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ABSTRACT 

Should We Be Moving Towards Early Controlled Mobilization Of Extra-Articular Hand Fractures In BC? 

By: Lynne Feehan, PhD Candidate, Interdisciplinary Studies (Orthopaedics) 

Hand fractures are the second most common fracture in both children and adults. They result in a considerable 
societal burden related to acute health care costs and lost socio-economic productivity due to a person's limited 
capacity to perform their normal functional activities throughout their recovery. Although early controlled mobilization 
(ECM) is commonly used following primary flexor tendon repairs and other equally fragile healing tissues in the hand, 
it is not commonly recommended for extra-articular hand fractures. There is scientific evidence to suggest that E C M 
of hand fractures has the potential to enhance early healing, improve regional hand soft tissue function and also lead 
to an improvement in a person's capacity to function throughout their recovery. However, E C M also may have a 
negative impact on healing and functional outcomes if introduced inappropriately. To date, the basic scientific and 
clinical literatures have not identified clear clinical parameters for the 'safe' introduction of E C M following an extra
articular hand fracture. Therefore, the overall objective of this research was to examine the potential clinical efficicacy 
of E C M following an extra-articular hand fractures as a possible alternative to acute post-fracture immobilization (IM) 
and to examine the implementation of E C M following an extra-articular hand fracture within the context of its 
application in the health care system in British Columbia (BC). 

A series of research inquires were completed, including a five year retrospective review of BC Linked Health 
Datasets (BCLHD) to define the incidence, demographics and acute health care utilization trends for hand fractures 
treated in BC; a systematic review of the literature to define the current level of scientifically validated clinical 
evidence related to early motion following an extra-articular hand fractures; and a pre-clinical efficacy trial examining 
the effect of early controlled passive motion (ECPM) on 4-point bending structural properties, dorsal fracture 
alignment and regional mineralized tissue distribution during early fracture healing (initial 28 days) in a closed, extra
articular metacarpal (simulated hand) fracture in a rabbit model. 

Between May 1,1996 and April 30, 2001 there were 72,481 hand fractures identified in the BCLHD with an estimated 
14,500 hand fractures occurring each year in BC with no significant trend for a change over time in number or type of 
fractures. The annual incidence rate for hand fractures in BC was 36 / 10,000 people. Males were at a 2.1 greater 
relative risk for sustaining a hand fracture and they sustained most of this risk from the ages of 15 to 40. As well, 
markedly more hand fractures occurred in the spring and in the Northern Health Authority. In BC, most hand 
fractures (70%) were initially treated by primary care physicians, with the initial point of contact into the medical care 
system being either a physician's office or an emergency room setting. Finally, people in BC with more complex hand 
fracture injuries were referred to and treated quickly by surgeon specialists with only a small percentage (10%) 
admitted to hospital for management of their hand fracture. Consistent findings from a qualitative synthesis of six 
Quasi-Randomized Clinical Trials (Q-RCT) indicated that early motion following a simple, closed, extra-articular 
metacarpal fracture may lead to faster recovery of mobility, strength and return to work without affecting fracture 
alignment. In addition, in a closed metacarpal fracture in a rabbit model, when compared to fractures treated with IM, 
fractures treated with E C P M showed significantly (P < 0.05) better gains in 4-point bending initial stiffness (29% 
difference at twenty eight days), maximum stiffness ( 21% difference at twenty eight days), failure load (17% 
difference at twenty eight days) and energy absorbed per unit area ( 21% difference at twenty eight days), as well as, 
showing a significant reduction in dorsal fracture angulation (33% difference at twenty eight days). E C P M also had an 
apparent influence on the mineralized tissue distribution in the callus at the 28-day time period, possibly explaining 
the superior mechanical properties found in the rabbit healing model at this time point. 

Hand fractures are a common injury in BC, occurring most commonly in adolescent and young adult males during 
their most physically active and productive working years. Increased public awareness of hand fracture risk can lead 
to preventative measures that could reduce the incidence of hand fractures in BC. E C M following an extra-articular 
hand fracture warrants further randomized clinical investigation in humans as it has the potential to improve fracture 
healing and functional outcomes. Improved health outcomes following a hand fracture will reduce the socio-economic 
impact of this common injury in BC. Targeted education regarding the potential benefits of E C M following a hand 
fracture directed at clinicians treating hand fractures in BC will facilitate the recruitment of patients into future RCTs . 
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Chapter 1 - Introduction 

CHAPTER 1: SHOULD WE BE MOVING TOWARDS EARLY CONTROLLED MOBILIZATION OF 

EXTRA-ARTICULAR HAND FRACTURES IN BC - AN INTRODUCTION 

1.1 INTRODUCTION 

Hand fractures are a common injury, accounting for up to 20% of all fractures in adults and children,1'2 The 

long term morbidity associated with hand fractures, such as problems with healing or the persistent loss of 

regional hand tissue function is often minimal.3"6 However, the initial functional burden for the person 

affected is significant, affecting their ability to use their hand for daily functional activities for up to three 

months post-fracture.7 The common nature of hand fracture injuries can result in a considerable societal 

burden. This is evident in the provision of acute health care services for hand fractures, as well as with 

reduced socio-economic productivity due to the injured person's limited capacity to perform daily functional 

and vocational activities throughout their recovery.8 

Early controlled mobilization (ECM) introduced before 3 weeks has the potential to enhance early hand 

fracture healing, 9 1 0 reduce the potential for joint stiffness, muscle weakness and restrictive adhesions 

associated with hand fracture immobilization. 5>6 It may also lead to an improvement in an individuals 

capacity to perform normal personal, recreational and vocational activities throughout their recovery.7 

However, to date the clinical / scientific literature does not specifically examine ECM in terms of its potential 

clinical efficacy or effectiveness following an extra-articular hand fracture. Therefore, clear clinical 

parameters for the 'safe' introduction of ECM interventions following and extra-articular hand fracture have 

not been defined. 

The numbers and rates presented in the epidemiology literature related to hand fracture incidence and 

demographics vary markedly.11-20 The probable reason for this variability is that none of these studies were 

true population based studies examining all occurrences of hand fractures within a whole population for a 

specified time period. Therefore, it is not possible to predict from the current epidemiological literature how 

many hand fractures may be occurring in British Columbia (BC) each year. Nor is it possible to clearly 

define who in BC may be most at risk for sustaining a hand fracture and, therefore, mostly likely to benefit 

from ECM following a hand fracture. Finally, there are no previous studies specifically examining acute 

health care utilization trends for people seeking treatment for a hand fracture. This makes it difficult to 

define who is likely to be providing the initial care for hand fractures in BC and in which medical setting. 

Both of these issues are important factors for defining how ECM might be implemented clinically in BC. 
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Chapter 1 - Introduction 

This thesis will provide a comprehensive overview of how ECM following an extra-articular hand fracture 

may impact the underlying fracture healing and an individual's functional recovery in BC. In addition, this 

thesis will provide an overview of who in BC is most at risk for sustaining a hand fracture, as well as 

identifying who in BC is likely to be initially treating hand fractures and in which medical setting. The 

relevant background for each of the research inquires in this thesis is presented in each chapter (Chapters 

2 through 7), with additional supporting documentation presented in the thesis appendices. 

1.2 CLINICAL AND BASIC SCIENTIFIC BACKGROUND 

Simple closed extra-articular hand fractures are usually managed non-surgically with a closed reduction, 

followed in some instances by percutaneous pin fixation if the fracture remains unstable.5'21-23 The 

advantage of a closed reduction, with or without percutaneous pin fixation, is the avoidance of additional 

surgical trauma. It is generally recommended that closed extra-articular hand fractures be 'immobilized' in 

a cast or a splint for at least 3 to 4 weeks to provide additional protection to the fragile healing fracture.521-23 

Some closed hand fractures cannot be reduced in a closed manner, while others may remain intrinsically 

unstable or significantly mal-aligned following attempts at a closed reduction. In addition, some hand 

fractures present as more complex injuries; involving significant bone loss or comminution, articular 

disruption and / or presenting as an open injury often in conjunction with other regional tendon, nerve and 

vascular tissue trauma. In these circumstances it is usually recommended that an open surgical reduction 

be done with the addition of some form of stable or rigid fixation; ideally rigid fixation that provides direct 

fracture contact with some additional compressive load. 5>2 1-2 3 The rationale for rigid compressive fracture 

fixation is that it should provide enough structural strength or stability to allow for the consideration of early 

motion following fracture, while also facilitating direct fracture healing or remodeling across the fracture gap. 

5,21-23 Unfortunately, the small size, brittle nature (high cortical to cancellous bone ratio) and contoured 

shape of hand bones, combined with the need for extensive regional soft tissue and periosteal disruption 

makes this option technically difficult to achieve. Therefore, it is not uncommon following an open reduction 

of a hand fracture for a surgeon to opt for a less stable form of fracture fixation. In these instances, it is 

again generally recommended that the hand fracture be immobilized for up to 4 weeks to provide additional 

protection to the healing fracture. 5> 2 1" 2 3 

There are many factors likely to influence functional outcome following a hand fracture, the most significant 

being the complexity of the initial hand fracture injury. Simple, non-displaced, closed hand fractures rarely 

have any associated long term morbidity.3"6 However, the more complicated hand fracture injuries, 

2 



Chapter 1 - Introduction 

particularly open injuries that involve significant bone loss and / or other regional tendon or nerve injury can 

often lead to a delays in healing, multiple surgical and rehabilitation interventions, as well as long-term or 

permanent loss in regional hand tissue function.3-6 Other factors associated with overall medical status of 

the individual affected, including their underlying bone health, will influence fracture healing. 2 4> 2 5 Various 

medications, including nicotine and alcohol have also been shown to influence fracture healing.26-28 

Factors related to the choice of medical management of the fracture are also known to influence outcome 

following an extra-articular hand fracture. In particular, clinical outcomes following internal plate and / or 

screw fixation of metacarpal and proximal phalangeal finger fractures remain less than ideal. 6 ' 2 9- 3 1 However, 

it is important to note that these reports are based on case series, rather than controlled clinical trials. 

Therefore, it is difficult to determine conclusively whether these poor functional outcomes are primarily 

related to the severity of the initial injury to begin with s.e.29-32 and / or due to the additional trauma and 

scarring related to the surgery 3 2 and / or due to the potential negative impact of fixation implants on the 

underlying fracture healing process.6 

Immobilization of regional hand, wrist and forearm tissues in a cast or splint will also affect all levels of an 

individual's capacity to function, as defined by the World Health Organization International Classification of 

Functioning, Disability and Health (ICF).33 During the first month or so following a hand fracture when the 

hand is immobilized in a cast or splint, the capacity to participate in normal daily functional activities will be 

particularly compromised. In addition, when the cast or splint is removed, post immobilization complications 

in the hand such as muscle atrophy, weakness and fatigue, joint stiffness, loss of mobility, and loss of flexor 

and extensor tendon gliding function will also influence the capacity to return to normal functional activities. 
3-6 These regional tissue complications associated with immobilization are often more evident following a 

surgical intervention and / or when immobilization of the hand exceeds four weeks, 3 5 leading to an 

increased likelihood of additional rehabilitation, medical and / or surgical interventions; an additional impact 

on health care service provision. 

Experimental studies in animal models have shown that surgical disruption of the early fracture hematoma, 

periosteal tissues and the regional blood vessels affects normal fracture healing.36-38 In addition, other 

studies have also shown that the additional introduction of metal fracture fixation devices such as pins, 

screws and plates also disrupts the regional bone vascular supply, as well as, the normal biologic and 

biomechanical integrity of healing fractures.33'39 It has also been clearly shown in many animal studies that 

limited or controlled mechanical stimuli, in the form of micro-motion, introduced during the initial few days of 
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healing clearly influences the initial genetic and molecular expression in the callus. 4 0> 4 1 This in turn also 

affects the initial cellular proliferation and differentiation, all of which ultimately influence the morphologic 

presentation and strength of the fracture throughout the early stages of healing.42-64 

Based on these basic scientific studies in animals, during the last decade there has been a decided shift in 

the traditional philosophy related to the principles of long bone fracture fixation in humans. 6 5 The shift is 

away from the original concept of a direct (open) anatomic reduction and rigid compressive fracture fixation 

followed by immediate functional reactivation, to indirect (either a closed, percutaneous or limited open) 

near anatomic reduction combined with minimally invasive, limited contact flexible fixation methods, 

followed by early protected mobilization of the affected l imb. 6 6 ' 6 7 This newer concept is referred to as 

biologic or flexible long bone fixation and has been described by Perren SM (2002)68 as finding a balance 

between maintaining the biologic integrity of the healing fracture while providing for an adequately stable 

mechanical environment to allow fracture healing to occur. Unfortunately, the current hand fracture clinical 

literature does not discuss the concept of biologic or flexible fracture fixation and its potential application in 

the management of an extra-articular hand fracture. 

