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Bone Breaks Hurt! 



Opioids are the Standard of Care to 
Treat Post-Operative Fracture Pain

❑   Opioid prescription rates after acute fracture (2017): 56% of Medicaid and 44% of privately insured
❑   Femur fracture prescription patterns: 47 x 10mg oxycodone, 3 refills1

❑   Acetabular fractures: average of 200 x 5mg oxycodone over 1 year2

❑   Kids under 4: average of 28 pills (at scaled mg/kg)3

1Attum et al, JOT 2017.  2Lee et al, Plast Reconstr Surg Glob Open 2023. 3Iobst et al, J Clin Orthop Trauma 2020 . 



High Incidence of Chronic Pain Following Fracture

Incidence of chronic 
post-fracture pain

Type of fracture Author

78% Lower extremity fracture Griffioen et al.[91] 

55% Tibial fracture with surgery Khan et al.[143] 

45% Lower extremity fracture Wyngaarden et al.[251] 

60% Distal radius fracture with surgery Yoon et al.[276]

20% Distal radius fracture MacDermid et al.[161] 

64% Rib fracture Fabricant et al.[68]

19% Wrist or ankle fracture with surgery Friesgaard et al.[74]

51%
Fragility fracture (vertebrae, hip, shoulder, wrist, other) Gheorghita et al.[82] 

52% Fragility fracture (vertebrae, hip, wrist, other) Sale et al.[221] 

90% Vertebral body fragility fracture Suzuki et al.[236] 

13% Hip fracture with surgery Dasch et al.[52] 

Chronic Pain: Pain persisting beyond 3 months
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Innervation is an Important Part of the Healing Process

Zhu et al. J Clin Invest. 2019



Nerve Growth Factor (NGF) Promotes Fracture Repair
 

 
Figure 2. Local β-NGF injections during hypertrophic 
cartilage phase promotes osteogenic marker 
expression. (a) Timeline schematics of fracture and three 
daily injections 0.5 μg β-NGF vs control (media injected) 
starting at 4 days post-fracture. (b) Expression levels of 
selected osteogenic and angiogenic markers from whole-
callus tissue harvested 24 hours after final injection. (c) 
Timeline of fracture and three daily injections 0.5 μg β-NGF 
vs control) starting at 7 days post-fracture. (d) Expression 
levels of osteogenic and angiogenic markers from whole-
callus tissue harvested 24 hours after final injection. All 
expression levels are relative to Gapdh; calculated by 2-
ΔCT. Error bars represent SEM. * = p < 0.05, ** = p < 0.01; 
determined by 2-tailed t test. 
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Figure 5. Local injections of β-NGF results in less cartilage and more bone. 
Representative images of HBQ stained section of fracture callus from (a) control group and (b) 
β-NGF group. Scale bar: 500 μm. Quantification of cartilage volume in both treatment groups, 
shown as (c) absolute volume and as (d) percent composition of the total callus volume. 
Quantification of bone volume in both treatment groups shown as (e) absolute volume and (f) 
percent composition. Quantification of (g) whole-callus volume and (h) bone marrow. All 
measured by stereology. Error bars represent SEM. * = p < 0.05; ** = p < 0.01 determined by 2-
tailed t test. 

Rivera et al.  Nature Sci Reports 2020



NGF Upregulated Endochondral Ossification and 
Down Regulated Apoptosis

B C

Axin2-eGFPHBQ

A

Rivera et al.  
Nature Sci 
Reports 2020



Research Goal: Correlate Retrograde Pain Signaling After 
Fracture to Behavioral Deficits in Mice  



Shortcomings of Standard Pain Testing Methods Post Fracture

Hindpaw reflexive avoidance assays 

Gait Analyses

BlackBox Imaging Technology

Zhang and Roberson, et al, 2022



Behavioral Phenotyping Using the BlackBox
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Post Fracture Day

PFD 5

PFD 10

PFD 19

Click on videos to view



Automated tracking of mouse behavior using 
machine learning tools (DeepLabCut) 

Click on video to view



Functional Recovery Following Tibia Fracture in Mice



Graph Theory to Generate Unified Metric 
of Fracture Recovery

§ - unstable fracture and respective naive control; ‡ - stable fracture 

and respective naive control; * - unstable and stable fracture. 



Identifying Retrograde Signaling Patterns

AAV: Adeno-associated virus PHP.S (AAV.PHP.S) carrying tdTomato reporter gene
Lasts Weeks to Months

Labels C fibers, Aδ fibers
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Nerve Injury in DRG Persists Longer than Functional Deficit 

ATF = Activating Transcription Factor 3
Marker of Nerve Injury



Identifying Neural Biomarkers of Pain Following FX



Conclusions
❑  Bone breaks hurt
❑  Nerves are important in fracture healing
❑  Standard methods for measuring pain in  
      rodents translated poorly to fracture healing
❑  New method for behavioral phenotyping 

Future Directions
❑ Chronification of pain in delayed healing
❑  Efficacy testing on novel therapeutics
❑  Testing non-opioid alternatives 
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Minimal sex specific differences after normalizing to baseline
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