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Nonunion fractures are a persistent challenge in orthopaedic 
clinical practice. In the United States, the average total cost 
of care for treating a non-united tibial shaft fracture has been 
estimated at $53,506 per patient, with costs exceeding hundreds 
of thousands of dollars in complex cases.1 When a nonunion 
occurs, patients experience prolonged disability and higher 
rates of depression, opioid use, and narcotic dependency.1–3 The 
individual economic burdens resulting from nonunion disability 
can also be profound. Only 59% of lower-extremity nonunion 
patients return to work within one year.4 Indirect costs, mainly 
due to lost productive work time, have been estimated up to 7-9 
times the direct healthcare costs.1,5 

The f inancial burden of nonunion on healthcare systems 
is staggering. For tibial shaft f ractures, the consensus 
nonunion rate is at least 12%, based on data from US, UK, and 
European Level I trauma centers and US managed care claims 
databases.1,2,6–11 In the US alone, multiplying this nonunion rate by 
the 53,000 tibial nails implanted each year12 and the average per-
patient treatment cost produces an estimate of the cumulative 
nonunion burden:

check	� The estimated total cost of tibial nonunions requiring 

revision surgeries across the US healthcare system is 

$340M per year.

INTRODUCTION
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Considering the individual and economic impacts of failed bone 
healing, the key question is whether some nonunions may be 
preventable. To answer this question, the diamond concept 
of fracture healing13,14 (Figure 1) describes a framework for the 
interplay between four key ingredients for successful union:

1.	� Biological environment (availability of osteoinductive 
mediators, osteogenic cells, and an osteoconductive matrix), 

2.	 Bone vascularity, 

3.	 Physiological state of the patient (comorbidities), and

4.	 Mechanical environment at the location of the fracture. 

If one or more of these key requirements are compromised, the 
patient is at risk of developing a nonunion. For most patients, 
the first three poles of the diamond – biology, vascularity, and 
physiological state – are often non-modifiable factors. Only the 
fourth pole of the diamond – the mechanics of fracture fixation 
– is clearly within the surgeon’s control. 

Moving the needle on nonunions will require a new approach to 
optimizing the fixation mechanics, setting aside the question, “Is 
the fracture stable enough?” in favor of, “Are the mechanical 
conditions ideal for stimulating the biological healing 
response?” 

With this perspective in mind, OrthoXel has developed innovative 
tibial and femoral intramedullary nailing systems that optimize 
the mechanical environment for fracture healing through 
controlled micromotion. 
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Chief Scientific Officer

Figure 1: The diamond 
concept recognizes that 
successful fracture healing 
requires a biological and 
mechanical environment 
conducive to healing. 
When conditions are ideal, 
osteogenic cells proliferate 
in an osteoconductive 
matrix. Both osteoinductive 
mediators and the mechanical 
environment can stimulate 
the healing response, while 
patient comorbidities and poor 
vascularity can disrupt it.



REFERENCES
1. 	 Antonova E, Le TK, Burge R, Mershon J. Tibia 

shaft fractures: costly burden of nonunions. BMC 
Musculoskelet Disord. 2013;14(1):1. PMID: 23351958.

2. 	 Zura R, Xiong Z, Einhorn T, et al. Epidemiology of 
Fracture Nonunion in 18 Human Bones. JAMA Surg. 
2016;151(11):e162775. PMID: 27603155.

3. 	 Brinker MR, O’Connor DP. Nonunions : Evaluation and 
Treatment. In: Browner BD, Jupiter JB, Levine AM, 
Trafton PG, Krettek C, eds. Skeletal Trauma: Basic 
Science, Management, and Reconstruction. 4th ed. 
Philadelphia, PA: Saunders Elsevier; 2009:637–718.

4. 	 Tay WH, De Steiger R, Richardson M, Gruen R, 
Balogh ZJ. Health outcomes of delayed union and 
nonunion of femoral and tibial shaft fractures. Injury. 
2014;45(10):1653-1658. PMID: 25062602.

5. 	 Hak DJ, Fitzpatrick D, Bishop JA, et al. Delayed union 
and nonunions: Epidemiology, clinical issues, and 
f inancial aspects. Injury. 2014;45(Suppl. 2):S3-S7. 
PMID: 24857025.

6. 	 O’Halloran K, Coale M, Costales T, et al. Will My Tibial 
Fracture Heal? Predicting Nonunion at the Time of 
Definitive Fixation Based on Commonly Available 
Variables. Clin Orthop Relat Res. 2016;474:1385-1395. 
PMID: 27125823.

7. 	 Fong K, Truong V, Foote CJ, et al. Predictors 
of nonunion and reoperation in patients with 
fractures of the tibia: an observational study. BMC 
Musculoskelet Disord. 2013;14(1):103. PMID: 23517574.

8. 	 Bhandari M, Guyatt G, Walter SD, et al. Randomized 
Trial of Reamed and Unreamed Intramedullary 
Nailing of Tibial Shaft Fractures. J Bone Joint Surg - 
Am Vol. 2008;90(12):2567-2578. PMID: 19047701.

9. 	 Dailey HL, Wu KA, Wu P-S, McQueen MM, Court-
Brown CM. Tibial fracture nonunion and time to 
healing following reamed intramedullary nailing: 
Risk factors based on a single-centre review of 1003 
patients. J Orthop Trauma. 2018;32(7):e263-269. 
PMID: 29664881.

10. 	 Metsemakers WJ, Handojo K, Reynders P, Sermon 
A, Vanderschot P, Nijs S. Individual risk factors for 
deep infection and compromised fracture healing 
after intramedullary nailing of tibial shaft fractures: 
A single centre experience of 480 patients. Injury. 
2015;46(4):740-745. PMID: 25583638.

11. 	 Massari L, Benazzo F, Falez F, et al. Can Clinical 
and Surgical Parameters Be Combined to Predict 
How Long It Will Take a Tibia Fracture to Heal ? A 
Prospective Multicentre Observational Study : The 
FRACTING Study. Biomed Res Int. 2018:1-7. PMID: 
29854729.

12. 	 SmartTRAK. US IM Nailing Procedures: 2018-2023E.; 
2018.

13. 	 Andrzejowski P, Giannoudis P V. The ‘diamond 
concept’ for long bone non-union management. J 
Orthop Traumatol. 2019;20(1).

14. 	 Giannoudis P V., Einhorn TA, Marsh D. Fracture 
healing: The diamond concept. Inj Int J Care Inj. 
2007;38(Suppl. 4):S3-S6. PMID: 18224731.

OrthoXel  
Rubicon Centre, Bishopstown,  
Cork, T12 Y275, Ireland

 	 +353 (0)21 242 9500 Ireland
 	  +1 (646) 661 3167 United States
Envelope-square	 info@orthoxel.com
globe	 www.orthoxel.com
	 @orthoxel
 	 /orthoxel