Early controlled mobilization is commonly used following primary flexor tendon repairs and other equally 

fragile or potentially "unstable" healing tissues in the hand,6 9 but it is not recommended for potentially 

unstable extra-articular hand fractures.5 2 1-2 3 The rationale for this clinical strategy in potentially 'structurally 

fragile' fractures is that early regional joint motion of any form may cause excessive motion at the fracture 

site and disrupt early fracture healing and / or alignment. 5<2 1-2 3 Interestingly, these were the same concerns 

expressed in the middle to late 1970s when surgeons and therapists were considering early controlled 

mobilization of potentially unstable or fragile healing primary flexor tendon repairs. However, despite these 

initial reservations, further research over the ensuing years has demonstrated that early controlled 

mobilization of healing primary flexor tendon repairs can lead to improved biologic healing, faster strength 

gains, no increased risk of structural failure (rupture) and better and faster functional recovery of the 

affected individual.69"71 

1.3 SPECIALIZED HAND THERAPY RESOURCES IN BC 

Physical Therapy (PT) and Occupational Therapy (OT) training across Canada currently involves an entry 

level professional Masters training program, offered as accredited programs in several universities across 

Canada. 7 2> 7 3 The University of British Columbia offers an entry level Masters program in both 

Physiotherapy (MPT) and Occupational therapy (MOT). 7 4 To work in BC as either a Physical or an 
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Occupational Therapist requires licensure through either the College of Physical Therapists of B C 7 5 or the 

College of Occupational Therapists of B C . 7 6 In 2005, there were approximately 2400 registered Physical 

Therapists and 1450 registered Occupational Therapists in BC. 7 5 ' 7 6 

Specialization in hand therapy or the specialization in rehabilitation of upper extremity / upper quadrant 

dysfunction is not a formally recognized area of clinical practice in either PT or OT in Canada. However, 

there are a number of therapists in Canada, both PT and OT, that tailor their clinical practice towards a 

specialization in upper extremity rehabilitation.77 In August 2006, there were 65 Certified Hand Therapists 

working in British Columbia, accounting for 71% of all Certified Hand Therapists in Canada. 7 8 A Certified 

Hand Therapist (CHT) can be an occupational therapist or physical therapist who has a minimum of five 

years of clinical experience, including 4,000 hours or more in direct practice in hand therapy. In addition, a 

Certified Hand Therapist must have successfully passed a comprehensive test of advanced clinical skills 

and theory in upper quarter rehabilitation.78 

The majority (46 of 65) of the CHTs in BC are working in the Vancouver Coastal and Fraser Health 

Authorities.7 8'7 9 The Vancouver Island Health Authority has 12 CHTs in Campbell River, Nanaimo and 

Victoria, whereas, the Interior Health Authority has 7 CHTs working in Kamloops and Kelowna. There are 

no Certified Hand Therapists working in the Northern Health Authority.78 In addition, there are also twenty 

Workers' Compensation Board of BC approved hand therapy providers in BC, providing specialized hand 

therapy rehabilitation services for injured workers with a traumatic injury in the upper extremity.80 The WCB 

of BC approved hand therapy clinics provide both consultation and treatment services, with treatment 

provided either directly or under the supervision of a certified hand therapist.80 BC is in a unique position in 

Canada, with a large number of therapists specializing in hand therapy, and thus well placed to be moving 

towards early controlled mobilization of extra-articular hand fractures, especially in the more populous 

urban areas in the province. 

1.4 R E S E A R C H O B J E C T I V E S 

This thesis examines the introduction of early controlled mobilization (a novel intervention) into the 

management of extra-articular hand fractures, a possible alternative to acute post-fracture immobilization 

(standard care). As well, this thesis examines ECM following an extra-articular hand fracture in the context 

of its application in the health care system in BC. 
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The primary objective was to investigate the clinical question of: "Should we be moving towards early 

controlled mobilization of extra-articular hand fractures in BC?" This clinical question was examined through 

a series of research investigations derived from a number of research questions related to this primary 

clinical question. (See Figure 1-1) 

The research questions addressed in this thesis were: 

1. Can ECM be implemented clinically following an extra-articular hand fracture? 

2. Is there any scientifically validated clinical evidence to support early motion following an extra

articular hand fracture? 

3. Who is at risk of sustaining a hand fracture in BC? 

4. Who is providing the initial care for hand fractures in BC and in what clinical setting? 

5. How does Early Controlled Passive Motion (ECPM) affect the quality and rate of early bone healing 

in a rabbit model? 

Each of the research inquiries conducted is presented as a separate manuscript-based chapter in this 

thesis. These research inquires included a comprehensive clinical overview of how ECM could be 

implemented following a potentially unstable extra-articular hand fracture (Chapter 2). In addition, a 

systematic review of the literature was conducted to examine the current state of scientifically validated 

clinical evidence related to early motion following any extra-articular hand fracture was completed (Chapter 

3). As well, a two-part population based epidemiological study was done involving a five year retrospective 

review of all people identified in the BC Linked Health Datasets (BCLHD) 8 1 as having sustained a hand 

fracture in BC between May 1,1996 and April 30, 2001. The first part of epidemiologic study defined annual 

incidence rates, demographics and seasonal and geographic variations for hand fractures BC (Chapter 4). 

The second part of the epidemiological study identified which medical professionals were mostly likely to 

provide the initial medical care for hand fractures in BC and in which medical setting (Chapter 5). A final 

pre-clinical, efficacy trial was done in a rabbit, closed, 3 r d metacarpal extra-articular fracture healing model 

examined the effect of ECPM on early fracture alignment and 4-point bending structural properties (Chapter 

6). The efficacy trial also looked at the effect of ECPM on closed fracture callus regional tissue distribution 

at 28-days post-fracture (Chapter 7). In the final chapter (Chapter 8), there is a brief summary of the key 

findings from each of the research inquires followed by a discussion of why, based on these findings we 

should be moving towards ECM following an extra-articular hand fracture in BC. The thesis ends with 

recommendations for educational and research initiatives that could be implemented in an effort to be 

moving forward with ECM for extra-articular hand fractures in BC. 
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SHOULD WE BE MOVING TOWARDS EARLY CONTROLLED MOBILIZATION OF EXTRA
ARTICULAR HAND FRACTURES IN BC? *' 

I 
BACKGROUD / OBJECTIVES (Chapter 1): Introduction to ECM and the basic scientific and clinical 
rationale to support the concept of early controlled mobilization (ECM) following an extra-articular hand 
fracture. 

RESEARCH QUESTIONS: ^ 

/ 
1. Can ECM be implemented clinically following an extra

articular hand fracture? 
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2. Is there any scientifically validated clinical evidence to 
support early motion following an extra-articular hand 
fracture? 

3. Who is at risk of sustaining a hand fracture in BC? 

Chapter 2: Early Controlled Mobilization of Potentially 
Unstable Extra-Articular Hand Fractures: A Clinical Overview. 

Chapter 3 : A Systematic Review of the Literature 

Chapter 4: Incidence and Demographics of Hand Fractures in 
BC: A BC Linked Health Dataset Inquiry. 

Chapter 5: Initial Health Care Utilization Trends for People 
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Point Bending Structural Properties in a Rabbit Model. 
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Tissue Distribution at 28-Days Post-Fracture in a Rabbit Model. 
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Chapter 2 - Early Controlled Mobilization of Hand Fractures 

CHAPTER 2: EARLY CONTROLLED MOBILIZATION OF POTENTIALLY UNSTABLE EXTRA

ARTICULAR HAND FRACTURES: A CLINICAL OVERVIEW* 

"Let anyone place a normal arm in splints for twenty-four hours a day and see what it is like at the end of a 
month. The result will be a useless limb." 

J.W.Dowden (1924)1 

2.1 RESEARCH QUESTION ADDRESSED IN THIS CHAPTER 

Can Early Controlled Mobilization (ECM) be implemented clinically following a potentially unstable extra

articular hand fracture? 

2.2 INTRODUCTION 

For most patients with an extra-articular hand fracture, acute management follows the progression from 

injury to x-ray and closed reduction. Following a satisfactory closed reduction, percutaneous transfixing or 

intra-medullary Kirshner wire (K-wire) fixation may also be used to help maintain fracture alignment during 

initial healing. More complex fractures require more extensive surgical intervention to obtain satisfactory 

alignment and fracture fixation. 1 4 

Following these initial actions, a physician will likely consider two additional strategies for providing further 

support or protection to the fracture during the acute healing phase. The first of these is to consider a more 

'stable' form of hardware fixation, allowing for earlier active motion of the regional joints. The second is to 

immobilize the joints proximal and distal to the fracture, with the assumption that unrestricted motion of 

these joints may cause displacement of the fracture during the acute phases of healing. 2 4 Unfortunately, 

these strategies of more extensive surgery and regional tissue immobilization can have negative functional 

consequences.2-4 

This chapter reviews the clinical literature and describes 'early controlled mobilization' options for the 

management of potentially unstable extra-articular hand fractures. The intent is to have clinicians consider 

whether 'early controlled mobilization' can be utilized with a potentially unstable, extra-articular fracture. 

The challenge in deciding "to move or not to move" is in finding safe, efficacious and effective strategies for 

fractures that fall within the clinical 'Gray-Zone' of potentially unstable fractures. (See Figure 2-1). 

* A version of this chapter has been published, 

hand fractures. J Hand Ther. 2003;16:161-70. 
Feehan LM. Early controlled mobilization of potentially unstable extra-articular 
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2.3 EARLY CONTROLLED MOBILIZATION - WHO? 

Currently there are two clinical situations where early 'unrestricted active' regional joint motion is 

considered an appropriate management option for extra-articular hand fractures. The first is an inherently 

stable fracture configuration, such as a closed minimally displaced inter-digitated fracture with no 

associated digital rotation (See Figure 2-1-A). 2"5 In this instance early-unrestricted active motion of the 

regional joints may be introduced, usually in combination with some form of external splint or brace 

stabilization of the fracture, commonly referred to as a functional fracture brace.6 The second situation is 

when the internal or external fixation hardware (See Figure 2-1-C) provides sufficient 'structural stability' for 

the fracture to withstand early-unrestricted active motion of the regional joints. 2 4 

Early unrestricted active mobilization programs are generally not recommended for fractures that present in 

the 'Gray-Zone', pictured in Figure 2-1-B. 2 4 These fractures comprise oblique, spiral or comminuted 

fracture patterns known to be at risk for displacement. In addition, fractures managed with co-aptive pin or 

wire fixation methods that align but do not necessarily add strength to the fracture, would be considered in 

this 'Gray-Zone'. These types of fractures are generally thought to be potentially unstable and at a higher 

risk for losing their anatomic alignment or for having impaired healing if subjected to "too much stress" from 

unrestricted active motion. However, there are other early controlled mobilization options besides 

unrestrictive active motion, which can be considered as an alternative to 'immobilization' for these 'Gray-

Zone' fractures. 

2.4 EARLY CONTROLLED MOBILIZATION • WHY? 

Although early controlled mobilization of tendon, nerve, articular and other hand injuries is considered part 

of good hand therapy practice, early controlled mobilization for most hand fractures is still not generally 

recommended during the first three to four weeks of healing. 2 4 The rational for this disparity in clinical 

practice is not clear. It may be that early mobilization, even when performed in a protected and controlled 

manner, is still generally considered by clinicians as either 'unsafe' (i.e. causing harm) or 'unnecessary' 

(i.e. providing no functional benefit) following an extra-articular hand fracture. 

An alternative view is that early active and / or passive motion of one or both joints adjacent to a healing 

fracture will cause motion of the regional soft tissues and joints, reducing the potential for developing joint 

stiffness, muscle weakness and tendon glide tethering, all of which are commonly associated with 
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immobilization of hand fractures. 2 4 In addition, early limited or controlled joint motion may generate 

'intermittent and limited cyclic compressive stresses or loads' across a healing fracture which has the 

potential to positively influence both the quality and rate of fracture healing. 1 A 4 Healing connective tissues, 

including bone, seem to do better with functional or physiologic stress during the early stages of healing. 
1 5 ' 1 6 Thus, in the case of potentially unstable hand fractures, early controlled mobilization choices may 

provide the safe, limited motion beneficial for both skeletal integrity and soft tissue mobility. 

Despite recent clinical studies that advocate early motion, 5> J 9- 2 3 from an evidence-based standpoint, 1 7< 1 8 

there is currently no defined evidence for either the efficacy or effectiveness of early mobilization for 

potentially unstable fractures. Therefore, the impact of early controlled motion on the quality and rate of 

hand fracture healing, as well as, on the rate of an individual's functional recovery clearly needs further 

study. (See Figure 2-2). 

2.5 EARLY CONTROLLED MOBILIZATION - WHEN TO or WHEN NOT TO? 

Wright (1968), 2 4 discussed the role of early mobilization following metacarpal and phalangeal hand 

fractures and remarked that "the stability of the fracture largely dictate(s) the type of immobilization 

required." He felt, as did James (1962),25 that some 'stable' closed metacarpal and phalangeal fractures 

could safely be allowed immediate active motion. Tubiana 2 6 (1983) defined early mobilization of 'stable' 

hand fractures in terms of "beginning after the initial apprehension and pain disappear, usually towards the 

3 r d day." 

In the case of 'less stable' fractures Wright 2 4 felt that there was a need for a period of immobilization, in 

which the hand should be placed "in the position of function, but there is no justification for immobilizing 

these fractures longer than three weeks." Barton (1984), 2 7 reiterated the importance of limiting the duration 

of immobilization for hand fractures to three weeks. Whereas, Strickland (1982)  2 8 considered that 

functional outcomes were not likely to be impacted until immobilization of the healing proximal phalanx 

fracture extended beyond four weeks. 

In some cases, when the fracture is considered at 'high risk for displacement' the decision to immobilize 

may still be considered necessary or appropriate. In these instances, it is important to try to limit the 

duration of immobilization to less than three weeks, and to ensure that within the cast or splint the MCP 
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and IP joints are maintained in the position of function with flexion creases of non-involved joints cleared 

for movement. 

The question of when to consider early controlled mobilization thus depends on when the healing fracture 

is considered 'strong enough' for this approach. This is essentially the same as asking whether a healing 

tendon is strong enough to withstand an early controlled tendon mobilization program. In both cases it 

would depend on what type of stresses or loads the healing tissue must withstand. In structural terms, this 

is akin to defining the specific load bearing potential or 'structural strength' of the tissue over time. 

Defining the 'current structural strength' of any healing tissue at any point in time is a clinical decision 

dependent on a number of important clinical factors. In relation to early fracture healing, these factors 

are:2'3 

• The location of the fracture (which bone, where in the bone) as this defines the regional 'static' and 

'dynamic' forces that will likely compromise skeletal alignment. (See Table 2-1) 

• The pattern of bone structural failure (the number and orientation of the fracture lines) and the degree 

of initial fracture displacement (amount of periosteal disruption) as this determines the inherent 

structural stability of the fracture. 

• The type of fracture reduction (open vs. closed) and additional hardware fixation (none, co-aptive, 

stable, rigid) used. This will indicate how the underlying healing may be affected and how much 

additional 'structural stability' might be expected from the fracture fixation. 

• The nature of any associated soft-tissue injury, from both the original injury and from the secondary 

surgical trauma, as this determines what other regional tissues need to be included in the rehabilitation 

plan. 

• The daily functional demands of the affected person, as these determine the types of daily functional 

stresses the healing fracture will have to withstand. 

• The timing or the stage of healing, as this determines the amount of additional 'structural strength' that 

may be provided by the underlying bone healing processes. 

