, as identified by Buser et al., 
randomized studies with larger samples are needed to make better 
decisions.23 Finally, it is necessary to conduct a subgroup analysis 
to try to differentiate the behavior of the intervention according to 
each specific case.

CONCLUSION
The deproteinized bovine-derived xenograft demonstrated to be a 

safe and effective biomaterial with a high and consistent radiographic 
fusion rate (88.6%) across different pathologies. Our series suggests 
that the complications were associated with the inherent risks of the 
procedures, and not associated with the biomaterial used.

ACKNOWLEDGMENTS
To the company Bionnovation for the donation of Bonefill® Mix 

at no cost to the institution.

REFERENCES
1.	 Moe JH, Bradford DS. Moe’s Textbook of Scoliosis and Other Spinal Deformities. 3ª ed. 

Philadelphia: Saunders; 1995.
2.	 Campana V, Milano G, Pagan E, Barba M, Cicione C, Salonna G, et al. Bone substitutes 

in orthopaedic surgery: from basic science to clinical practice. J Mater Sci Mater Med. 
2014;25(10):2445-61. doi: 10.1007/s10856-014-5240-2.

3.	 Bruder SP, Fink DJ, Caplan AI. Mesenchymal stem cells in bone development, bone re-
pair, and skeletal regeneration therapy. J Cell Biochem. 1994;56(3):283-94. doi: 10.1002/
jcb.240560303.

4.	 Tuchman A, Brodke DS, Youssef JA, Meisel HJ, Dettori JR, FIS Peer Review Group. Autograft 
versus allograft for cervical spinal fusion: a systematic review. Global Spine J. 2017;7(1):59-
70. doi: 10.1055/s-0036-1580610.

5.	 Sun X, Liu C, Shi Y, Li C, Sun L, Hou L, et al. The assessment of xenogeneic bone immu-
notoxicity and risk management study. Biomed Eng Online. 2019;18(1):108. doi: 10.1186/
s12938-019-0729-z.

6.	 Buser D, Chappuis V, Kuchler U, Bornstein MM, Wittneben JG, Buser R, et al. Long-term sta-
bility of contour augmentation with guided bone regeneration: 10-year results of a prospec-
tive study with mineralized bovine bone substitute. J Periodontol. 2016;87(11):1286-93.

7.	 Prost M, Windolf J, Konieczny MR. Bovine-derived xenograft is a viable bone graft substi-
tute in multilevel, instrumented, spinal fusion. Orthop Rev (Pavia). 2022;14(3):37576. doi: 
10.52965/001c.37576. 

8.	 Molinari RW, Bridwell KH, Klepps SJ, Baldus C. Minimum 5-year follow-up of anteri-
or column structural allografts in the thoracic and lumbar spine. Spine (Phila Pa 1976). 
1999;24(10):967-72. doi: 10.1097/00007632-199905150-00007.

9.	 Boden SD. Biology of lumbar spine fusion and use of bone graft substitutes: present, future, 
and next generation. Spine. 2000;6(4):383-99. doi: 10.1089/10763270041809.

10.	Khan SN, Cammisa Jr FP, Sandhu HS, Diwan AD, Girardi FP, Lane JM. The biology of bone 
grafting. J Am Acad Orthop Surg. 2005;13(1):77-86.

11.	Arrington ED, Smith WJ, Chambers HG, Bucknell AL, Davino NA. Complications of iliac crest 
bone graft harvesting. Clin Orthop Relat Res. 1996;(329):300-9. doi: 10.1097/00003086-
199608000-00037.

12.	Chiang CJ, Kuo YJ, Chiang YF, Rau G, Tsuang YH. Anterior cervical fusion using a 
polyetheretherketone cage containing a bovine xenograftp: three to five-year follow-
up. Spine (Phila Pa 1976). 2008 Nov 1

13.	Durigan JR, Trincado RM, Monteiro FNS, Garcia JTFC, Alexandre M, de Mendonça RGM, 
et al. Radiographic evaluation of the use of xenogeneic graft in the treatment of scoliosis. 
Coluna/Columna. 2024;23(3):e284478. doi: 10.1590/s1808-185120242303284478. 

14.	Schneider PS, Sandman E, Martineau PA. Osteoimmunology: Effects of Standard 
Orthopaedic Interventions on Inflammatory Response and Early Fracture Healing. J 
Am Acad Orthop Surg. 2018 May 15 

15.	Balogh ZJ, Reumann MK, Gruen RL, Mayer-Kuckuk P, Schuetz MA, Harris IA, Gabbe 
BJ, Bhandari M. Advances and future directions for management of trauma patients 
with musculoskeletal injuries. Lancet. 2012 Sep 22 

16.	Verla T, Adogwa O, Toche U, Farber H, Petraglia F, Murphy KR, et al. Impact of increasing 
age on outcomes of spinal fusion in adult scoliosis. World Neurosurg. 2015;87:591-7. 
doi: 10.1016/j.wneu.2015.10.061.

17.	Andersen T, Christensen FB, Niedermann B, Helmig P, Høy K, Hansen ES, Bünger 
C. Impact of instrumentation in lumbar spinal fusion in elderly patients: 71 patients 
followed for 2-7 years. Acta Orthop. 2009 Aug

18.	Campbell PG, Yadla S, Malone J, Maltenfort MG, Harrop JS, Sharan AD, Ratliff JK. Complica-
tions related to instrumentation in spine surgery: a prospective analysis. Neurosurg Focus. 
2011;31(4):E10. doi: 10.3171/2011.7.FOCUS1134.

19.	 Lee NJ, Lenke LG, Cerpa M, Lombardi J, Ha A, Park P, et al. The 90-Day Reoperations and 
Readmissions in Complex Adult Spinal Deformity Surgery. Global Spine J. 2022;12(3):415-
22. doi: 10.1177/2192568220953391. 

20.	Charosky S, Guigui P, Blamoutier A, Roussouly P, Chopin D, Study Group on Scoliosis. 
Complications and risk factors of primary adult scoliosis surgery: A multicenter study of 306 
patients. Spine (Phila Pa 1976) 2012;37:693-700. doi: 10.1097/BRS.0b013e31822ff5c1.

21.	Akıntürk N, Zileli M, Yaman O. Complications of adult spinal deformity surgery: A literature 
review. J Craniovertebr Junction Spine. 2022;13(1):17-26. doi: 10.4103/jcvjs.jcvjs_159_21. 

22.	 Kubosch EJ, Bernstein A, Wolf L, Fretwurst T, Nelson K, Schmal H. Clinical trial and in-vitro 
study comparing the efficacy of treating bony lesions with allografts versus synthetic or 
highly-processed xenogeneic bone grafts. BMC Musculoskelet Disord. 2016;17:77. doi: 
10.1186/s12891-016-0930-1.

23.	Buser Z, Brodke DS, Youssef JA, Meisel HJ, Myhre SL, Hashimoto R, et al. Synthetic bone 
graft versus autograft or allograft for spinal fusion: a systematic review. J Neurosurg Spine. 
2016;25(4):509-516. doi: 10.3171/2016.1.SPINE151005. 


	_heading=h.g7jdl3h11k2b
	_heading=h.b6w0u82jqrmr
	_heading=h.v60hzbb86lji
	_heading=h.x66jaxt8uzns

