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ABOUT ORTHOXEL
OrthoXel is an orthopedic trauma device company dedicated 
to advancing the future of fracture fixation with our orthopedic 
trauma portfolio. We aim to improve patient outcomes and 
transform trauma healthcare driven by insights from surgeons 
and committed to enhancing patient recovery. 

OrthoXel’s Apex Nailing Systems are the next evolution in 
fracture fixation, the first and only tibial and femoral nailing 
systems to promote secondary bone healing with controlled axial 
micromotion and outstanding torsional stability.
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INTRODUCTION
Fracture nonunion remains a significant challenge in orthopaedic trauma practice. Tibial shaft 
fractures account for approximately 37% of all long bone fractures in adults1 and, despite modern 
fixation techniques, delayed unions and nonunions continue to occur. Patients with high-
energy injuries, extensive soft tissue damage, open fractures, or systemic comorbidities such as 
smoking, diabetes, and obesity are at particularly high-risk of nonunion2. These complications 
are associated with prolonged disability, multiple surgical procedures, and substantial healthcare 
costs3.

Successful fracture healing requires an optimal balance between several factors including 
mechanical stability, preservation of biology and biological stimulation. The Apex Tibial Nailing 
System was developed with this in mind. Designed to provide up to 1 mm of controlled axial 
micromotion while maintaining high torsional stability, the Apex Tibial Nailing System creates a 
mechanical environment and biologic stimulus to promote secondary bone healing with weight 
bearing.

This white paper presents a series of high-energy tibial fractures that required an initial period 
of restricted weight bearing. Following progression to weight bearing, all cases demonstrated 
bridging callus formation and uncomplicated fracture union, providing insight into the potential 
interaction between controlled micromotion, progressive loading, and fracture healing.

KEY TAKEAWAYS
	� High-energy tibial fractures requiring prolonged restricted weight bearing are often considered 

at increased risk of delayed union due to the absence of early mechanical stimulation. 

	 �In this retrospective case series, fractures demonstrated limited radiographic progression during 
the non-weight-bearing period, followed by progressive callus formation after weight bearing.

	 �The Apex Tibial Nailing System provides up to 1 mm of controlled axial micromotion while 
maintaining high torsional stability, creating a mechanical environment designed to support 
secondary bone healing.

	 �These clinical observations support further investigation into the potential role of controlled axial 
micromotion during progressive weight bearing in promoting healing in complex fractures.
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Successful fracture healing requires an interplay between biological, patient-related and 
mechanical factors. The Diamond Concept4 of fracture healing describes four key requirements 
for successful union: an appropriate biological environment, adequate vascularity, the 
physiological condition of the patient, and a favourable mechanical environment at the fracture 
site. When one or more of these factors are compromised, as is frequently the case in high-energy 
trauma, the risk of delayed union or nonunion increases.

RATIONALE FOR MICROMOTION FIXATION

Figure 1: The Diamond Concept highlights 
requirements for successful fracture healing.

The Apex Tibial Nailing System was developed with this principle in mind. Its patented proximal 
gliding insert allows up to 1 mm of controlled axial micromotion during weight bearing while 
maintaining high torsional stability. Unlike traditional dynamization, which typically requires a 
secondary procedure after a period of rigid fixation, Apex micromotion nails provide controlled 
axial loading from the time of implantation.

While the biological environment, vascularity, and 
many patient comorbidities are often beyond the 
surgeon’s control, the mechanical environment 
created by fracture fixation remains one of the 
few modifiable factors. The objective is therefore 
not simply to achieve stable fixation, but to create 
mechanical conditions that encourage the 
biological healing response.

Experimental and clinical studies have 
demonstrated that controlled axial micromotion 
can stimulate secondary bone healing through 
enhanced callus formation4, whereas excessive 
shear and rotational movement may impair healing. 
The challenge is therefore to introduce beneficial 
axial loading without sacrificing rotational stability.
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The cases presented in this white paper were performed by Dr. Sean Campbell, Orthopaedic 
Trauma Surgeon at the University of California, Davis Medical Center, a Level I Trauma Center in 
Sacramento, California.

These patients were treated as part of routine clinical practice rather than a planned research 
study. Following his early experience with the Apex Tibial Nailing System, Dr. Campbell identified 
several challenging high-energy tibial fractures that demonstrated similar and encouraging 
healing patterns after initial delayed weight bearing (WB), prompting this case discussion.

The cases are presented to share clinical observations and generate discussion regarding the 
potential role of controlled axial micromotion in supporting fracture healing in complex tibial 
fractures.