In clinical practice, progression of therapy and an individual's functional re-activation throughout recovery 

tend to correlate with gains in fracture 'structural strength'. (See Figure 2-2) However the timing of when 

to move or use a hand following a fracture can be highly variable. Therefore, individual modifications to 
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therapy programs must be tailored to each individual, taking into account the patient's clinical presentation, 

their specific personal needs and their daily functional demands. 2 9 

2.6 EARLY CONTROLLED MOBILIZATION - HOW? 

Tubiana (1983), 2 6 described early mobilization in terms that "it must be gentle, never rough or painful, 

progressive, supervised and engage the active cooperation of the patient". He further states that the 

motion should be "in the arc through which the joint can be moved without risk of reproducing the 

displacement of the [reduced] fracture." In instances where full, free, unrestricted active motion of both 

joints adjacent to the fracture is not considered appropriate or safe, a number of limited or controlled 

motion options may still be possible. 

Early controlled mobilization options for extra-articular hand fractures fall into two categories: external 

support and protection options; and early limited or controlled motion options. Figure 2-3 presents these 

early controlled mobilization options in a clinical decision algorithm that has been developed to be 

compatible with a similar physician clinical decision algorithm presented by Freeland (2000).2 This 

rehabilitation clinical decision algorithm assumes that all extra-articular hand fractures are potentially 

unstable and it is just a matter of how unstable and / or under what physiologic or functional loading 

conditions they are likely to be disrupted. For example, a metacarpal fracture treated with a rigid 

compression plate is still at risk for disruption in the early stages of healing in a young male who plans to 

return to playing a contact sport such as football or hockey. In this case the fracture would require some 

additional external support or protection for return to sport. 

This clinical algorithm also assumes that all extra-articular hand fractures will need some form of external 

support or protection during the early healing period (<3weeks), even if this support is only provided under 

limited conditions such as with work or sport. In addition, it assumes that all extra-articular hand fractures 

can be introduced to some form of limited or controlled motion before three weeks. For example in a fragile 

proximal phalangeal fracture, initiation of early motion may be limited to only one joint (Proximal Inter-

phalangeal Joint - PIP), with a limited arc (< 30°) of mid-range passive flexion and extension motion, 

repeated once or twice and only done once a day beginning on the 10 t h day. (See Figure 2-3) 
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2 . 6 . 1 E x t e r n a l S u p p o r t o r P r o t e c t i o n O p t i o n s - M o d i f i e d F r a c t u r e B r a c i n g 

Fracture Bracing vs. Modified Fracture Bracing 

A fracture brace can be defined as an external support (cast, splint or brace) providing direct, semi-flexible 

regional stabilization of the fracture while at the same time allowing for unrestricted mobility of the regional 

soft tissues and joints adjacent to the fracture.6 Modified Fracture Bracing is a modified cast, brace or 

splint design that still provides an external direct, regional stabilization of the fracture while only allowing 

limited or controlled mobility at one or both joints adjacent to the fracture. 

Fracture bracing, as a component of hand fracture management, is not a new clinical concept.3 0'3 1 Colditz 

(2002),6 provides an excellent overview of the history, theory and role of 'Functional Fracture Bracing' in 

the management of closed stable upper extremity fractures, including metacarpal and proximal phalanx 

fractures. Sarimento and Latta (1999),32 and their various co-workers over the past 30 years are significant 

proponents of the use of fracture bracing in early fracture management. Latta (1980), 3 3 stated that 

Fracture Bracing is a philosophy rather than merely the use of orthotic devices; predicated on the belief 

that immobilization of the joints above and below the fracture is not necessary for secondary fracture 

healing. 

The intent or purpose of the fracture brace is not to immobilize the fracture site, but to provide fracture 

alignment stability when regional joint motions occur. 6 This concept is based on the belief that motion of 

the joints surrounding the fracture generates limited functional or controlled stresses stimulating earlier 

bone formation in the peripheral region of the healing callus. It is thought that early bone deposition in the 

peripheral callus allows the healing fracture to bear functional loads earlier. 1 4> 3 0 

Modified Fracture Bracing - Design Considerations 

The key clinical considerations related to modified fracture brace design include: (See Figure 2-3) 

• The Number of Joints Included at Rest - Limited Immobilization or Serial Reduction. 

• The Position of the Joints at Rest - Position of Protection / "Static" Deforming Forces to be neutralized. 

• Other considerations - Pins / Pressure Areas & "Dynamic" Deforming Forces to be neutralized. 

Due to the potential negative consequences of immobilization, it is essential for clinicians to continue to 
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critically examine (or re-examine) their management choices in deciding which joints need to be 

immobilized and for how long. One option to complete regional tissue immobilization is to consider limiting 

the number of joints immobilized to 'one joint proximal and distal' to the healing fracture. 2 2 In instances 

where it is deemed necessary to initially immobilize 'more joints', another option is to consider a serial 

reduction of the cast or splint throughout the initial 3 to 4 weeks post-fracture in order to progressively 

reduce the number of joints contained in the splint. Figure 4 (Fig 2-4,A-C) presents one approach to 'Serial 

Splint Reduction' following a metacarpal fracture in which the initial resting splint has been cut down. The 

CMC is still included and the MCP is still held in flexion at rest, limiting the immobilization at rest to 'one 

joint proximal and one joint distal' to the fracture. 

Figure 2-5.A-D compares a complete regional tissue immobilization splint design with a 'modified fracture 

brace' design for a patient with a proximal phalangeal fracture presenting with K-wires protruding dorsally 

adjacent to the MCP joints. Both splint designs would accommodate the protruding K-wires and protect 

the fracture from unwanted joint motion and other external forces that may displace the fracture at rest. 

Both splints position the MCP in flexion and the IP's in extension at rest in order to reduce the deforming 

force generated with intrinsic muscle tension. Both would allow access for wound care and pin care. Either 

of these splints could also be forearm based (including the wrist) for additional splint stabilization or they 

could be stabilized by 'figure-of-8' strapping around the wrist. The 'modified fracture brace' design has an 

additional 3-pt compression (apex volar) strapping over the proximal phalanx that adds additional stability 

to the fracture. In addition, the 'modified fracture brace' design allows for the optional release of the distal 

straps to introduce some form of early controlled mobilization of the IP joints. Alternately, this modified 

fracture brace splint could be serially reduced by cutting off the dorsal components that extend over the IP 

joints, with this option introduced as an intermediate step prior to removing the protective fracture brace 

completely. 

2 . 6 . 2 E a r l y C o n t r o l l e d / L i m i t e d M o t i o n O p t i o n s 

The use of early controlled mobilization for potentially unstable fractures is dependent upon clinical factors 

or variables related to what motion would need to be controlled in order to maintain fracture structural 

integrity. These choices include: (See Figure 2-3). 

• Delaying the initiation of motion until 10 to 14 days. 

• Limiting the number of joints moved at one time. 
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• Controlling the type of motion (active and / or passive) allowed. 

• Controlling the arc of motion (full or limited) allowed. 

• Controlling the frequency I duration of motion (Number of sessions / repetitions) allowed. 

Clearly, the decisions of when and how to control the motion requires that the physician, therapist and 

patient are all working together with a full understanding of the current strength or stability of the underlying 

fracture. One alternative is to consider a delayed 'early controlled mobilization' of one or both joints 

adjacent to the fracture, beginning at 10 to 14 days. For example, as depicted in Figure 2-4,D, a patient 

could release the strap holding the MCP in flexion at rest so that they can actively extend and abduct the 

fingers. This exercise is done while the patient provides some additional 3-point pinch stabilization force 

over the fracture with the non-involved hand to help neutralize the dynamic intrinsic muscle tension that is 

generated with motion of the MCP into an extended-abducted posture. (See Figure 2-4.D) This exercise 

could be delayed for one or two weeks but started prior to having the patient remove the protective splint at 

3 to 4 weeks. This exercise could be performed while the patient is wearing the serially reduced splint 

(See Figure 2-4,D) or, alternatively, this exercise could be done even if the more comprehensive regional 

tissue resting splint design is chosen (Figure 2-4.A-B). 

Another option is to consider limiting the number of joints for which motion is allowed. For example, the 

'modified fracture brace' depicted for the proximal phalangeal fracture patient in Figure 2-5,C-D would 

allow for the introduction of some form of early controlled motion only at the IP joints. In addition, with this 

splint design early controlled motion of the DIP joint could be introduced immediately, whereas, the 

introduction of some form of PIP motion could be delayed for a week or two. 

A third option is to consider controlling the type of motion allowed, that is active versus passive motion. For 

example, if either active flexion and / or extension were considered to be unsafe at one or both joints 

possibly controlled passive motion would be acceptable. Figure 2-6.A-B shows a modified fracture brace 

design for a middle phalangeal fracture that holds the IP joints in extension and provides significant 

fracture protection at rest. With this splint design, the strap over the proximal phalanx can be released 

(Figure 2-6.C) so the patient can isolate and passively flex and extend the PIP joint. In addition, the patient 

can again add 'pinch' stabilization with the non-involved hand over the middle phalanx in order to 

'neutralize' the dynamic deforming forces that could be generated with tension in FDS and central slip. 
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This exercise could be followed by releasing the strap over the distal phalanx and having the patient isolate 

and actively flex and extend the DIP while stabilizing the middle phalangeal fracture (See Figure 2-6.D). 

A fourth option is to consider controlling the arc of motion allowed, that is full versus a limited arc. In this 

instance, if a full arc of joint motion were considered to be unsafe at one or both joints, possibly limiting the 

arc of joint motion would be acceptable. Figure 2-7.A-B, shows how the more complex modified fracture 

brace (shown in Figure 2-5.C-D) allows for an almost complete 'arc' of composite flexion and extension 

motion at the IP joints when both the distal straps are released. This same splint design could also be 

easily modified so that the volar thermoplastic fracture stabilization component is extended slightly more 

distally, crossing over into the PIP flexion crease, limiting the available arc of inner range flexion in the PIP 

joint even more. In addition to controlling the 'arc of motion', the 'type of motion' could also be controlled 

by instructing the patient to do only passive flexion and / or extension exercises of PIP and / or DIP, similar 

to early passive exercises done with acute flexor tendon repairs. 

Figure 2-7, C-D shows a simpler design for a proximal phalangeal fracture brace, which is a modification of 

a buddy strap that incorporates a fracture stabilization C-ring held in place by the proximal buddy strap. 

The C-ring encroaches volarly onto the PIP flexion creases, effectively limiting the inner range of active 

and passive PIP flexion. This modified buddy strapping could be used acutely for the initial management of 

a .'more stable' proximal phalangeal fracture, or alternately, used as a progression following removal of a 

more protective modified fracture brace. The final controlled motion option is to consider controlling the 

frequency and duration for when joint motion is allowed, by allowing only intermittent and / or supervised 

motion (not shown). 

These clinical variables are essentially the same types of variables that physicians and hand therapists 

consider prior to implementing any early controlled mobilization program for other types of fragile healing 

hand injuries. The advantage of making this clinical determination early in the fracture healing process is 

that it is then possible to move from categorizing a fracture as either 'clinically stable' (able to tolerate 

unrestricted active motion) or 'clinically unstable' (unable to tolerate unrestricted active motion), to thinking 

instead of what clinical factors or variables would need to be controlled in order to maintain fracture 

structural integrity and still allow for some form of early joint motion. 
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2.7 S U M M A R Y 

One of the biggest challenges following hand fractures is in helping the affected person overcome the 

adverse effects of immobilization.29 Immobilization can contribute, along with the injury, to temporary and 

sometimes permanent limitations in the capacity to use the hand functionally. 3 4 Early controlled 

mobilization of the soft tissues and joints adjacent to a fracture reduces the potential for stiffness, 

weakness and restrictive adhesions. The limited and intermittent cyclic compressive stresses that can be 

generated across the healing fracture with regional joint motion have a positive influence on the quality of 

fracture healing. 

However, these benefits would be negated if motion caused fracture-healing problems of mal-union or non

union to occur. The planning, design and timing for safe implementation of an early controlled mobilization 

program for potentially unstable fractures does require that the hand therapist and physician communicate 

and work in partnership. Decisions as to 'if and 'when' a fracture is ready for limited motion, as well as, 

which parameters of support and mobility may be safely manipulated, are variables that can be used to 

determine appropriate rehabilitation of hand fracture patients. 

The goal of fracture management from a rehabilitation perspective is to protect and maintain the integrity of 

the fracture reduction / alignment during healing, using techniques of protective support and early 

controlled motion that allow for safe, pain free, progressive motion. This concept opens the door for 

clinicians to consider early controlled motion for potentially unstable acute hand fracture patients. 
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Table 2-1: Summary of Primary Deforming Forces and Common Patterns of Mal-union for Extra-articular Hand Fractures 

METACARPAL PROXIMAL PHALANX MIDDLE PHALANX 
Primary Deformina Forces: • intrinsic Muscle • Intrinsic Muscle Proximal 1/3: (Apex Dorsal! 

Tension: Tension: Causes the • Central Tendon Tension: Causes the proximal fragment to 
Causes the proximal fragment to extend. 
distal fragment flex. • FDS Tension: Causes the distal fragment to flex 
to flex. • Extensor Mechanism Distal 1/3 (Apex Volar'!: 

Tension: Causes the • FDS Tension: Causes the proximal fragment to flex. 
distal fragment to • Extensor Mechanism Tension: Causes the distal fragment to 
extend. extend. 

Middle 1/3 (.Apex Dorsal or Volar): 
• Depending on whether FDS or Extensor Mechanism is 

dominant influences the distal fragment. 
Common Patterns of 'Mal- Apex Dorsal Apex Volar Fracture Apex Volar (proximal or middle 1/3} or Apex Dorsal (middle or 
union': Fracture .Angulation, Functional distal 1/3) Fracture .Angulation, Functional Bone Shortening + / -

Angulation, Bone Shortening + / - Digital Rotation or Lateral Angulation Distal to Fracture. 
Functional Bone Digital Rotation or Lateral 
Shortening + / - Angulation Dista! to 
Digital Rotation or Fracture. 
Lateral .Angulation 
Distal to Fracture. 



Figure -2-1: To Move of Not to Move? 



