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KEY TAKEAWAYS

BURDEN OF 
DELAYED & 
NONUNION 
FRACTURE 
CARE

CONTENTS

Tibial fractures treated by reamed intramedullary (IM) nailing 
have an expected median time to clinical union of 18 weeks.1 

However, delayed healing and nonunion of tibial fractures 
remains an important clinical problem. Tibial nonunions are 
reported to occur at a rate of 7-19% based on data from North 
American Level I trauma centers.2–6 Patients who experience 
this condition may require multiple surgeries over a protracted 
period of care. Tibial fractures that are designated as nonunions 
finally heal at an average of 20 months after injury.7 

Compared to patients healing normally, nonunion patients 
have significantly higher pain and duration of opioid use, higher 
rates of depression requiring treatment, and more lost earned 
income.8 Less than 60% of tibial fracture nonunion patients 
are able to return to work within one year.9 The socioeconomic 
burdens of nonunion are also disproportionately borne by 
lower‑wage workers due to difficulty in returning to jobs with 
higher physical demands.10 Care for these patients also burdens 
the health care system, with nonunions having more than 
double the direct medical care costs compared to normally 
healing fractures.8.  

	� Nonunion is a well-known complication that occurs in 7-19% 

of all tibial fractures treated in Level I trauma centers.

	� Nonunion fractures are associated with a prolonged period 

of pain and disability and typically require multiple surgical 

interventions and an average of 20 months to heal.

	� Known risk factors for delayed healing and nonunion include 

open fracture, smoking, and systemic comorbidities such as 

diabetes and rheumatoid arthritis.

	� Case reports of high-risk fractures treated with Apex 

micromotion fixation show excellent early healing, with 

patients achieving callus bridging by 12 weeks and rapid 

uncomplicated clinical union.
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All fractures were treated using the OrthoXel® Apex Tibial Nailing 
System. The Apex Tibial Nail is the first and only implant to target 
optimized fracture fixation biomechanics in the early healing 
period using a proximal gliding insert that produces controlled 
axial micromotion with high torsional stability (see Figure 1). 

The Apex Tibial Nail has FDA 510(k) clearance in the United States 
and is intended for use in a wide variety of tibial shaft fractures. 

Figure 1: Micromotion 
locking with the Apex Tibial 

Nailing System allows 1 
mm of controlled cyclic 

axial compression during 
weightbearing by means of a 
preassembled proximal stem 

insert.

APEX 
MICROMOTION 
FIXATION

Nonunion is a complex condition with multi-factorial origins. 
Known independent risk factors for nonunion include:

	 Injury characteristics—high energy injury, open fracture, 
extensive soft tissue disruption, bone loss, infection, 
compartment syndrome, and polytrauma. 

	 Comorbidities—diabetes, obesity, immune deficiency, 
rheumatoid arthritis, chronic disease, genetic disease, and 
other meta-bolic or endocrine conditions. 

	 Behavioral risks—smoking, alcohol abuse, opioid and other 
substance abuse. 

	 Surgery-related factors—malreduction, lack of cortical 
continuity, fixation instability. 

Due to their heterogeneous etiology, nonunions are difficult to 
predict and clinical trials focused on prevention and treatment 
are large and complex to design. However, in routine practice, 
orthopaedic surgeons treat high-risk fractures that give cause 
for concern for potentially difficult or slow healing from the time 
of surgery.

RISK FACTORS 
FOR DELAYED  
& NONUNION
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All fractures were treated by reamed implantation of an Apex 
Tibial Nail in micromotion locking mode with two mediolateral 
proximal screws and at least two distal screws. Patients were 
advised to begin early mobilization and progressed quickly 
to full weight bearing unless clinically contraindicated (e.g. 
intra-articular fracture extension). Follow-ups were completed 
according to a set protocol for the observational study in which 
patients consented to participate, which included X-rays and 
clinical exams occurring at least at 6, 12, 18, and 24 weeks, or more 
if needed. In all cases, clinical union was achieved prior to the 
24‑week follow-up, but X-rays continued to 24 weeks as specified 
in the observational protocol. 

All patients had a low-dose CT scan at 12 weeks, which was used to 
assess the callus present according to a published methodology.11 
Briefly, this assessment included virtual torsional testing of 3D 
models reconstructed from the CT scans. Each fracture was 
also digitally reconstructed to allow virtual torsion testing of 
the intact limb. Each model (fractured and intact) produced a 
measurement of structural integrity known as torsional rigidity. 

These torsional rigidities were then normalized to produce a ratio 
(fractured/ intact) that can be used as a summary indicator of 
healing progress. This ratio, known as normalized virtual torsional 
rigidity (VTR), takes a value of 0 if the fracture is completely 
unhealed (no callus bridging) and progresses to a value around 
1 as the fractured limb regains rigidity equivalent to the patient’s 
own intact anatomy. Published data for low-risk tibial fractures 
indicates that they can be expected to achieve a normalized VTR 
value of around 1 by 12 weeks after injury.11,12  

In all cases, radiographic union was defined as RUST score ≥ 10, 
with consensus between the three authors.

SURGERIES & 
FOLLOW-UPS

All cases were completed at Cork University Hospital, a Level I 
trauma center located in southwest Ireland. Following product 
introduction in early 2018, cases have been completed by multiple 
surgeons in this single center, ranging from highly experienced 
senior Consultants to supervised junior trainees. Cases included 
open and closed tibial shaft fractures and a mixture of high- and 
low-energy injuries. Comorbidities included insulin-dependent 
brittle diabetes, rheumatoid arthritis, fibromyalgia, cigarette 
smoking, alcoholism, and other substance abuse. 

