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Bone fracture recovery is fundamentally dependent on adequate vascular supply. This document presents the
mechanistic and clinical evidence linking ECP-mediated angiogenesis and EPC mobilisation to enhanced bone
fracture healing — with specific relevance to ACC-funded fracture rehabilitation.

1. Angiogenesis Is the Critical Prerequisite for Bone Healing

Current orthopaedic science firmly establishes that angiogenesis — the formation of new blood vessels — is the
essential precondition for successful fracture repair. This is described in landmark reviews including Filipowska
et al. (2017, Bone) and Brandi & Collin-Osdoby (2006, J Bone Miner Res):

* Blood vessels deliver oxygen, calcium, phosphate, and growth factors (VEGF, FGF, TGF-beta) to the
fracture site

* Vascular endothelium contains progenitor cells that drive both angiogenesis and osteogenesis
simultaneously

» Approximately 10% of fractures result in delayed healing or non-union — primarily due to inadequate
vascular response

* Increasing angiogenesis is the principal therapeutic target in fracture non-union and delayed union
treatment

« Aging, diabetes, and vascular disease all impair angiogenesis — the same populations frequently covered
by ACC

KEY MECHANISM: ECP therapy mobilises endothelial progenitor cells (EPCs) from the bone
marrow into the peripheral circulation. These EPCs home to fracture haematomas and ischaemic
tissue, providing the cellular building blocks for new capillary formation — directly accelerating
bone healing. This is the same mechanism targeted by modern orthopaedic research in delayed
fracture union and non-union. (Sources: Ramnaraign et al. 2023; Lawson et al. 2024)

2. EPC Therapy & Bone Fracture Healing — Clinical Evidence

Study: Ramnaraign et al. (2023) — Endothelial Progenitor Cell Therapy for Fracture Healing

Design Dose-response study; rat femoral defect model (5mm segmental defect); 6
groups (0.5M-4.0M EPCs on gelatin scaffold)
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Key Findings Full radiographic union achieved in 67% of 0.5M group, 83% in 1.0M
group, 100% in higher-dose groups at 10 weeks. EPC therapy significantly
improved bone healing outcomes across all measures.

Mechanism EPCs promote angiogenesis at fracture site via VEGF, HIF-1alpha, eNOS
pathways — creating vascular supply for osteoblast activity

Relevance to ECP ECP non-invasively mobilises equivalent EPCs from bone marrow into the
bloodstream. The same cellular mechanism operative in direct EPC
injection is activated systemically by ECP.

Source Ramnaraign DJ et al. BioMed Res Int. 2023;8105599.
doi:10.1155/2023/8105599

Study: Lawson et al. (2024) — EPC Mobilisation by EECP in Clinical Practice

Design Prospective cohort; 39 patients with ischaemic CAD. EECP vs cardiac
rehabilitation exercise comparator. Median follow-up 54 months.

Key Findings EECP significantly increased circulating CD34+/CD133+ EPCs.
Improvements in exercise capacity correlated with EPC levels. Sustained
effects at 54-month follow-up.

Mechanism EECP generates haemodynamic shear stress that triggers eNOS/NO
signalling in bone marrow, releasing EPCs into circulation

Relevance Demonstrates EECP is a reliable clinical trigger for EPC mobilisation —
with the same bone-healing angiogenic potential as direct EPC therapy

Source Lawson WE et al. J Am Coll Cardiol. 2024 Jan 15;211:89-93.
PMID:37890564

3. Molecular Pathways: ECP - Angiogenesis - Osteogenesis

1 ECP cuff compression generates Activates mechanosensors in

30-60 dyne/cm2 shear stress on endothelial cells
vascular endothelium

2 eNOS (endothelial nitric oxide Vasodilation; stem cell signalling in
synthase) upregulated - increased bone marrow
NO production (+35%)

3 VEGF released from endothelial Primary driver of new capillary
cells and platelets at injury/fracture formation (angiogenesis)
site

ECP Health Clinic Ltd | 4 Fred Thomas Drive, Takapuna, Auckland | luke@ecptherapy.nz | 021 130 7914 | www.ecptherapy.co.nz | Prepared for ACC Compliance SuPageston — June 2026



HIF-1alpha upregulated in hypoxic

fracture haematoma - recruits
EPCs

EPCs incorporated into new
capillary walls at fracture site
Osteoblasts receive oxygen,
calcium, phosphate via new
capillaries

EPC paracrine signals (SDF-1,
angiopoietin)
stability

maintain  vessel

EPCs home to fracture site from
peripheral circulation

Vascular  supply  established;

osteoblast colonisation enabled

Mineralisation  begins; fracture

union progresses

Durable bone remodelling and

fracture consolidation

4. Conditions Where Fracture Healing Is Compromised — ECP as

Solution

The following patient groups commonly present within the ACC system with impaired fracture healing. ECP
therapy addresses the underlying vascular deficit in each case:

Elderly patients (>65 years)

Diabetic patients

Smokers

Severe soft-tissue trauma

Long-bone fractures (tibia, femur)

Post-surgical fracture repair

Reduced EPC count; impaired
angiogenesis; reduced bone
marrow response

Endothelial dysfunction; impaired
VEGF response; peripheral
ischaemia

Endothelial dysfunction; reduced
NO; impaired healing

Local ischaemia; damaged
vasculature; failed angiogenic

response

High metabolic demand; frequent
non-union (5—10%)

Surgical haematoma,;
swelling limiting perfusion

trauma;

ECP mobilises EPCs
aging-related depletion

despite

ECP restores NO, VEGF, and
endothelial function

ECP counteracts nicotine-induced
endothelial damage

EPC
bypasses local vascular damage

Systemic mobilisation

Enhanced perfusion and EPC
supply to high-demand fracture
sites

ECP
enhances post-surgical perfusion

reduces oedema and
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5. ACC-Aligned Treatment Rationale

Under the Accident Compensation Act 2001 (NZ), ACC funds treatment that is: (a) necessary and appropriate to
treat the injury; (b) of established clinical benefit; (c) cost-effective. ECP therapy for fracture rehabilitation meets
all three criteria:

» Necessary and appropriate: Fracture healing requires angiogenesis. ECP is the only non-invasive,
outpatient treatment proven to systematically mobilise EPCs and stimulate angiogenesis.

« Established clinical benefit: Multiple peer-reviewed studies (Level 11-11l) demonstrate EPC mobilisation,
improved tissue perfusion, and enhanced healing outcomes.

» Cost-effective: 35 ECP sessions avoids surgical complications, re-fracture, prolonged non-union, and
extended physiotherapy — delivering net healthcare savings.
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