How Will "Early Controlled Mobilization " Options Influence 
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Figure -2-2 : Evidence-based practice: How will early controlled mobilization affect health outcomes? 
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Figure -2-3Rehabilitation clinical decision algorithm developed to be compatible with a similar physician decision algorithm presented by Freeland 
(2000)2 



Figure -2-4: Fifth Metacarpal Fracture - Serial Splint Reduction and / or Modified Fracture Brace Design. A: Volar Forearm Based "Immobilization/ 
Resting" splint, proximal strap over P1 holds the affected fifth finger MCP joint in flexion at rest. B: A separate molded and padded thermoplastic 

compression insert is placed dorsally under the hand strap. The dorsal strapping / compression can be adjusted with variations in swelling. C: Serial 
reduction of the splint. The CMC is still included and the MCP is still held in flexion at rest, limiting the immobilization at rest to 'one joint proximal and 

one joint distal' to the fracture. Proximal 'Figure-of-8' stabilization strap not shown. D: Active composite finger extension and abduction exercise 
performed in the modified fracture brace while the patient adds additional 3-pt 'pinch' stabilization for the fracture. The proximal 'figure-of-8' splint 

stabilization strap is partially shown. 
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Figure -2-5: 'Unstable' Proximal Phalangeal (P1) Fracture - Early Immobilization' vs. 'Modified Fracture Brace' Splint Designs. A: Lateral View of 
the patient, showing K-wire fixation and healing incisions for unstable P1 fracture B: 'Complete Immobilization' splint for protection of this 'unstable' 

fracture from all potential deforming forces, allowing access only for wound and pin care. C : Dorsal View - Alternate Modified Fracture Brace 
Design, allows for the same protection at rest, access for pin and wound care and accommodation for K-wires. D: Lateral View - Shows the '3-pt' 
(apex volar) strapping option. This volar strapping component is made with a molded thermoplastic volar fracture stabilization component, held in 

place over P1 with bilateral 'V-shaped' strapping. 



Figure 2-6: Middle Phalangeal (P2) Fracture - Early Control of Type' of Motion A: Lateral View -Resting Splint, provides maximal protection. 
Shows 'Dorsal Prominence' to accommodate PIP motion and the volar molded thermoplastic insert under the P2 volar strap to provide additional 

compression over fracture. C: Proximal strap over P1 can be released for isolated passive PIP flexion and / or extension exercises while the 
patient also provides additional 'pinch' stabilization of the fracture. D: Lateral View - Shows additional 'pinch' pressure provided by patient while 

performing isolated active DIP flexion and extension exercises. 



Figure 2-7: 'Unstable' Proximal Phalangeal (P1) Fracture - Early Control of 'Arc' of Motion A: Volar view of same P1 splint depicted in Figure 4,c 
and d. The distal straps are removed allowing the patient access to do almost full composite arc of IP joint motion. B: Lateral view same splint, no 
distal straps, shows active composite IP flexion demonstrating a slight limitation in inner 'arc' of PIP flexion. The patient could also add additional 

'pinch' compression during this exercise (not shown). C: Alternate Design for P1 Modified Fracture 'Buddy-strapping'. In this case a 'Fracture 
Stabilization C-Ring' is molded over the proximal phalanx and held in place with the proximal buddy strap. D: Lateral View 'Modified Buddy Strap -

Shows 'limited arc' of composite active motion flexion allowed in this splint. 



Chapter 2 - Early Controlled Mobilization of Hand Fractures 

CHAPTER 2: REFERENCES 

1. Dowden JW (1924) . The principles of early active movement in treating fractures of the upper 

extremity. Reprinted in: Clinical Orthop Rel Res 1980; 146:4-8. 

2. Freeland AE, Lund PJ. Metacarpal and phalangeal fractures. In: Russell RC (ed.) Plastic Surgery: 

Indications, Operations and Outcomes. (Vol. 4 - Hand Surgery), Toronto, Mosby; 2000:1845-1864. 

3. Purdy BA, Wilson RL. Management of nonarticular fractures of the hand. In: Mackin EJ, Callahan AD, 

Skirven TM, Schneider LH, Osterman AL (Eds.) Rehabilitation of the Hand and Upper Extremity (5 th 

Edition). St. Louis: CV . Mosby, 2002:382-395. 

4. Stern PJ. Fractures of the metacarpals and phalanges. In: Green DP, (ed). Operative Hand Surgery 

(3 rd ed). New York: Churchill Livingstone Inc. 1993:695-758. 

5. Ip WY, Ng KH, Chow SP. A prospective study of 924 digital fractures of the hand. Injury 1996; 27(4): 

279-285. 

6. Colditz JC. Functional fracture bracing. In: Mackin EJ, Callahan AD, Skirven TM, Schneider LH, 

Osterman AL (Eds.) Rehabilitation of the Hand and Upper Extremity (5 th Edition). St. Louis: CV . 

Mosby, 2002:1875-1886. 

7. Ashhurst DE. The influence of mechanical conditions on the healing of experimental fractures in the 

rabbit: a microscopical study. 1986; Phil Trans R Soc Lond 313(B):271-302. 

8. Carter DR, Beaupre GS, Giori NJ, Helms JA. Mechanobiology of skeletal regeneration. . Clinical 

Orthop Related Research 1998; 355S:41-55. 

9. Chao EYS, Inoue N, Elias JJ, Aro H. Enhancement of fracture healing by mechanical and surgical 

intervention. Clinical Orthop Related Research 1998; 355S:163-178. 

10. Claes JE, Heigele CA. Magnitudes of local stress and strain along bony surfaces predict the course 

and type of fracture healing. J Biomech 1999; 32(2): 255-266. 

11. Goodship AE, Cunningham JL, Kenwright J . Strain rate and timing of stimulation in mechanical 

modulation of fracture healing. Clinical Orthop Related Research 1998; 355S:105-115. 

12. Park SH, O'Conner K, McKellop H, Sarmiento A. The influence of active shear or compressive motion 

fracture healing. J Bone Jt Surg 1998; 80(6): 868-878. 

13. Panjabi MM, White AA, Wolf JW. A biomechanical comparison of the effects of constant and cyclic 

compression on fracture healing I rabbit long bones. Acta Orthp Scand. 1979; 50:653-661. 

14. Sarmiento A, Schaeffer JF, Beckerman L, Latta LL, Enis JE. Fracture healing in rat femora as 

31 



Chapter 2 - Early Controlled Mobilization of Hand Fractures 

affeacted by functional weight-bearing. J Bone Jt Surg 1977;59A: 107-113. 

15. Cry LM, Ross RG. How controlled stress affects healing tissues. J Hand Ther. 1998; 11(2): 125 -130. 

16. Slade JF, Chou KH. Bony Tissue Repair. J Hand Ther 1998; 11(2): 118 - 124. 

17. McClure P. Critical literature reviews. J Hand Ther 2001; 14:53. 

18. Mulrow C, Cook D (eds). Systematic Reviews: Synthesis of best evidence for health care 

decisions. Philadelphia (PA); American College of Physicians. 1998. 

19. Ebinger T, Erhard N, Kinzl L, Mentzel M. Dynamic treatment of displaced proximal phalangeal 

fractures. J Hand Surg 1999; 24A: 1254-1262. 

20. Gonzalez MH, Hall RF. Intramedullary fixation of metacarpal and proximal phalangeal fractures of the 

hand. Clinical Orthop 1996;327:47-54. 

21. Hansen PB, Hansen TB. The treatment of fractures of the ring and little metacarpal necks: A 

prospective randomized study of three different types of treatment. J Hand Surg 1998; 23B 2: 245 -

247. 

22. Motta, P., Mariotti, U., and Cettina, R. [Brace for orthopaedic treatment of fifth metacarpal fractures] 

Ortesi per il trattamento incruento dell fratture del v metacarpo. Minerva Ortop Traumatol 1994; 45[5], 

179-185. 

23. Kuokkanen HO, Mulari-Keranen SK, Niskanen RO, Haapala JK. Treatment of subcapitate fractures of 

the fifth metacarpal bone: prospective randomized comparison between functional treatment and 

reposition and splinting. Scand J Plast Reconstr Surg Hand Surg 1999; 33:315-317. 

24. Wright TA. Early mobilization in fractures of the metacarpals and phalanges. Can J Surg. 1968; 

11:491-498. 

25. James JIP. Fractures of the proximal and middle phalanges of the fingers. Acta Orthop Scand 1962; 

32:401-410. 

26. Tubiana R. Early mobilization of fractures of the metacarpals and phalanges. Ann Chir Main 1983; 

2(4): 293-297. 

27. Barton NJ. Fractures of the hand. J Bone Jt Surg. 1984; 66B: 159-167. 

28. Strickland JW, Steichen JB, Kleinman WB. Phalangeal fractures: factors influencing performance. 

Orthop Rev. 1982; 1:39-50. 

29. Feehan LM, Hardy MA. Therapeutic Management of Hand Trauma In: Russell RC (ed.) Plastic 

Surgery: Indications, Operations and Outcomes. (Vol. 4 - Hand Surgery). Toronto, Mosby; 2000: 

1705-1733. 

32 



Chapter 2 - Early Controlled Mobilization of Hand Fractures 

30. Ferraro MC, Coppola A, Kippman K, Hurst LC. Closed functional bracing of metacarpal fractures. 

Orthop Rev. 1983; 12(8):49-56. 

31. Thomine JM, Gibon Y, Benjjeddou MS, Biga N. Functional brace in the treatment of diaphyseal 

fractures of the proximal phalanges of the last four fingers. Ann Chir Main 1983; 2:298-306. 

32. Sarmiento A, Latta LL. Functional fracture bracing. J Am Acad Orthop Surg 1999; 7(1): 66-77. 

33. Latta LL, Sarimento A, Tarr RR. The rationale of functional bracing of fractures. Clin Orthop Rel Res 

1980; 146:28-36. 

34. World Health Organization.ICIDH-2 International classification of functioning, disability and Health. 

Geneva: 2001 (www.who.int/icidh/) 

33 

http://www.who.int/icidh/


Chapter 3 - Systematic Review of the Literature 

CHAPTER 3: SYSTEMATIC REVIEW OF THE LITERATURE* 

3.1 RESEARCH QUESTION ADDRESSED IN THIS CHAPTER 

Is there scientifically validated clinical evidence for early mobilization following an extra-articular hand 

fracture? 

3.2 INTRODUCTION 

A systematic review and critical appraisal provides an unbiased and comprehensive synthesis of the best 

available scientific evidence related to a clinical issue of interest.1-3 Findings from systematic reviews 

provide clinicians with an opportunity to examine this clinical evidence and its potential utility in the 

management of their own patients.45. Evidence-based practice decisions are traditionally based on 

scientifically validated evidence obtained from either high quality systematic reviews / meta-analysis of all 

randomized clinical trials (RCTs) [Level I evidence] or from one or more high quality RCTs [Level II 

evidence] 6>7 Evidence obtained from a synthesis of poor quality RCTs (Quasi-randomized Clinical Trials -

Q-RCTs) or a prospective non-randomized controlled trials (Controlled Clinical Trial - CCTs) [Level III 

evidence] help to clarify future research directions.6'7 (See Figure 3-1.) 

As noted in Chapter 2, early active motion is generally considered an appropriate management option for 

extra-articular hand fractures in two clinical situations.8 The first is when internal or external fixation 

hardware provides enough 'structural stability' for the fracture to withstand early motion.9"11 The second is 

when the fracture presents with an inherently stable fracture configuration (eg: in non-displaced, simple, 

closed fractures).12-17 The assumption being that early motion has the potential to improve healing and 

functional outcomes.8 Conversely, early mobilization programs are generally not recommended for extra

articular hand fractures that present with inherently unstable fracture configurations (eg: displaced spiral, 

oblique, comminuted fractures) or in instances when the fracture has been managed with some form of less 

structurally rigid internal or external hardware fixation.8-11 In these clinical situations the assumption is that 

'too much stress' may have a negative impact on healing outcomes.8 

* An earlier version of this chapter has been published. Feehan LM, Basset K. Is there evidence for early motion following an 

extra-articular hand fracture? J Hand Ther 2004; 17(2): 300-308. This publication was also peer reviewed and published on-line 

as a DARE structured abstract, http://nhscrd.york.ac.uk/online/dare/20049807.htm (See Appendix 3-1). This chapter contains an 

updated literature review. 
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Clinically, it remains unclear when earlier mobilization of the affected hand can be considered safe (causing 

no harm) or necessary (providing clinically meaningful functional benefit) following an extra-articular hand 

fracture.8 The intent of this study was to conduct a systematic review and critical appraisal of the clinical 

literature to establish if there is scientifically valid evidence (level I or II evidence) related to the effect of 

early motion on fracture healing or functional status following an extra-articular hand fracture.6'7 The 

specific research question was: Does the introduction of early (< 21 days) motion of joints adjacent to a 

fracture affect fracture healing and functional outcomes in people with extra-articular metacarpal or 

phalangeal fractures compared with people treated with post-fracture immobilization? 

3.3 METHODS 

3.3.1 Study Inclusion Criteria 

Studv Design: The study had to be a prospective controlled (CCT), quasi-randomized controlled (Q-RCT) 

or randomized controlled (RCT) clinical trial. 

Intervention of Interest: The trial had to compare complete post-fracture immobilization of both joints 

proximal and distal to the fracture, to motion of one or both joints adjacent to the fracture. Joint motion had 

to be initiated in the first 21 days post-fracture or reduction. Additional interventions were allowed as long 

as both groups received the same co-intervention(s) (eg: medications, strengthening exercises). 

Studv Participants: Participants could be of any age or gender presenting with an open or closed extra

articular hand fracture(s) in any digit. Fractures managed with any form of reduction and / or additional 

hardware fracture fixation was allowed. Excluded were studies (subgroups) with intra-articular metacarpal 

or phalangeal fractures. Also excluded were studies (subgroups) with associated regional soft-tissue 

trauma that would require an additional surgical intervention (eg: tendon, nerve, artery, significant skin 

loss). 

Health Outcomes of Interest: The health outcomes of interest were determined apriori, and were sub-

grouped into either a 'Healing status' or 'Functional Status' measure. The primary and secondary health 

outcomes of interest are outlined in Table 3-1. 

