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Abstract

Study Design: Classification development.

Objectives: The aim of our study was to develop a 3-tier classification for the levels of evidence for osteobiologics and provide a
description of the principles by which osteobiologics can be evaluated. BOnE (Bone Osteobiologics and Evidence) classification
evaluates each osteobiologic based on the available evidence, and if the published evidence is based on clinical, in vivo or in vitro studies.

Methods: The process of establishing the BOnE classification included 5 face-to-face meetings and 2 web calls among members of
the AOSpine Knowledge Forum Degenerative.

Results: The 3 levels of evidence were determined based on the type of data on osteobiologics: level A for human studies, level
B for animal studies, and level C for in vitro studies, with level A being the highest level of evidence. Each level was organized into
4 subgroups (eg, A1, A2, A3, and A4).

Conclusions: The use and the variety of osteobiologics for spine fusion has dramatically increased over the past few decades;
however, literature on their effectiveness is inconclusive. Several prior systematic reviews developed by AOSpine Knowledge
Forum Degenerative reported low level of evidence primarily due to the high risk of bias, small sample size, lack of control groups,
and limited patient-reported outcomes. BOnE classification will provide a universal platform for research studies and journal
publications to classify a new or an existing product and will allow for creating decision-making algorithms for surgical planning.
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Introduction

The use of osteobiologics for spine fusion has increased sig-

nificantly over the years with the expansion of available graft

materials as well as the incidence of patients with spine pathol-

ogies.1-4 The ideal bone graft has osteoconductive, osteoinduc-

tive, and osteogenic properties. Osteoconductive property of

bone graft refers to the 3-dimensional matrix that forms a scaf-

fold for the eventual formation of bone. This osteoinductive

matrix provides a porous environment for ingrowth of blood

vessels and a surface friendly for cell growth and differentia-

tion into bone lineage. Osteoinductive property refers to growth

factors within the graft that recruit cells into the matrix and

drive cell differentiation into bone forming lineage. Osteogenic

property refers to the presence of cells that are crucial steps of

bone formation and remodeling such as mature osteoblast and

stem cells. Osteobiologics can have varying degrees of auto-

graft, allograft, or synthetic components. Non-autograft osteo-

biologics can be further divided into bone graft extenders
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(reducing the amount of autologous bone needed while achiev-

ing similar fusion rates), enhancers (combined with autologous

bone to enhance the fusion), and substitutes (have same effi-

cacy or better than autograft). The spine biologics domain

expanded from being primarily iliac bone autograft to deminer-

alized bone materials (DBMs), bone morphogenetic protein-2

(BMP-2), synthetics, and bone marrow aspirates. Although

those materials have been used in the past 2 decades, the liter-

ature on their effectiveness is inconclusive. Several systematic

reviews developed by AOSpine Knowledge Forum Degenera-

tive reported low level of evidence primarily due to the high

risk of bias, small sample size, lack of control groups, and

limited patient-reported outcomes.5-8 In addition, the majority

of studies are often rated level III evidence or below. Further-

more, the vast majority of the currently available osteobiolo-

gics products, have little or, in some cases, no clinical evidence

for efficacy. The choice of the osteobiologic product can

greatly affect the cost and outcome of surgery. Given the very

limited evidence of most osteobiologics, it is hard to predict

effectiveness of the osteobiologics and how it affects patient

outcomes.

A systematic method of judging the effectiveness of osteo-

biologics does not exist. Currently, the level of evidence that

supports the use of different osteobiologics varies greatly. In

fact, many products that are marketed are only supported by

minimal evidence. Some materials without any osteoinductive

properties are tested as bone void filler and brought to market

with that minimal level of data. Other materials such as DBM

may have actual osteoinductive molecules, but DBMs vary in

osteoinductive activity between brands and from lot to lot

within brands. Other materials may have cellular components

and may even be marketed as products containing “stem cells”;

however, the scientific data that the “stem cells” actually have

any effect on fusion is limited to a few peer-reviewed studies

with small sample sizes and often without a comparator.9-14 In

evaluating the strength of evidence that an osteobiologic has

any of the 3 main characteristics, in particular, osteogenic and

osteoinductive activity, it is important to have a hierarchy of in

vivo over in vitro data. Within in vivo animal models, there is a

hierarchy of spine fusion models determined by the species and

the time to fusion.15,16 An example is BMP-2 and the concen-

tration required to achieve fusion in different species along

with the length of time. In general, the larger the animal the

higher is the required concentration of BMP-2. However, this is

not always true as the sheep interbody fusion model results in a

very high fusion rate even when osteobiologics with relatively

little osteoinductivity are used.

We believe that there is a need for a systematic method of

rating the evidence to support the effectiveness of an osteobio-

logic. This would be a tremendous aid for stakeholders such as

surgeons, patients, insurance companies, hospitals, and govern-

mental agencies to quickly evaluate osteobiologics. The pur-

pose of this article is to introduce a classification for the levels

of evidence for osteobiologics and to provide a description of

the principles by which osteobiologics can be evaluated.

Development Process

During the course of conducting systematic reviews on osteo-

biologics, AOSpine Knowledge Forum Degenerative was try-

ing to synthesize conclusions based on the available

evidence. Clinicians and researchers in our team were not

able to provide any recommendation based on the results of

various systematic reviews due to the lack of evidence and

high risk of bias.

We decided to generate a universal classification for all

osteobiologics by applying general concepts used to classify

clinical publications based on the level of evidence. We

believe that Bone Osteobiologics and Evidence (BOnE)

classification will enhance preoperative treatment planning,

will provide sound basis for research studies and outcomes

evaluation, and simplify physicians’ and hospitals’ decision

making. In addition, this classification could be used by

industry when designing the next generation of their graft

material.