CLINICAL SETTING AND CASE SELECTION

Case Injury Reason for 
Delayed 

WB

NWB 
Duration

First Evidence 
of Progression

Union Key 
Observation

A Open distal 
tibial fracture 
(3B) with talar 
body fracture-

dislocation

Talus 
fracture

12 weeks Following 
weight bearing

6-12 
months

Bridging 
developed only 

after WB

B Open tibial 
shaft fracture 

(3B) with fibula 
and ipsilateral 

acetabular 
fractures

Acetabular 
ORIF

12 weeks Following 
weight bearing

10 
months

Delayed healing 
progressed 

following WB

C Tibial shaft 
fracture with 

associated 
plateau and 

plafond 
fractures

Articular 
Fixation

6 weeks Following 
weight bearing

4 
months

Robust callus 
followed WB

CASE SERIES OVERVIEW



•	 Young male patient involved in a high energy motor vehicle accident

•	 Sustained type 3b open tibia and talus fractures with a large medial wound extending from 
the tibia fracture to the ankle

•	 Otherwise healthy patient

•	 Neurovascular status intact

CASE A
Open Distal Tibia and Fibula Fractures with Open Talar Body Fracture-Dislocation

Patient Background

•	 Debridement and irrigation of the open fracture

•	 Direct reduction of tibia through the wound and nailing using the Apex Tibial Nail

•	 Direct open reduction of the talus fracture and fixation with lag screws

•	 Residual talonavicular and subtalar instability treated with reduction and temporary 
percutaneous wire fixation

•	 Wound vac dressing placed

•	 Additional procedures: delayed free soft tissue flap by plastic surgery team

•	 Intraoperative considerations: Apex micromotion nailing felt to be useful as fracture was 
high risk for nonunion, and due to anticipated prolonged non-weightbearing period for talus 
fracture healing

Surgical Treatment

•	 Initially NWB for 12 weeks due to talus fracture

•	 At 12 weeks, the talus had healed and weightbearing was initiated

•	 The tibia fracture had not yet healed at 12 weeks. 

•	 Surgeon’s considerations: Will initiation of weightbearing in combination with axial 
micromotion stimulate the fracture site and drive fracture union?

Weight Bearing Progression

This case is interesting because of the severe biologic insult to the tibia from the open fracture, 
and the concomitant ipsilateral talar body fracture-dislocation. The talus fracture-dislocation 
required an initial 12-week period of non-weightbearing. At 12 weeks, the tibia fracture had 
minimal activity radiographically and might have been expected to go onto nonunion. 

Once weightbearing was allowed, the tibia slowly went on to develop bridging bone and union. 
Axial micromotion with weightbearing mechanically stimulated the tibial fracture to a greater 
degree than static fixation would allow. This may have assisted in driving the fracture to union.

Surgeon’s Commentary

•	 Time to union: 6-12 months

•	 Pain/function: Good function and pain free at final follow up

•	 Complications / reoperations: Reoperation around 6 months for subtalar arthritis

Outcome



Injury Films Immediate Post-Op

12 Weeks

12 Months

6 Months

•	 Talus fracture united

•	 Minimal healing of the tibia

•	 Weightbearing initiated at this time

•	 Slow formation of bridging bone across 
the tibia fracture

•	 Development of subtalar arthritis noted

•	 United tibia fracture with circumferential bridging bone

•	 In interim, patient underwent subtalar joint arthrodesis



•	 Young female patient injured as a pedestrian struck by a motor vehicle

•	 Sustained type 3b open tibia and fibula fractures with a large anteromedial wound

•	 History of housing instability and substance use

•	 Neurovascular status normal, but soft tissues clearly compromised and free flap needed	

•	 Ipsilateral acetabular fracture

CASE B
Type 3b Open Tibia and Fibula Fractures with Ipsilateral Acetabular Fracture

Patient Background

•	 Debridement and irrigation of open fracture and wound

•	 Open reduction and temporary plating through the large wound, then medullary nailing 
with the Apex Tibial Nail

•	 Wound vac placement

•	 Additional procedures: ORIF ipsilateral acetabular fracture, free flap by plastic surgery team

•	 Intraoperative considerations: 

•	 Apex micromotion nailing may be useful in the setting of open fracture at high risk of 
nonunion, and delayed weightbearing from acetabular fracture recovery

Surgical Treatment

•	 NWB for 12 weeks 

•	 Reason for delayed WB: healing from ipsilateral acetabular fracture ORIF

•	 Allowed to weight bear through the limb at 12 weeks postop

Weight Bearing Progression

This case is another example of an open tibia fracture at high risk for nonunion due to biologic 
insult and an initial period of no weightbearing.

At the 12-week follow up visit, there was minimal healing activity. As the patient began 
weightbearing, slow but meaningful bridging callus developed until fracture union was noted at 
10 months postop. 