3.3.2 Search Strategy 

Medical bibliographic databases were searched via a Basic Index DIALOG search of MEDLINE; EMBASE; 

Biosis Previews(R); SciSearch(R). Occupational medicine databases were searched in OSH-ROM. In 

addition, a comprehensive fugitive literature search was undertaken to identify materials published in in-

house and commercial databases, as well as, unpublished materials found in conference proceedings, 

35 



Chapter 3 - Systematic Review of the Literature 

theses, and clinical trials in progress. There was no specific language or date limit for any search. (See 

Tables 3-2 and 3-3 for further details of the search strategy and sources searched) 

3.3.3 S t u d y S e l e c t i o n 

Two independent reviewers, one content expert (LF) and one methodology expert (KB) conducted this 

systematic review. One or both reviewers screened all titles and references retrieved in any search 

strategy. Any unique study title or reference identified by either reviewer as possibly meeting the inclusion 

criteria went on for a formal review of the abstract. Both reviewers then independently assessed all 

abstracts to define which articles should be retrieved for further review. Finally, both reviewers 

independently reviewed all retrieved articles using a standardized to determine if the articles met the 

specific inclusion criteria. 1 8 1 9 Reviewers resolved any disagreement by consensus. 

3.3.4 M e t h o d o l o g i c a l Q u a l i t y a n d V a l i d i t y A s s e s s m e n t 

Both reviewers independently evaluated the methodological quality of all included studies using a 

standardized and pre-tested form with pre-defined operational criteria for rating. (See Appendix 3-2) The 

methodological quality assessment form was modified from previously published sources. 1 8 ' 1 9 Eighteen 

items within five domains of interest (Patient Selection, Interventions, Protocol Violations, Outcome 

Evaluation, and Analysis) were evaluated. Any disagreement between reviewers in the rating of any item 

was discussed and resolved by consensus decision. An 'overall quality assessment score' (OQA) and an 

'internal validity' (IVS) percentage score was determined.1 8'1 9 A score of 70% or higher was needed to 

achieve a good rating. 

3.3.5 D a t a E x t r a c t i o n 

One reviewer (LF) extracted 'Study Characteristic' and 'Health Outcome' data using standardized forms. 

The second reviewer (KB) checked all extracted data for accuracy. 

3 .4 R E S U L T S 

3 .4.1 T r i a l F l o w 

Approximately 1000 clinical trial study titles or references related to extra-articular hand fractures were 

screened. A total of 344 abstracts were formally reviewed. The total number of abstracts excluded at this 

stage was 334 (Kappa = .769; Substantial Agreement for selection).2 0 Ten abstracts were selected for 

retrieval and review of the full text. An additional four studies were excluded at this stage (Kappa = 1.0; 

36 



Chapter 3 - Systematic Review of the Literature 

Complete Agreement for inclusion / exclusion). Six studies met the inclusion criteria for this systematic 

review. 

3 . 4 . 2 E x c l u d e d S t u d i e s 

Both reviewers agreed to exclude 330 studies based only on the abstract review. Four additional abstracts 

(Hurov, 1999; Randall 1992; Stassen 1994; Trabelis, 2001) were excluded following reviewer discussion.21-
2 4 Both reviewers also agreed to exclude an additional four studies (Harding, 2001; Jones, 1995; Motta, 

1994; Viegas, 1987) following the review of the full text. 2 5" 2 8 The two primary reasons for exclusion at any 

level were inadequate study design (eg: case reports or series, uncontrolled studies) or the reported 

outcomes were not specifically described for the sub-group of extra-articular hand fractures. 

3 . 4 . 3 S t u d y a n d F r a c t u r e C h a r a c t e r i s t i c s 

See Table 3-4 for further details regarding the study characteristics; including study design, comparisons 

made, sample sizes and patient demographics, as well as further details regarding the included fracture 

characteristics. Six studies met the minimum inclusion criteria for this systematic review of the literature. 

[Braakman,1998(n=50); Hansen,1998 (n=105); Konradsen,1990 (n=100); Kuokkanen,1999 (n=29); 

McMahon, 1994 (n=42); Sorenson,1993 (n=133)]. 2 9" 3 4 The included studies reported on health and 

functional outcomes in a total of 459 patients (numbers included in the study ranged from 29 to 133 

patients) all with simple, closed, metacarpal fractures occurring in the second through fifth digits. The 

included fractures were managed with or without a closed reduction. The age range potentially included in 

all the studies was 10 to 80 years old. Of the four studies reporting mean-age (Braakman, 1998; 

Konradsen, 1990; Kuokkanen, 1999; McMahon 1994), the mean-age ranged from 22 to 31 years old. In 

the three studies reporting gender (Braakman, 1998; Kuokkanen, 1999; Sorenson, 1993) the percentage of 

men ranged from 84 - 90% 

All six studies were published in English in peer-reviewed journals from 1990 to 1999. All were single 

center studies. Five of the studies were conducted in a Scandinavian country and one was conducted in the 

United Kingdom. All six studies compared traditional plaster cast immobilization [including the forearm, 

wrist, carpal-metacarpal (CMC), metacarpal-phalangeal (MCP) + / - the inter-phalangeal (IP) joints] to 

some form of early unrestricted active motion of one or both joints immediately adjacent to the healing 

metacarpal fracture (CMC and / or MCP). The duration of immobilization ranged from two weeks in one 

study (McMahon, 1994), to three weeks in another study (Konradsen, 1990) to four weeks in the remaining 

four studies (Braakman, 1998; Hansen, 1998; Kuokkanen, 1999; Sorenson, 1993). 
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Three of the studies (Braakman, 1998; Kuokkanen, 1999; McMahon, 1994) compared cast immobilization 

to some form of non-restrictive external support (taping, compression glove or compression bandage) that 

allowed full, unrestricted motion in all joints in the affected hand. Two studies (Konradsen, 1990; Sorenson, 

1993) compared cast immobilization to some form of functional fracture brace that potentially restricted 

motion in the affected digit CMC joint, but allowed for full, unrestricted motion of the affected digit MCP 

joint. Hansen (1998), compared cast immobilization to two different early motion options: compression 

bandaging and functional fracture bracing. Of the three studies that utilized functional fracture-bracing 

options (Hansen, 1998; Konradsen, 1990; Sorenson, 1993), two utilized materials that allowed the fracture 

brace to be custom-molded on the affected hand (Hansen, 1998; Konradsen, 1990). Sorenson (1993), 

utilized a commercially available 3-point pressure metacarpal fracture brace. 

No prospective controlled clinical trials were found that involved extra-articular phalangeal fractures. As well 

no studies were identified that included any extra-articular hand fracture requiring an open reduction and / 

or additional hardware fracture fixation. 

3 . 4 . 4 M e t h o d o l o g i c a l A n a l y s i s 

All six were reported as randomized clinical trials (RCTs). However, following review they were re-

categorized as quasi-randomized controlled clinical trials (Q-RCT) This was based on pre-established 

criteria defining 'quasi-randomization' as random treatment allocation that was unclear or inadequate in 

terms of a showing a truly random treatment allocation in combination with no evidence of adequate 

concealment of treatment allocation. 

All six studies were rated as poor quality. Figure 3-2 outlines the results of the 'Overall Quality' (OQS) and 

'Internal Validity' (ICS) scores for the included studies. The mean OQS for all included studies was poor at 

10.2/18 (56.5%) with a range from 8-12/18 (44.4% - 66.7%). The ICS score for all included studies was 

also poor at 5.8 /11 (53.0%) with a range from 4-7/11 (36.4% - 63.6%). 

3 . 4 . 5 H e a l t h O u t c o m e D a t e S y n t h e s i s 

Health outcome data could not be pooled in a quantitative meta-analysis because of the poor 

methodological quality of the trials, the heterogeneous nature of the early mobilization interventions, the 

diversity of health outcome reported and the incomplete reporting of outcome data. A qualitative analysis 
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was completed. See Table 3-4 for further details of the extracted health and functional outcome data. The 

following is a summary of the key findings. 

Primary Healing and Functional Health Outcomes of Interest: No study reported on either a standardized 

measure of time to clinical or boney union or a score on a standardized hand function test or health related 

quality of life test instrument. 

Secondary Healing Health Outcomes of Interest: Three studies (Konradsen, 1990; Kuokkanen, 1999; 

Sorenson, 1993) examined change in fracture alignment or 'malunion' over the duration of the study. All 

three reported no statistically significant change from baseline fracture angulation for any group throughout 

the study. 

Sorenson (1993) reported many more secondary medical problems related to adverse skin reactions in the 

early motion group that used a commercially available 3-point pressure metacarpal fracture brace. In this 

group there were fifteen pressure sores and two necrotic areas (17 / 65) as compared to no reported skin 

problems in the cast group (n=68). Two other studies compared metacarpal fracture braces that were 

custom molded on the affected hand with cast immobilization (Hansen, 1998; Konradsen, 1990). Both 

these studies state that there were no pressure sore or necrosis skin problems observed in any subject in 

any group. 

Secondary Functional Health Outcomes of Interest: All six included studies reported on some aspect of the 

affected digit's mobility as a health outcome measure. However they used different ways to operationalize 

and report their mobility data, making mobility outcome comparisons between studies difficult. All six 

studies report statistically better mobility immediately following the period of immobilization in the 'mobilized 

groups' as compared to the 'immobilized group'. All six studies reported essentially no difference in mobility 

for any groups at final follow-up (minimum of three months), with all participants achieving full or less than a 

10-degree loss of mobility in the affected digit. 

Three studies (Braakman, 1998; Konradsen, 1990; Kuokkanen, 1999) report on strength as a functional 

outcome. All three report a statistically greater grip strength measure in the 'mobilized group' as compared 

to the 'immobilized group' immediately post-immobilization. Two studies (Konradsen, 1990; Kuokkanen, 

1999) report the immobilized groups as having approximately 65% of normal grip strength as compared to 
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approximately 85% of normal grip strength in the mobilized groups immediately after the period of 

immobilization. The third study (Braakman, 1998) did not report specific values for grip strength. All three 

report that all participants had regained at least 90% of normal grip strength at final follow-up (minimum 3 

months). 

One study (Konradson, 1990) discusses time to return to work as an outcome. In this study time (in days) 

until return to work was compared between the groups. Each group was subdivided into four different work 

categories (student, white-collar worker, light-equipment operators, road-construction workers). In all four 

of the work categories examined the early mobilization (functional brace) group returned to work in a 

significantly faster time than the immobilized (cast) group. The 'mobilized group' returned to work on 

average two-thirds faster than the 'immobilized group'. All participants had returned to work by 3 months. 

3.5 DISCUSSION 

This systematic review examined clinical evidence regarding the impact of early motion interventions on 

fracture healing and functional status following early mobilization of extra-articular hand fractures. These 

health outcomes are relevant to two clinical issues. The first relates to whether or not early motion of one or 

both joints adjacent to a healing extra-articular hand fracture would cause harm to either the quality or rate 

of fracture healing. The second relates to whether or not early regional joint motion would provide any 

clinically meaningful functional benefit. Based on these two clinical issues, the primary and secondary 

health outcomes of interest were defined and critically examined in this review. 

Scientifically valid clinical trial evidence in this area remains weak. Our review found no Level I (evidence 

from high quality systematic review or meta-analysis of RCTs) or Level II (evidence from one or more high 

quality RCT) evidence related to the effect of early motion interventions on either fracture healing or 

functional outcomes following any extra-articular hand fracture.6'7 The most consistent study findings, 

based on six poor quality, quasi-randomized studies (Level III evidence)6*7 suggest that early motion 

following a simple, closed, metacarpal fracture in the second to fifth digit managed without an open 

reduction and / or additional fracture hardware fixation has the potential to: 1) result in earlier recovery of 

mobility and strength, 2) facilitate an earlier return to work and 3) not affect fracture alignment. Findings 

also indicate that skin pressure problems are not associated with custom-molded metacarpal fracture 

braces. 
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Our study contrasts to another review article, published in German by Prokop et al (1999), which discusses 

clinical outcomes following a metacarpal fracture.3 5 This article reviewed 16 clinical studies of mixed 

clinical trial design, included a separate examination of outcomes from three prospective controlled clinical 

trials involving 163 people comparing cast immobilization to early motion. All three of the studies examined 

were also included in our systematic review. The authors concluded that early mobilization following a 

metacarpal fracture would provide good to excellent results (not specifically defined) in 95% of the cases. 

However, they also caution that there is potential for a high failure rate because of local bruising and 

necrosis from the use of a metacarpal fracture brace. This caution is based on the findings from the study 

conducted by Sorenson (1993), in which commercially available non-custom molded 3-point metacarpal 

fracture brace was used. We also report the high instance of skin pressure related problems found in the 

Sorenson study. However, our systematic review also included two additional studies that used custom-

molded metacarpal fracture braces (Hansen, 1998; Konradsen, 1990). In both these additional studies 

there were no reports of any skin pressure related problems. These inconsistent findings related to 

secondary skin pressure problems associated with the use of a metacarpal fracture brace are easily 

explained by differences in fracture brace design. A fracture brace that is custom-molded to fit directly on 

the affected hand will provide a more consistent pressure over a larger skin surface area and will be far 

less likely to cause skin pressure related problems. 

Poolman et al, have also submitted a protocol to the Cochrane Collaboration Musculoskeletal Injuries 

Review group entitled "Conservative treatment for closed fifth (small finger) metacarpal neck fractures in 

adults." 3 6 Findings from this review have yet to be published. Our systematic review was much broader 

including any prospective controlled clinical trial that compared 'early motion' with 'immobilization' following 

any type of extra-articular hand fracture. Ultimately we only found trials involving closed, metacarpal 

fractures in the second through fifth digits. It will be of interest to compare the findings and conclusions 

from these two similar, but independently conducted, systematic reviews. (See Additional Related 

Comments) 

3.6 R E V I E W E R C O N C L U S I O N S 

There are no well-conducted, randomized controlled clinical trials that study early motion of joints 

surrounding any extra-articular hand fracture. Therefore, the impact of early motion on either the healing 

status of the fracture or the functional status of the affected person has not been clearly established. Well-

conducted, randomized controlled clinical trials (RCTs) are needed before any definitive conclusions can be 

41 



Chapter 3 - Systematic Review of the Literature 

drawn regarding either the efficacy or effectiveness of early motion interventions for any healing extra

articular hand fracture. 