The process of establishing the BOnE classification

included 5 face-to-face meetings and 2 web calls among mem-

bers of the AOSpine Knowledge Forum Degenerative. Initial

draft of the BOnE classification was based on a notion that it

should be possible to divide osteobiologics into a few cate-

gories that are easily recognizable by clinicians, researchers,

patients, and industry. The 3 levels of evidence were deter-

mined based on the type of data on osteobiologics. Initial clas-

sification included level A for human studies, level B for

animal studies, and level C for in vitro studies, with level A

being the highest level of evidence. Each level was organized

into 3 subgroups (eg, A1, A2, and A3). During the initial testing

of the BOnE classification, it was realized that each category

required a level 4 subgroup for evidence of very low quality.

Once the BOnE classification was revised, AOSpine Knowl-

edge Forum Degenerative members had a final round of dis-

cussions where consensus was reached and the BOnE

classification was formed as shown in Figure 1.

The grading principle is very straightforward: evaluation of

each osteobiologic would start with the highest level of evi-

dence and it would be downgraded based on the available

evidence primarily focusing on peer review publications.

White papers would not be considered. If an osteobiologic has

both human and animal level 1 evidence, the osteobiologic

would be classified as A1, which is the highest level of

evidence.

To demonstrate the impact of BOnE classification, prelim-

inary grading was done for several common and heavily used

biologics, including rh-BMP2, Grafton DBM, Osteofil DBM,

and OsteoCel. Based on a preliminary analysis, the findings are

presented in Table 1. During the preliminary grading each

biologic was initially given the highest grade (A1) as described

above and was then downgraded, if applicable, based on the

available evidence. For example, for OsteoCel biologic final

grade was A4 due to the presence of uncontrolled case series

(4 studies) or lesser quality retrospective cohort studies

(1 study). Our follow-up studies will systematically examine
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each biologic by analysis of available evidence and will grade

each biologic using BOnE classification. In addition, our follow-

up studies will consider both approved and off-label uses for

each biologic when applicable and incorporate into grading.

Next Steps, Challenges, and Conclusions

Methodological pathway for classification development was

proposed by Audige et al and has been adopted by several

AO Foundation classifications.17 The original pathway

suggests 3 main phases: (1) development phase, (2) reliability

testing, and (3) association with patient-reported outcomes.

A modified version of methodological pathway was used dur-

ing the development and will be used for validation of BOnE

classification, including (1) development phase, (2) validity

and reliability, and (3) universal application (Figure 2).

Next steps will focus on establishing the classification’s

content validity and reliability. The AOSpine Knowledge

Forum Degenerative will organize a Delphi process including

various stakeholders such as clinicians and researchers to test

the validity of BOnE classification. Inter- and intraobserver

within AOSpine Knowledge Forum Degenerative grading

will be done for each current osteobiologics to test the relia-

bility of BOnE classification. Key leaders in the spine fusion

field will be invited to conduct rating of most common osteo-

biologics, and their scores will be used to generate the inter-

observer rating.

With the growing number of biologics as well as published

studies, BOnE classification will have to be tested and updated

for each specific biologic on a frequent basis. This can pose a

challenge regarding its validity. Our team plans to develop an

AOSpine platform that would have a constant feed from peer-

review publications into the grading system.

In summary, BOnE classification will provide a universal

platform for research studies and journal publications to clas-

sify a new or an existing product, will allow for creating

decision-making algorithms for surgical planning, and help the

spine community as a whole to understand pros and cons of

each osteobiologic.
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BOnE Classification

Type Level Description

A (Human
Studies)

1 Prospective, randomized, controlled trial with
statistical significance or narrow confidence
intervals, performed for the indication

2 Prospective cohort study or lesser-quality
randomized study*

3 Retrospective cohort studies or lesser-quality
prospective cohort studies*

4 Uncontrolled case series or lesser-quality
retrospective cohort studies*

*Lesser-quality studies: Low numbers, poor follow up, different indication, poor
analysis, bias

B (Animal
Studies)

1 Non-human primates properly controlled (exclude
baboon)

2 Stringent Animal Models: Pig or non-mongrel dogs
or rabbit (inter-transvers process) with presence
of a control group, appropriately powered, have
statistical significance, and follow a widely
accepted methodology for that animal model*

3 Less Stringent Animal Models: Sheep, Baboon,
Rats, Mice (inter-transverse vs laminar) with
presence of a control group, appropriately
powered, have statistical significance, and follow
a widely accepted methodology for that animal
model*

4 Least Stringent Animal Models: Large and Small
Segmental Defect Models, Cancellous or
Membranous Bone Defect Models, Muscle
pouch assays*

*In the absence of these criteria studies will be dropped by a grade until they satisfy
the criteria

C (In Vitro
Studies)

1 Organ cultures with de novo bone formation
2 Quantitative assays showing presence of significant

bone forming molecules
3 Osteoblast differentiation markers (Alkaline

phosphatase, gene profile (osteocalcin,
osteopontin), or protein analysis)

4 Non-quantitative assays (histology only), small
effect size, weak statistical power

Figure 1. BOnE classification.

Classification 

proposal

Pilot agreement 

studies within 

Degen KF

Delphi study

Hospitals, 

clinicians, 

researchers, 

industry

Phase 1
Development  process

Phase 2
Validity and reliability

Phase 3
Universal application

Figure 2. Modified methodological pathway for establishing a
classification.17

Table 1. Examples of BOnE Classification Grading.

Osteobiologic BOnE Classification Grade

rhBMP-2 A1
Grafton DBM A2
Osteofil DBM A4
OsteoCel cellular graft A4

Abbreviation: BOnE, Bone Osteobiologics and Evidence.
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