Surgeon’s Commentary

•	 Time to union: 10 months

•	 Pain / function: healed and returned to full function

•	 Complications / reoperations: none

Outcome



Injury Films Immediate Post-Op

2 Months

10 Months

5 Months

•	 Talus fracture united

•	 Minimal healing of the tibia

•	 Weightbearing initiated at this time

•	 Limited bridging callus formation

•	 Fibula healed

•	 Patient ambulatory without pain

•	 Fracture site bridged with a small 
amount of callus circumferentially 

•	 Asymptomatic and no pain

•	 Clinically healed

3 Months



•	 Middle aged male patient sustained a closed tibia shaft fracture after falling from a bicycle

•	 Otherwise healthy patient, isolated injury

•	 Soft tissues were severely contused medially at the tibia fracture with a large fracture blister 
and ecchymosis, lateral tissues were in good condition

•	 Normal pulses, normal neurovascular exam, and no compartment syndrome

•	 Radiographic workup of the joint proximal and distal to injured bone showed a mildly 
displaced lateral tibial plateau fracture and small Chaput fragment fractured from tibial 
plafond	

CASE C
Tibia Shaft Fracture with Lateral Plateau and Plafond Injuries

Patient Background

•	 Open direct reductions were performed for the tibial plateau and tibial plafond injuries, 
which were then stabilized with buttress plating and tension plating, respectively

•	 The tibia fracture was reduced directly through a small anterior exposure due to the fracture 
line simplicity and long obliquity to obtain an accurate torsional / coronal / sagittal reduction

•	 Nailing was then performed using the Apex micromotion tibial nail

Surgical Treatment

•	 The patient was non-weightbearing for 6 weeks to allow the articular injuries to heal

•	 6 weeks - the patient was allowed to begin weightbearing

Weight Bearing Progression

In this case of a closed tibia fracture, the patient underwent ORIF of articular injuries and was 
kept non-weightbearing for 6 weeks. At 6 weeks postop, there was minimal radiographic healing 
activity of the tibia shaft fracture. Weightbearing generated controlled axial micromotion, which 
was followed by extensive, robust callus formation and union.

Surgeon’s Commentary

•	 Time to union: 4 months

•	 Pain/function: healed and functional

•	 Complications / reoperations: none

Outcome



•	 Primary tibia fracture line 
still visible, minimal callus

•	 Plateau and plafond 
injuries healed

•	 Weightbearing initiated

Injury Films Immediate Post-Op

6 Weeks

4 Months

•	 Extensive, robust 
bridging callus

•	 Patient healed and back 
to weightbearing

•	 Did not attend further 
follow up



12 

WHITE PAPER Apex Tibial Nailing System
Fracture Healing Following Delayed Weight Bearing in High-Energy 

Tibial Fractures Treated with Apex Micromotion Fixation

Tibial nailing relies on relative stability and secondary bone healing to achieve union. The nail 
must hold the alignment in a stable fashion but also facilitate a small amount of motion to 
induce healing. In many situations, the nail is strong and stable enough to control the alignment 
of the fracture during loading and early weightbearing. This early loading may help to provide the 
small amount of motion (relative stability) that drives union.

In a smaller subset of patients such as those with very distal or proximal fractures, those with 
ipsilateral intra-articular fractures, or those needing soft tissue rest for soft tissue injury or free 
flap recovery, early ambulation is not permitted. Anecdotally, this is felt by some surgeons to be a 
risk factor for developing nonunion of the tibia, particularly in higher strain fracture patterns with 
simple fracture lines.

Controlled axial micromotion may be helpful in these situations. Once the patient begins 
bearing weight on the fracture, the additional axial motion facilitates many small but numerous 
compression-distraction cycles at the fracture with each step. Anecdotally, we have seen this 
result in fractures with minimal signs of radiographic healing between 6-12 weeks postop begin 
to unite on initiation of weightbearing. In some ways this is similar to dynamization, which can 
also be effective, but risks destabilizing the construct resulting in too much motion and loss 
of alignment. The advantage of micromotion with the Apex nail is that coronal, sagittal, and 
torsional stability are maintained and no additional surgery is needed.

SURGEON’S DISCUSSION

•	 Some patients with tibia fractures treated with nailing, such as those with severe soft tissue 
injuries or ipsilateral periarticular fractures, are not good candidates for early weightbearing 
and ambulation.

•	 Anecdotally, controlled axial micromotion has been associated with fracture union after 
initiation of weightbearing in this patient population, including in patients with minimal 
evidence of radiographic healing at mid-term follow up.

Clinical Pearls



13 

This case discussion highlights three 
challenging tibial fractures that required 
a prolonged period of restricted or non-
weightbearing due to associated injuries or 
soft tissue considerations. In each case, limited 
radiographic progression was observed prior to 
weight bearing, followed by progressive callus 
formation and successful fracture union after 
weight bearing commenced.

While these observations cannot establish a 
causal relationship, they support the hypothesis 
that controlled axial micromotion during 
progressive loading may help stimulate 
fracture healing while maintaining construct 
stability. Further prospective clinical studies are 
warranted to better understand the potential 
role of controlled micromotion in patients 
unable to commence early weight bearing.

CONCLUSION
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EXPLORE OUR WHITE PAPER LIBRARY

Access our full library of resources 
at www.orthoxel.com/resources

Explore our collection of white papers covering fracture biology, implant biomechanics, clinical 
experience, and orthopaedic innovation.
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