3.7 CLINICAL RELEVANCE 

Based on the findings from this systematic review, there is currently a lack of scientifically valid clinical 

evidence (level I or II evidence) to either support or refute the use of early regional joint motion following 

any extra-articular hand fracture. However, further trials in this area are warranted as findings to date show 

a consistent potential for benefit with no significant risk of harm when early regional joint motions are 

incorporated into the management of closed, extra-articular, finger metacarpal fractures. It has not been 

established if early motion interventions will have similar effects on health outcomes following a closed, 

extra-articular fracture in a thumb metacarpal or any digital phalangeal bone. Nor has the effect of early 

motion interventions on health outcomes been established in any extra-articular hand fracture managed 

with an open reduction and / or additional fracture hardware fixation. 

3.8 ADDITIONAL RELATED COMMENTS 

Since the publication of a version of this chapter in early 2004, two additional studies have been 

subsequently published that relate directly to this systematic review. As mentioned above, the Poolman et 

al Cochrane review (2005)37 has been completed and published. The stated purpose of this review was to 

compare functional treatment (early motion) with immobilization and to compare different periods and types 

of immobilization for the treatment of closed fifth metacarpal fracture in adults. Their review included five 

studies involving 252 people. 

Two of the studies in the Poolman et a l 3 7 review were also included in our review (Braakman 1998 and 

Kuokkanen 1999). They also included two other studies (n=100, all closed 5 t h metacarpal neck fractures) 

that would have met our inclusion criteria. One that was published by Statius Muller et al (2003)38 [n=40] 

after the completion of our study and another detailed conference abstract found in the 1999 American 

Academy of Orthopedic Surgeons conference proceeding by Anand et al (1999)3 9 [n=60] that we missed 

and that is no longer directly accessible on-line. Both of these studies compared cast immobilization to a 

non-restrictive compression bandage and found faster functional recovery in the fractures managed with 

early motion.37-39 As well, they included one study (Harding 2001) that did not meet our inclusion criteria 

because it did not compare early motion alternatives to immobilization, but rather compared two different 

early motion alternatives (buddy taped and molded fracture brace). Not surprisingly, given the similarity of 

their review and this systematic review they came to a similar conclusion. Specifically they concluded that 
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no studies reported on their primary outcome of interest (a validated measure of hand function), that the 

included studies were of limited quality and size and that there was heterogeneity between the studies. 

Therefore, they could not recommend one non-surgical treatment option as superior to another in the 

treatment of closed fifth metacarpal neck fractures and that further research is definitely warranted. 

The subsequent formal inclusion and independent review of the two additional poor quality studies (n=100) 

that would have met our inclusion criteria is not warranted as it would not change our overall finding that 

there is currently a lack of scientifically valid clinical evidence (level I or II evidence) to either support or 

refute the use of early regional joint motion following any extra-articular hand fracture. However, these two 

additional studies do add further strength to our original statement that further trials in this area are 

warranted as findings to date (in now 8 independently conducted Q-RCTs) show a consistent potential for 

benefit with no significant risk of harm when early regional joint motions are incorporated into the 

management of closed, extra-articular, finger metacarpal fractures. 
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C H A P T E R 3 : T A B L E S 

T a b l e 3 - 1 : Primary and Secondary Health Outcomes of Interest 

F r a c t u r e H e a l i n g S t a t u s F u n c t i o n a l S t a t u s 

P r i m a r y 
Time to Union - a standardized measure 

of time to clinical or bony union. 

Test Score - Standardized Hand 

Function Test or Health Related Quality 

of Life Test Instrument. 

S e c o n d a r y 

Mal-union - rotational, angular, 

shortening. 

Non-union - > 6 months with no 

evidence of solid bony union. 

Secondary Medical Interventions -

Repeat closed reduction, analgesic 

prescription, antibiotic prescription, 

secondary wound care. 

Secondary Surgical Interventions -

Secondary open reduction, Osteotomy + 

/ - bone graft, Capsulotomy, Tenolysis. 

Mobility (hand, fingers, thumb). 

Functional Strength (grip, pinch). 

Pain. 

Swelling. 

Cosmetic Appearance. 

Patient Satisfaction. 

Personal Activities of Daily Living (ADL). 

Instrumental Activities of Daily Living 

(IADL). 

Time to Return to Normal Activity (Work, 

Sport). 

Health Care Costs. 
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T a b l e 3 - 2 : E ectronic Databases Searched 

S e a r c h S t r a t e g y 

D I A L O G - Basic Index Search (No limit Year/ 

Language) 

O S H - R O M : databases searched 

D a t a b a s e s 

MEDLINE 1966-2002/JAN; EMBASE 1974-

2001/Dec; Biosis Previews(R) 1969-2001/Dec; 

SciSearch(R) Cited Ref Sci 1990-2001/Dec 

RILOSH; MHIDAS; HSELINE; CISDOC; 

NIOSHTIC2. 
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Table 3-3: Fugitive Literature Sources 

Search Strategy Databases / Sources 

Centre for Health Services & Policy Research 
In-house database / Directory Library Catalog; HealthCare Standards (ECRI 

Directory) 

Cochrane Library; LILAC Database; PEDro 

Database; HSRProj (NLM); Dissertation Abstracts; 
Commercial databases HTA Database; National Research Register; 

Current Controlled Trials, metaRegister; TRIP 

database 

AMICUS (National Library of Canada); Australian 

Web library catalogues 
National Library Catalog; British National Library; 

Web library catalogues 
National Library of Medicine LocatorPlus; CISTI 
Library Catalog 

Clinician (surgeon and therapist) experts in the area 

Expert and Trialist (e-mail and / or fax contact) 
of fracture management. Corresponding authors for 

Expert and Trialist (e-mail and / or fax contact) 
registered clinical trials identified as potentially 
related to this review. 

Internet peer-reviewed sites OMNI, Medical Matrix 

Internet search engines Google, Alta Vista 

Reference List review - Related Hand Therapy and 

Surgery: Clinical Articles / Chapter / Narrative 
Hand Search (1990-2001) 

Surgery: Clinical Articles / Chapter / Narrative 
Hand Search (1990-2001) 

reviews; Conference Proceedings (AAHS, ASSH, 
ASHT, IFSHT) 

Centre for Health Services & Policy Research 
In-house database / Directory L i b r a r y Catalog; HealthCare Standards (ECRI 

Directory) 
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STUDY CHARACTERISTICS FRACTURE CHARACTERISTICS REPORTED HEALTH OUTCOMES 

Kuokkanen (1999) 
Design: Q-RCT 
Comparison: Plaster Cast Vs. Elastic 
Compression Bandage 
Immobilization Duration: 4wks 

Enrolled: N = 29 (14 / cast; 15 / elastic 
compression) 
Completed: 29 @ 4wks & 3 mths 
(100%) 
Ages: 11-68 (mean 29) 
Males: 26 (90%); Females: 3 (10%) 

MC (subcap): 100%, D5:100% 
Fractures Included: Single, closed, 
< 70 degrees, no lateral or rotational 
deformity 
No Reduction: 48% (all elastic) 
Closed Reduction: 52% (al! cast) 
Baseline Alignment: 
Elastic (48°) > cast (35°) P<0.02. 

Time to union: no difference @ 4 wk and 3 mths. 

Mal-union: No change either group over time (0 - 3 weeks). 
Mobility: (MCP and PIP joints). 
@4wks: Elastio Cast group. MCP: Elastic 81° (45-90) > Cast 
57° (10-100). P - 0.02; PIE Elastic 95'3 (85-105) > Cast 85° (65-
100). P = 0.02 
@ 3 mths: No difference. All ~ 100%. 
Strength: Grip dynamometer (% - affected / healthy side). 
@ 4 wks: Elastic (84%) > Cast (62%). P= 0.002; @ 3 mths: No 
difference. All > 90%. 

Braakman (1998): 
Design: Q-RCT 
Comparison: Ulnar Gutter Cast Vs. 
Taping (buddy taped fingers / tape 
strapping around hand) 
Immobilization Duration: 4 wks 
Enrolled: N = 50 (25/ 2 groups) 
Completed: 48 (96%) @ 6 mths. 
Ages: 14-44 (mean 26). 
Males: 43 (90%}.: Females: 5 f'0%) 

MC: 100% Location not reported. 
D5:10Q% 
Fractures included: closed., single, 
<A fragments. 
No Reduction: 44 (92%) 
Closed Reduction: 4 (8%) 
Baseline Alignment: Same 

Mobility: (Deficit - composite digital motion) 
@ 1wk: Extension deficit cast (12.5°} > tape (2.7°): PO.00G2; @ 
4 wk: Extension deficit, cast (8.2e) > tape (0°) P< 0.009; @ 3mihs 

and 6 mths: No difference. (3mth ~ 80%: 6 mths -100%). 
Strength: (Six strength measures - data points not reported) @ 

1wk: .All (except pronalon torque). Tape > cast. P< 0.01; @ 4 

wks: All. Tape > cast. P < 0.002; @ 3mths and 6 mths: No 
difference. All ~ 80% @ 3-mths and ~100% @ 6-mihs. 
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Hansen (1998): 
Design: Q-RCT 
Comparison(s): 
Ulnar Gutter Cast Vs. Basic 
Compression Bandage Vs. Semi-Rigid 
Custom-molded Fracture Brace 
Immobilization Duration: 4wis 
Enrolled: N = 105 (35 / 3 groups) 
Completed: 85 @ 4wxs (81 %); 79 @ 3 
mths (75%) 
Ages / Sex: Not reported 

MC (neck): 100% 
D4 and D5: proportion not reported. 
Fractures Included: closed, single, 
<60 degrees. 
No Reduction: 100% 
Baseline Alignment: not reported 

Mobility: (Mean loss MCP joint motion) 
@ 4wks: Cast (208), > Elastic (10°» Brace (0*>) P< 0.05. 
@ 3 mths: Elastic (10s) > Cast (0°)= Brace(0°). P <0.05 
Pain: VAS (0-10). @4wks: Elastic (2.7) > Brace (1.8) and Cast 
(1.5). P < 0.05; @ 3 mths: Not measured. 
Fracture Tenderness: (0-3). @ 4 wks: No difference; @ 3 mths: 

Not measured. 
Patient Satisfaction: @ 4 wks: Not measured; @ 3 mths: 82-
98% all three groups either Satisfied or Fully Satisfied. 

McMahon (1994} 
Design: Q-RCT 
Comparison: Plaster Slab Vs. Snug-
fitting Compression Glove 
Immobilization Duration: within week 
2 (mean 9 days, range 6-13 days) 
Enrolled: N = 42 (21 / 2 groups) 
Completed: 42 @ 2,3, &. 4 wks: 
(100%) 
Ages: 18-80 (mean 271 cast; 35 / 
elastic compression) 
Sex: Not reported 

MC (shaft): 100% 

D2-5: proportion not reported 
Fractures Included: Single, closed, 
stable (<50% displacement, < 40 
degrees). 
No Reduction: 100% 
Baseline Alignment: not reported 

Mobility: (Deficit - compared to norm of 270^ Clinical significance 
=30° difference between groups 
<§ week 2: 28* difference (95% C11048 difference) Cast > 
Elastic. P = 0.0036; @ week 3:23° difference (95% C110-35 
difference) Cast > Elastic. P = 0.001; @ week 4:8° difference 
(95% CI -3-20) Cast > Elastic. Significance not reported 
Swelling: (PIP circumference and Hand Volume) @ week 2: PIP 

circumference: 2.3 mm difference (95% CI 0.5 - 4.1). Cast > 
elastic. P = 0.019; Hand Volume: 23 ml difference. (95% CI 343). 
Cast > Elastic P = 0.029 
@ week 3: No difference.; % week 4: No difference. 
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Sorenson (1993} 
Design: Q-RCT 
Comparison: 
Plaster Cast Vs, Commercial 3-point 
Metacarpal Fracture Brace. 
Immobilization Duration: 4wks 
Enrolled: N = 133 (68 / cast; 65/ 
brace) 
Completed: 82 @ 4wks & 3 mths 
(62%). 

Ages: 10-20 = 40%: 21-30 = 28%; > 
31 = 35% (mean not reported). 
Mates: 112 (84%); Females: 21 (16%) 

MC: (n=140) 100% 8% - base; 43% 
-shaft:49%-neck/head D2-10% 
lOJ-11%; 04-28%; 05-51% 
Fractures Included: Single and 
multiple, closed. 
No Reduction: 83% overall (69% 
brace. 93% cast) 
Closed Reduction: 17% overall 
(31% brace, 7% cast) 
Baseline Alignment: 
Brace 2T3 (range 0-60) > Cast 11° 

(range 045). P< 0.05 

Mobility: (% of group with deficit - data points or ranges net • 
reported). % 4 wks: 4% Brace Vs 31% Cast had reduced mobility. 
P < 0.01: § 3mth$: No difference, all -100% 
Patient Satisfaction: § 4 wks: Not reported: % 3 mths: No 
difference. 72 - 89% satisfied or very satisfied. 
Drop-outs (Excluded from analysis): 
Total Dmc<mis: Brace 38 / 65158%) > Cast 13 / 68 (19%). P < 
0.01, 
SuhomuB - Skin Pressure Problems: Brace 17 / 65 (26%) > Cast 
0 / 68 (0%). Significance not reported 
Suhorouo - other mo-mis (non-comoUance. secondary suratcal 

Sorenson (1993} 
Design: Q-RCT 
Comparison: 
Plaster Cast Vs, Commercial 3-point 
Metacarpal Fracture Brace. 
Immobilization Duration: 4wks 
Enrolled: N = 133 (68 / cast; 65/ 
brace) 
Completed: 82 @ 4wks & 3 mths 
(62%). 

Ages: 10-20 = 40%: 21-30 = 28%; > 
31 = 35% (mean not reported). 
Mates: 112 (84%); Females: 21 (16%) 

MC: (n=140) 100% 8% - base; 43% 
-shaft:49%-neck/head D2-10% 
lOJ-11%; 04-28%; 05-51% 
Fractures Included: Single and 
multiple, closed. 
No Reduction: 83% overall (69% 
brace. 93% cast) 
Closed Reduction: 17% overall 
(31% brace, 7% cast) 
Baseline Alignment: 
Brace 2T3 (range 0-60) > Cast 11° 

(range 045). P< 0.05 ooorm: Brace 21 / 85 (32%) Vs. Cast 13 / 68 (19% I Significance 
not reported. 