All patients who were implanted with Apex Tibial Nails, including 
both low-risk cases and the high-risk cases featured here, were 
offered an opportunity to provide written informed consent 
to participate in an observational clinical study designed to 
quantitatively assess f racture healing using radiographic 
and patient-reported outcomes measures according to a 
previously‑published study protocol.11,12 

This whitepaper features case reports of patients who were 
considered high risk for compromised fracture healing based 
on their injury characteristics or comorbidities and who 
achieved successful uncomplicated clinical union following Apex 
micromotion fixation.

PATIENTS, 
SURGEONS, 
AND SETTING
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ROBUST  
HEALING IN  
HIGH-RISK  
CASES

Case A (Figure 2): Female, age 46, insulin-dependent brittle 
diabetes with poorly controlled blood sugar (elevated HbA1c). Fall 
from standing height resulted in a closed tibial fracture, OTA/AO 
42-A1. The patient was slow to weight-bear for two weeks despite 
encouragement, but was compliant thereafter.

RUST scores at 6 and 12 weeks were 9 and 11. On the 12-week CT 
scan, the callus was clearly bridged and the limb had achieved a 
normalized virtual torsional rigidity, VTR = 1.03 (fractured/intact), 
which indicates that healing had progressed to equivalence with 
the structural rigidity of the intact limb. Clinical union occurred by 
12 weeks and the patient had no pain and returned to all activities 
with no restrictions. Given that insulin-dependent diabetes is 
associated with a documented statistically significant increase 
in the risk of nonunion7,13 and delayed union7,14, this is an excellent 
healing result.

Case B (Figure 3): Female, age 74, rheumatoid arthritis treated 
with methotrexate, osteopenia with pronounced cortical 
thinning. Mechanical fall from less than standing height resulted 
in an open (Gustilo-Anderson II) tibial fracture, OTA/ AO 42-B3. 
Fracture reduction was difficult due to poor bone quality. 

RUST scores at 6 and 12 weeks were 6 and 10. On the 12-week 
X-rays and CT scan, callus formation was well underway and the 
limb had achieved a normalized virtual torsional rigidity, VTR = 
0.59 (fractured/intact), which indicates that significant structural 
healing had already taken place. At 12 weeks, the patient had no 
pain, reported outstanding health, and had regained full mobility. 
Given that rheumatoid arthritis is associated with a documented 
statistically significant increase in the risk of nonunion13,15, and 
this elderly osteoporotic patient also had a compound wound 
and did not suspend the use of antimetabolite medication, this 
is an excellent result.

Figure 2: Case A Female, age 
46, insulin-dependent brittle 

diabetes, closed 42-A1, achieved 
robust structural healing on 

12-week X-rays and CT and 
uncomplicated clinical union.

Figure 3: Case B Female, age 
74, rheumatoid arthritis and 

osteopenia with pronounced 
cortical thinning, open (II) 

42-B3, achieved partial union 
on 12-week X-rays and CT and 
uncomplicated clinical union.
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In this pilot case series of four high-risk tibial fractures treated with 
the Apex Tibial Nailing system, all four patients demonstrated 
outstanding healing results. These patients were enrolled in 
a larger ongoing observational study to assess healing with 
Apex micromotion fixation in a broad range of tibial fractures, 
including both low- and high-risk cases. In all these high-risk 
cases, patients achieved rapid uncomplicated union, despite 
having comorbidities and injury patterns known to significantly 
increase the risk of delayed or nonunion.

CONCLUSIONS

Figure 5: Case D Male, age 
55, open (IIIB) 42-C3 with 

degloving and muscle loss, 
required debridement and 

flap coverage, achieved 
robust structural healing on 

12-week X-rays and CT and 
uncomplicated clinical union.

Case C (Figure 4): Male, age 45, heavy smoker, alcoholic, 
unemployed with suspected poly-substance abuse. Bike accident 
resulted in a closed tibial fracture, OTA/AO 42-A1.

The RUST score at 12 weeks was 12. On the 12-week CT scan, 
the callus was clearly bridged and the limb had achieved a 
normalized virtual torsional rigidity, VTR = 0.95 (fractured/intact), 
which indicates that healing had progressed to near equivalence 
with the structural rigidity of the intact limb. Clinical union 
occurred by 12 weeks and the patient had full functional recovery 
and reported good health. Heavy smoking has been frequently 
reported as a statistically significant risk factor for delayed union 
and nonunion. Substance abuse including opioid exposure prior 
to injury is also associated with a significant increase in nonunion 
risk.16  Given the fracture healing risks in this patient, the fact that 
clinical union was achieved at a routine 12 weeks is an excellent 
healing result.

Case D (Figure 5): Male, age 55, crushed between two vehicles 
and sustained an open (Gustilo-Anderson IIIB) tibial fracture, 
OTA/AO 42-C3. Soft tissue injury was extensive with degloving 
and muscle loss, but no arterial damage. Primary fixation by 
reamed nailing was undertaken with debridement and flap 
coverage by a plastic surgery team. 

RUST scores at 6 and 12 weeks were 8 and 12. Proliferative callus 
was observed on the 12-week CT scan and the limb had achieved 
a normalized virtual torsional rigidity, VTR = 0.87 (fractured/intact), 
which indicates that surprisingly advanced structural healing 
had already taken place, given the severity of the soft tissue 
injury. Clinical union was achieved by 12 weeks and the patient 
continued with no sign of infection, no additional procedures, 
and good functional recovery with minimal pain. Given the high-
energy injury in combination with the degree of communication 
and soft tissue loss, to achieve robust callus bridging at 12 weeks 
is an exemplary healing result

Figure 4: Case C Male, age 
45, heavy smoker, alcoholic, 

suspected poly-substance 
abuse, closed 42-A1, achieved 

robust structural healing on 
12-week X-rays and CT and 

uncomplicated clinical union.
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