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The Problem

1 in 2 women and 1 in 5 men over 50 years old sustain osteoporosis-related fracture

• Vertebral compression and hip (femur) fractures are most prevalent

~2% of Americans sustain a long-bone fracture in their lifetime

• Femur (300K hospitalizations/yr) and tibia/fibula (77K hospitalizations/yr) are most prevalent

Treatment Options
• Surgery: internal/external fixation, replacement

Treatment Outcomes
• Disability ~50% of hip fractures

• Death ~25% of hip fracture patients within a year 

post-surgery

• Non-unions ~10% of long-bone fractures

Mission: to develop 

bone-producing materials 

that prevent (1) fracture & 

(2) non-unions  
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Vega Lab Overview
• Over $1.7M in funding from NIH, NSF, and Foundation Grants

• Inventor/co-inventor on 5 patent filings

• Lab has produced 16 publications & 2 additional under peer review

• Lab has presented 46 abstracts at regional and national conferences & 

presented at 18 invited talks

• Mentored/graduated 15 undergraduate students, 4 Master students, 2 Ph.D. 

students
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Bone morphogenetic protein-2 (BMP-2)
FDA-approved protein used for spine fusion and non-

union surgeries.

• Postoperative inflammation

• Ectopic bone formation

• Hyperactive osteoclast-mediated bone resorption

Our Solution

Objective
To deliver therapeutics via an 

injection that locally form bone 

at the injection site.

• Preventative: strengthen bone 

prone to fracture due to 

osteoporosis and/or prevent 

non-unions

• Accelerated healing: Improve 

healing of non-unions

Bone Morphogenetic Protein-2
(osteoinductive protein = causes bone formation)

Non-Smad-

Signaling

Smad-

Signaling

DWIVA peptide

KIPKA peptide

BMP-2 

peptides

are robust, 

specific & can 

reduce off-

target effects of 

BMP-2 proteins



Our Solution: HydroBone

• HydroBone is a self-forming hydrogel injection that locally delivers BMP-2 peptides

• HydroBone can control BMP-2 signal dosing/presentation and thereby reduces off-
target effects of BMP-2 proteins

Self-forming hydrogel injection
Hydrogel functionalization 

with BMP-2 peptides

International 

Publication No. 

WO 2024/020558

Hydrogels induce bone 

formation at injection site (femur)

Gultian+ Macromolecular Bioscience 2023 Gultian+ Macromolecular Bioscience 2023 Gultian+ Frontiers in Biomaterials Science 2022

Love+ Journal of Orthopaedic Research 2024



Market Opportunity

• Preventative (osteoporosis) & interventional (long-bone fracture) 
market: $28+ billion/yr
o Osteoporosis therapeutics market valued at $13.06 billion in 2022 & predicted to 

reach $20.53 billion by 2032, growing at a CAGR of 4.7% (Emergen Research)
o Fracture fixation market was valued at $15 billion in 2022 and is predicted to 

reach $22.51 billion in 2028, growing at a CAGR of 7.0% (Business Research 
Insights)

• Serviceable Available Market: $5.7+ billion/yr
o 1.3 million long bone fractures * $2500 per case = $ 3.25 billion/yr
o 600,000 delayed healing (non-union) fractures * $2500 per case = $ 1.5 billion/yr
o 400,000 arthrodesis (fusion) procedures per year * $2500 per case = $1 billion/yr



Summary

We developed HydroBone, an injectable hydrogel 

that delivers BMP-2 peptides

Three applications:

1. Prevent osteoporosis-related bone fracture 

by injecting HydroBone to areas prone to 

fracture (femur, lumbar vertebra)

2. Prevent non-unions by injecting HydroBone

to long-bone fractures during surgery

3. Improve healing of non-unions of long bone 

fractures

Received pre-seed funding from Foundation Venture 

Capital Group to evaluate the effects of HydroBone in 

bridging a non-healing femur segmental defect

Protocol at a Glance
1. Stabilize femur with external fixator plate (RISystem)
2. Create non-healing defect in the femur (5 mm)
3. Treat defect with one of 5 groups:

• Sham (defect, no intervention)
• Gel (no peptides)
• Gel +KIPKA peptide [at dose shown to maximize 

Smad-dependent signaling in vitro]
• Gel +DWIVA peptide [at dose shown to maximize 

Smad-independent signaling in vitro]
• Gel +rhBMP2 protein

Gel

Measurable Outcomes: goals are to (1) confirm 
signaling pathway in vivo and (2) demonstrate 

endochondral ossification during bone healing.
1. 1-week post-op: targeted BMP-2 mediated signaling [histology]
2. 2-weeks post-op: soft callus formation [histology]
3. 4-weeks post-op: hard callus formation [histology, µCT]
4. 8-weeks post-op: bone remodeling/homeostasis [histology, µCT, 

biomechanical testing]

Experimental Design
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