KpMadseni1990) 
Design: Q-RCT 
Comparison: 
ImmoMizatbn Cast Vs. Plaster 
Fracture Brace {molded around hand / 
metacarpals) 

MC (shaft or neck): 100% 

2£8%:M10%;M22%;2£ 
60% 
Fractures Included: Single, closed 
No Reduction: 23% 

Malunion: No change either group over time (0-3 weeks). 
Mobility: Mean toss - Wrist. MCP and PIP joints. 
§ 3wks: All joints - Cast > Brace.(P< 0.05). 
Wrist: Cast 56% with mean loss of 25° > Brace 8% with mean 
loss of 1 tfi; MCP: Cast 48% with mean loss of 20° > Brace 28% 



Table 3-4: Detailed Summary of Study and Fracture Characteristics and Reported Health / Functional Outcomes (con't) 

Immobilization Duration: 3wks Closed Reduction: 77% with mean toss of 20°; PIP: Cast 32% with mean loss of W > 

Enrolled: N= 100 (50 / 2 groups) Baseline Alignment: Brace 4% with mean loss of 10° 
Completed: 100 @ 3 wte (100%) Cast (27°) > Brace (18*). PO.01. @ 3mths: Significance not reported. 

93 @ 3 mths (93%) Wrist and PIP. both aroups full mobility: MCP: Cast 10% with 
Ages: 12-22 {mean 22} mean loss of 10° > Brace 0 % with loss of mobility. 
Sex: Not reported Strength:_% of contra-lateral side. 

@ 3wks: Cast (68%) < Brace (81%). (P <0.01). 
@ 3mihs: No difference, all ~ 100%. 
Time to RTW: Mean days until return to workplace (student, 
white-collar., light-equipment;, heavy-construction). 
Results: Brace < Cast (P <0.05) Al! four work categories, brace 
returned to work ~2/3 faster. Student: 1 (1 -3) < 7 (1-21) days. 
White Collar: 7 (1-10) < 21 (14-27) days. Uoht- equipment: 10 (1-
28) < 24 (21-30) days. Heavy- construction: 8 (7-21) < 21 (10-27) 
days. 
Cosmetic Appearance: Cast (38%) > Brace (12%) report poor 
cosmetic appearance. Significance not reported;. 



Strong evidence - Systematic Review 
(or Meta-analysis) ALL RCT's 

Strong evidence ->1 good quality RCT 

Consistent evidence - Q-RCT, 
CCT (non-randomized design) } 

Evidence-Based 
Practice Decisions 

Future Research Directions 

Consistent evidence - Case-
series 

Case-reports, Consensus 
& Expert Opinion 

LEVELS OF EVIDENCE TYPES OF EVIDENCE EVIDENCE BASED DECISIONS 

re 3-1: Levels and Types of Clinical Evidence: Evidence-based practice decisions are generally based on scientifically validated evidence 
derived from Level I or Level II clinical evidence. Level III evidence provides direction for future research 6>7 
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F i g u r e 3 - 2 : Overall Methodological Quality And Internal Validity Scores As Determined By An Evaluation 
Of 18 Study Design Items Within 5 Domains Of Interest (Patient Selection, Interventions, Protocol 

Violations, Outcome Evaluation And Analysis). Overall quality was based on all 18 items, whereas, internal 
validity was based on 11 of the 18 items. 1 8 ' 1 9 
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CHAPTER 4: INCIDENCE AND DEMOGRAPHICS OF HAND FRACTURES IN BC: A BC LINKED 

HEALTH DATASET INQUIRY* 

4.4 RESEARCH QUESTION ADDRESSED IN THIS CHAPTER 

Who is at risk for sustaining a hand fracture in BC? 

4.5 INTRODUCTION 

Next to forearm fractures, fractures in the hand are the second most common fracture, accounting for up to 

20% of all fractures.12 There are many studies that discuss hand metacarpal and phalangeal fracture 

incidence and demographics.1-24 However, the numbers presented for hand fracture incidence and 

demographics vary markedly. The reason for this variability is that none of these studies is a true 

population based epidemiologic study that specifically examines all instances of a hand fracture occurring 

within a whole population. Such a study would include hand fractures of all ages, treated in any medical 

setting, by any medical professional, within a large geographic area of diverse climactic and socio

economic regions. 

The objective of this study was to identify population based hand fracture incidence rates and 

demographics from all occurrences of residents seeking treatment for a hand metacarpal or phalangeal 

fracture during the five year time period from May 1, 1996 to April 30, 2001 in British Columbia (BC), 

Canada. Our specific research goals were to identify: 1) the number of hand fractures occurring each year, 

2) the age and gender distribution for hand fractures, 3) any seasonal variation, and 4) any geographic 

variation. 

4.6 MATERIALS AND METHODS 

This study was a population based epidemiologic study involving a five year, retrospective review, of all BC 

residents identified with hand fractures in the British Columbia Linked Health Database (BCLHD). The 

BCLHD contains comprehensive linked longitudinal population health and social service data for all BC 

residents. The data are maintained by the Center for Health Services and Policy Research (CHSPR). 

These data are available for Ministry of Health (MoH) approved applied health service and population 

A version of this chapter has been published. Feehan LM, Sheps S. Incidence and Demographics of Hand Fractures in British 

Columbia, Canada: A Population Based Study. J Hand Surg 2006; 31 A(7): 1068-1074. This chapter has also received Ministry of 

Health Approval. 
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health research projects.25 This study was approved by the MoH and received institutional clinical research 

ethics approval. (See Appendix 4-1) 

This study utilized extracted data records from the BCLHD Medical Service Plan (MSP), Hospital 

Separation (HS) and the MSP Registration (Registry) data sets. The MSP dataset contains records of all 

payments made to registered practitioners for medical services provided to BC residents. The HS dataset 

contains records for every hospital separation (acute, day-surgery, rehab, extended care). The Registry 

dataset includes individual demographic data, such as date of birth (yyyy, mm), gender (male, female) and 

regional geographic location (Health Authority). The Southwest corner of the province including the 

Vancouver Coastal and Fraser Health Authorities is mostly urban, and higher educational levels and a 

primarily service based industry. The Northern half (Northern Health Authority) is mostly rural, less affluent, 

and less educated, with a primarily resource based industry.26 

All MSP and HS records from May 1, 1996 to April 30, 2001 including the International Classification of 

Disease, version 9 (ICD-9) codes for Metacarpal (815), Phalangeal (816) and Multiple (817) fractures were 

extracted, along with the individual registry demographic records linked to each hand fracture identified 

during this time period. The retrieved data included 7,460 [4460 - day-surgery; 3000 - acute] HS records, 

232,608 MSP records and 72,481 Registry records. Each record in each of these three retrieved datasets 

contained a unique study identification code. This unique identification code was then used to re-structure, 

merge and re-organize the data contained in the three administrative datasets into one synthesized 

research database for further data extraction and analyses. The research database contained all the 

merged information for each hand fracture that occurred during the time period of this study. BC total 

population, including regional geographic age and gender demographic data for July 1 s t for all the years 

covered in this study (1996 to 2001). 2 6 

4 . 7 R E S U L T S 

4.7.1 A n n u a l F r e q u e n c y a n d I n c i d e n c e R a t e s 

Over the five year time period, 72,481 (seasonally weighted and annualized to 86,911) metacarpal, 

phalangeal or multiple hand fractures were identified. Of these fractures 50% were phalangeal fractures, 

42% were metacarpal fractures and 8% were identified as multiple hand fractures (see Appendix 4-1). The 

yearly mean frequency for all hand fractures from 1996 to 2001 was 14,485 / year [95% Cl: 13,533 -

15,437], The yearly mean frequency for metacarpal, phalangeal and multiple hand fractures for this same 
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time period were respectively; 6,060 / year [95% CI: 5,417 - 6,703]; 7205 / year [95% CI: 7,055 - 7,355] 

and 1,221 / year [95% CI: 947 -1,495], (See Table 4-1) 

The overall mean yearly incidence rate for all hand fractures was 3.63 / 1000 [95% CI: 3.28 - 3.99]. Total 

population annual incidence rates for Phalangeal, Metacarpal and Multiple hand fractures were respectively, 

1.81 /1000 [95% CI: 1.72-1.89], 1.52/ 1000 [95% CI: 1.31-1.73] and 0.31 /1000 [95% CI: 0.24-0.38]. 

(See Appendix 1) These data indicated a downward trend in annual incidence rate for hand fractures during 

this time period, specifically for metacarpal fractures (mean annual % change = - 3%). (See Figure 4-1) 

However, a Poisson regression analyses for a downward trend over the six years was not significant for 

any type of fracture. (Likelihood Ratio < 0.03, p =.99) 

4.7.2 Age Distribution / Incidence Rates 

Age Distribution / Incidence Rates: The age range was less than one year old up to 106 years old with the 

average age for a hand fracture being 31 years of age (SD: +/-19). The median age for the hand fractures 

was 27 years and the modal age was 14 years. (See Table 4-2) Age specific incidence rates show that 

there was a distinct unimodel and positively skewed distribution for hand fracture incidence rates, peaking 

in early adolescence [10 to14 (8.69 / 1000)] and remaining high throughout adolescence [15 to 19 (8.26 / 

1000)]. After the age of twenty there was a progressive reduction in incidence rates over each decade until 

the age of 65 [65 to 69(1.82 /1000] followed by a slight increase again after the age of 70. (See Figure 4-2) 

Male vs. Female Age Distribution: The range for male fractures was less than one year old up to 99 years 

old with the mean age being 29 years of age (SD: +/-17) The median age for all hand fractures in males 

was 25 years and the modal age for sustaining a hand fracture in males was 14 years. In females the 

range was less than one year old up to 106 years old with the mean age for female fractures being 35 

years of age(SD: +/- 22). The median age for all hand, fractures in females was 32 years and the modal 

age for sustaining a hand fracture in females was 13 years. (See Table 4-3) 

4.7.3 Gender Distribution / Incidence Rates / Relative Risk 

Males sustained 67% of all hand fractures with a breakdown of 72%, 64% and 64% for metacarpal, 

phalangeal and multiple hand fractures respectively. (See Table 4-3 and Figure 4-3) Gender specific 

incidence rates show that males in BC were at a 2.08 greater relative risk for sustaining any hand fracture 

than females [4. 85 vs. 2.33 / 1000], Males were at a 2.58 greater relative risk than females for sustaining a 
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metacarpal fracture [2.16 vs. 0.84 /1000], and were at a 1.8 greater relative risk than females for sustaining 

both phalangeal [2.32 vs. 1.28 /1000] and multiple [0.37 vs. 0.21 /1000] hand fractures. (See Table 4-3) 

4.7.4 Age and Gender Adjusted Incidence Rates / Relative Risk: 

For males, the highest incidence for sustaining a hand fracture was between the ages of 15 to 19 [12.3 / 

1000]. In the female group the highest incidence was between the ages of 10 to 14 years [5.3 / 1000 

females]. (See Table 4-4 and Figure 4-4) Age and gender adjusted rates showed that males remained at 

a relatively greater risk for a hand fracture than females up until the age of 60, whereas, females began to 

show a greater relative risk for a hand fracture after the age of 65. Male peak relative risk was 3.38, 

occurring between the ages of 20 to 24. Female peak relative risk occurred between the ages of 80 to 84 

when they are 1.53 times more likely to sustain a hand fracture than are males of the same age. (See 

Table 4-4 and Figure 4- 4) 

4.7.5 Seasonal Variation 

The hand fracture incidence rates were significantly higher in the spring [1.00 / 1000; 95% Cl: 0.92 - 1.08] 

than in the fall or winter at [.84 / 1000; 95% Cl: 0.78 - 0.89]. Summer had the second highest seasonal 

rate at .92 / 1000 [95% Cl: 0.86 - 0.97]. (See Figure 4-5) The seasonal variation in hand fractures rates 

was not influenced by either gender or geographic location. When examined across age category, during 

adolescence (ages 10 to 20: the age group when hand fractures were the most common), seasonal 

incidence rates were lower during the summer (1.8 / 1000) when compared to the winter (2.1 / 1000), 

spring (2.4 /1000) or fall (2.2 /1000). (See Figure 4-6) 

4.7.6 Geographic Distribution 

Compared to overall population incidence rates [3.63 / 1000; 95% Cl: 3.28 - 3.99] there were significantly 

higher incidence rates for hand fractures in the Northern HA [4.57 / 1000; 95% Cl: 4.01 - 5.05] and 

significantly lower rates for hand fractures in the Vancouver Coastal HA [2.76 /1000; 95% Cl: 2.47 - 3.03], 

The Fraser, Interior and Vancouver Island HAs had incidence rates very similar to the overall population 

rate in BC. (See Figure 4-7) Geographic variation was not affected by gender. Age adjusted rates showed 

that the increased hand fracture incidence seen in the Northern HA relative to the other four health 

authorities was apparent from the age of 10 and higher. Lower hand fracture incidence in the Vancouver 

Coastal HA relative to the other four health authorities was most apparent between the ages of 10 to 55. 

(See Figure 4-8) 
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4.8 DISCUSSION 

This study is unique as it was a true population based epidemiologic study that specifically examined all 

instances of hand fractures occurring across a whole population, treated in any medical setting, by any 

medical professional, within a large geographic area of diverse climactic and socio-economic regions. 2 6 

Other related studies are not necessarily reflective of population based rates due to limited access to 

complete population based data. Most of these studies report epidemiologic data derived from one or more 

emergency room and / or inpatient hospital settings, usually in geographically restricted areas. 21>22-

14,16,17,19,20-22,24. [n addition, the selection criteria were often restricted by age for inclusion to either pediatric 

(<20), or adults (>20) fractures, 1>9-1.22,14-18,23,24 a n c j / o r w e r e limited by the type of medical practitioner 

providing the care. 1,6,11,18,23. Therefore, it is likely that these studies only present a partial picture of the full 

spectrum of hand fractures that can occur within a whole population. 

Age and gender were both important factors for defining risk for sustaining a hand fracture in BC. In our 
study the annual incidence rates ranged from 29 / 10,000 for people over 20 years old to 61 / 10,000 for 
people < 20 years old. Adolescents were most at risk of sustaining a hand fracture and this risk remained 
elevated into young adulthood (ages 20 to 25). Males sustained 67% of all the hand fractures and were at 
a 2.1 greater relative risk for sustaining a hand fracture than were females. Male peak relative risk for a 
hand fracture occurred between the ages of 20 to 25, and remained higher relative to females up until the 
age of 60. These findings are similar to age and gender hand fracture and hand injury patterns described 
in other studies, 2,8,9,22,23,27 

Increased hand fracture incidence during adolescence and young adult years, with a noted gender specific 

increased risk for adolescent and young adult males, was likely due to increased behavioral risk factors, 

such as participation in higher risk recreational, sport and occupational activities. 5,7,8,21,27 A marked 

increase in risk for a hand fracture in early adolescence for both genders, with girls peaking at 13, one year 

earlier than boys, may be explained in part by an additional biologic risk factor. Increased bone fragility in 

adolescents has been previously described and occurs during the lag time between the most rapid period 

of growth in length and the subsequent re-modeling and re-mineralization of the long bones following 

growth.28-31 An increased risk for fractures in male adolescents may also be explained in part by a biologic 

gender difference in long bone cortical bone structural (geometric) and material (density / porosity) 

properties that may leave long bones in adolescent males more susceptible to fracture during this rapid 

bone development time period. 3 2 
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Findings from our study also suggest that adult males carry an increased occupational risk for a hand 

fracture throughout adulthood, lasting until the age of 60, around the age of retirement. Again, this is likely 

due to males working in the heavier or high-risk manual laborer type jobs, especially during their younger 

and middle adult years (20 to 40 years). An increased relative risk for elderly females (> 65) suggests that, 

as with the more common fractures in the elderly, age related osteoporotic changes leading to increased 

bone fragility may also be a contributing biologic risk factor for a hand fracture in elderly women. 2 ' 6 ' 1 6 ' 1 9 ' 2 3 

There was also a notable seasonal variation in hand fracture incidence in BC, where hand fracture rates 

were highest during the spring and summer seasons when the climate in general favours greater outdoor 

activities. This was most notable during the prime working years (ages 20 to 45). Throughout adolescence, 

however, when hand fracture risk is the highest, an interesting finding was a noted decrease in hand 

fractures rates during the summer season, compared to spring, fall and winter seasons when adolescents 

are more likely to be involved in outdoor school and sporting activities. There was no difference in hand 

fracture rates across seasons in people over 60, suggesting that falls associated with icy winter conditions 

are not a significant risk factor for hand fractures. 

In our study there was no marked difference in gender, age, or season specific incidence rates between the 

Northern half and the South-western corner of the province. However, there was a 1.6 greater relative risk 

for sustaining a hand fracture in the Northern region. This finding suggests that key socio-economic 

differences in these two regions such as rural vs. urban living, primary goods vs. secondary service based 

industry, as well as income, occupation, education and employment status may be contributing risk factors 

for sustaining a hand fracture.26 Cooper et al (2004),1 have also noted a very similar geographic difference 

in hand fracture incidence rates in children (<18) in which there is up to a 1.6 increased rate for hand 

fractures in Northern Ireland, Scotland, Wales and England compared to the South Eastern region of 

England. Stark et al (2002), 3 3 also demonstrated a significantly higher incidence of hand fractures in 

economically deprived children in Glasgow, Scotland compared to those from affluent families. Jones S, et 

al (2004),3 4 also noted a 1.6 increased overall fracture risk for socio-economically deprived adults in Wales 

between the ages of 25 and 54. 

Hand fracture annual incidence rates reported in the literature have been quite variable, ranging from a rate 

of 18 / 10,000 for adults (>20) in the United Kingdom (van Staa et al; 2001 23) compared to a rate of 77 / 

10,000 for children (< 14) in South Wales (Lyons et a l ; 2000 15). Much of the difference can be attributed 

to differences in age for inclusion in the study. Another factor for the variability in incidence rates across 
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studies could be a selection bias due to restricted data sources and / or limited geographic area for data 

sampling from within the larger population. 

There are also a number of potential limitations of a study based on a retrospective review of administrative 

health care datasets. In our study, the primary assumption was that all residents in BC with a clinically 

significant hand metacarpal or phalangeal fracture would seek acute medical attention for treatment of their 

fracture through the publicly administered universal Canadian health care system. The second premise 

was that the health care data records retrieved for this study accurately identify all occurrences of treatment 

for a hand fracture in BC. 

There are three issues regarding the potential accuracy of the data utilized in this study. The first is the 

issue of potential misdiagnosis of a hand fracture by medical professionals in BC. Our premise is that the 

misdiagnosis of a clinically significant hand fracture is unlikely. X-ray imaging is a definitive tool used to 

diagnose a clinically significant hand fracture and it is inexpensive and readily accessible by all medical 

professionals in BC. The second issue relates to potential mislabeling of the diagnostic coding for hand 

fractures in the datasets. In this study we were able to verify the consistency of ICD-9 coding for hand 

fractures from multiple health care records, often derived from different health care providers in different 

health care settings. Finally, there is the potential for missing ICD-9 codes entirely and therefore not 

retrieved for this study. Fortunately, ICD-9 coding is a mandatory field in both the MSP and Hospital 

Separation datasets. In addition, if a mandatory field is missing in the MSP record the payment it is not 

processed; a strong motivating factor for inclusion. 

Given the limitations of the database, we were also not able to specifically define which metacarpal or 

phalangeal bone(s) were fractured, the location of the fracture in the bone, the fracture pattern sustained, 

whether or not the fracture was open or closed, the mechanism or setting of injury, or any other regional or 

systemic trauma associated with the hand fracture. Finally, the ability to generalize this study's finding to 

geographic areas other than British Columbia, Canada is also difficult to define clearly. However, we feel 

that these data would be applicable to all regions in Canada given the universal health care system and the 

similarity in population demographics, key socio-economic indicators, geography and climate. Similarly, 

we feel that the total population, age and gender adjusted rates are also likely to be reflective of hand 

fracture rates in other countries in the world with similar population demographics, climactic zones and 

levels of socio-economic development as Canada. 
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4.9 SUMMARY 

Our study provides robust estimates of annual incidence rates for hand fractures, as we were able to 

review all occurrences of a hand fracture within a population base of approximately 4 million people over a 

five year time period. Moreover, our study also allowed for the examination of how age, gender, season 

and geographic location influenced hand fracture incidence rates within a large, diverse population. Hand 

fractures are the second most common fracture in both children and adults, resulting in a significant 

societal burden both in terms of health care utilization and lost socio-economic productivity. Population 

based epidemiologic data can help health care providers plan for the provision of care for hand fractures. 

Finally, a better understanding of biologic, behavioral and socio-economic risk factors potentially associated 

with a hand fracture can help identify those individuals most at risk for a hand fracture (eg: adolescent 

males) and thus define potential preventative measures to help reduce the incidence of hand fractures in 

BC. 
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Table 4-1: Seasonally Weighted Annualized Data - Frequency & Incidence Rate /1000 people for all Hand Fractures (N=86,911). 

Metacarpal Phalangeal Multiple All 

Year July 1 Pop. Frequency Incidence Frequency Incidence Frequency Incidence Frequency Incidence 
1996 

(annualized) 3,874,276 8,844 1.71 7,288 1.88 1,394 0.36 15.306 3.95 

1997 3,948,544 6.321 1.60 7,319 1.85 1,321 0.33 14,961 3.79 

1998 3,983,077 6,031 1.51 7,131 1.79 1,225 0.31 14,387 3.61 

1999 4,011,342 5,858 1.46 7,245 1.81 1,035 0.26 14,138 3.52 

2000 4039,198 5,804 1.44 7,111 1.76 1,036 0.26 13,951 3.45 
2001 

(annualized) 4,078,447 5,701 1.40 7,156 1.75 1,313 0.32 14,168 3.47 

Total 23,934,884 36,359 n/a 43,230 n/a 7,324 n/a 86,911 n/a 

% of All 
Fractures n/a 42% n/a 50% n/a 8% n/a 100% n/a 

Mean 3,989,147 6,060 1.52 7,205 1.81 1,221 0.31 14,485 3.63 
Upper 
95% Cl n/a 6,703 1.73 7,355 1.89 1,495 0.38 15,437 3.99 

Lower 
95% Cl 

n/a 5,417 1.31 7,055 1.72 947 0.23 13,533 3.28 



T a b l e 4 - 2 : Descriptive Statistics 

Chapter 4 - Incidence and Demographics of Hand Fractures 

-Age at Fracture (N=72,361). 

A L L F e m a l e s M a l e s 

N 72,361 23,715 48,573 

M e a n 31 35 29 

M e d i a n 27 32 25 

M o d e 14 13 14 

S t d . D e v i a t i o n 19 22 17 

M i n i m u m <1 <1 <1 

M a x i m u m 106 106 99 

% 100% 33% 67% 

T a b l e 4 - 2 : Gender x Type of Fracture - Annual Frequency, Incidence Rate and Relative Risk M:F 

(N = 57,345). 

M e t a c a r p a l P h a l a n g e a l M u l t i p l e A l l 

M e a n 
A n n u a l 

F r e q u e n c y 

F e m a l e 
1689 

(1626-1752) 
2581 

(2505-2657) 
413 

(311-515) 
4682 

(4298-5066) 

( 9 5 % C l ) M a l e 
4300 

(4177-4423) 
4603 

(4453-4753) 
739 

(539-939) 
9641 

(8888-10,394) 

I n c i d e n c e 
R a t e / 1 0 0 0 

F e m a l e 

M a l e 

0.84 

2.16 

1.28 

2.32 

0.21 

0.37 

2.33 

4.85 

R e l a t i v e 
R i s k 

(M/F) 2.58 1.8 1.81 2.08 
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CHAPTER 4: FIGURES 
Chapter 4 - Incidence and Demographics of Hand Fractures 

Incidence Rates for All Types of Fracture / Year 
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Figure 4-1: Seasonally Weighted Annualized Incidence Rates for Hand Fractures. 
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Figure 4-2: Age Distribution for Hand Fractures - Incidence Rates x Age Category. 
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Figure 4-3: Gender Distribution for Hand Fractures - Percent x Type of Fracture. 

15 i 

10 

5 A 

0 

Incidence Rate: Gender X Age Category 
(Mean +/- 95% Cl) 

— • — M a l e s 

- « - - F e m a l e s 

J me 

i 1 1 1 1 r 
I J r - T - M C N r t C O T ' f L?) LO CD CD N- N CO i n 

6 u S 6 u S 6 t o d > u S 6 i o 6 i o < i 10 6 0 0 

T - v - O J C M c O C O T T ^ r LO LO CD CO CO 

Figure 4-4: Annual Incidence Rates for Hand Fractures - Gender x Age Adjusted Rates 
[Mean (+/- 95% Cl)]. 
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Figure 4-5 : Seasonal Variation in Incidence Rates for Hand Fractures [Mean (+/- 95% Cl)]. 
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Figure 4-6: Seasonal Variation: Age Adjusted Rates x Season 
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Incidence Rates x Health Authority 

6.0 

5.0 J 

4.0 

3.0 

2.0 

1.0 

0.0 

2.8 

4.6 

3.7 3 . 7 

i r 
V a n c o u v e r N o r t h e r n F r a s e r V a n c o u v e r 

C o a s t a l I s l a n d 

3.9 

Interior 

Figure 4-7: Regional Variation (by Health Authority) in Incidence Rates for Hand Fractures 
[Mean (+/- 9 5 % Cl)]. 

Regional Variation - Incidence X Age 
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34 39 44 49 54 59 64 69 74 79 84 

Figure 4-8: Geographic Variation: Age Adjusted Rates by Health Authority 
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CHAPTER 5: INITIAL HEALTH CARE UTILIZATION TRENDS FOR PEOPLE TREATED FOR A HAND 

FRACTURE IN BC: A BC LINKED HEALTH DATASET INQUIRY* 

5.1 RESEARCH QUESTION ADDRESSED IN THIS CHAPTER 

Who is providing the initial care for hand fractures in BC and in what clinical setting? 

5.2 INTRODUCTION 

Hand fractures are a common injury, accounting for up to 20% of all fractures in adults and children,1'2 and 

result in a significant societal burden in terms of the impact on acute health care services and lost socio

economic productivity. British Columbia (BC) is Canada's most western province with very diverse 

geographic and socio-economic regions.3 In BC, there are an estimated 14,500 hand fractures occurring 

each year in a population base of approximately 4 million people, with an annual incidence rate of 36 hand 

fractures for every 10,000 people.4 In addition, hand fracture risk in BC is highest in young males between 

the age of 15 and 40 during their most productive working years.4 

Studies examining health care and socio-economic costs associated with hand injuries, not necessarily 

hand fractures specifically, have consistently noted a significant socio-economic burden particularly related 

to lost work-place productivity.5"13 The primary limitation of these studies was data derived from restricted 

data sources, for example only emergency room or trauma registry data, 5 8 ' 9 specialty hand service clinical 

data, in-patient hospital data 7 ' 1 0 ' 1 2 and / or data related to only work-related injuries.6'11'13 No previous 

study has specifically examined acute health care utilization trends for all hand fracture injuries occurring in 

a large, diverse population, across a range of medical settings. 

The purpose of this study was to identify the initial health care utilization trends for all people previously 

identified as having received treatment for a hand fracture during the five year period from May 1, 1996 to 

April 30, 2001 in BC. 4 Our specific objectives were to clarify who initially provided the medical treatment for 

these hand fractures and in which health care setting they provided it. Additionally, we wanted to examine 

the proportion of hand fractures with an associated hospital admission to determine who was admitting 

hand fractures, what type of admissions were occurring, the wait time and length of stay associated with 

* A version of this chapter is to be submitted to the Canadian Medical Association Journal (October 2006). Feehan LM, Sheps S. 

Initial health care utilization for people treated for a hand fracture in BC: A population based study. This chapter has received 

Ministry of Health approval. 
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these hospital admissions, and also to explore if there were any geographic variations in hospital admission 

rates between the five health authorities in BC. 3 

5.3 M A T E R I A L S A N D M E T H O D S 

This study was a population based epidemiologic study involving a five year, retrospective review of 72,481 

residents previously identified from the British Columbia Linked Health Datasets (BCLHD) as having 

received treatment for a hand fracture between May 1, 1996 and April 30, 2001. 4 The BCLHD contains 

comprehensive linked longitudinal population health and social service data for all BC residents. The data 

are maintained by the Center for Health Services and Policy Research (CHSPR) at the University of British 

Columbia. 1 4 These data are available for Ministry of Health (MoH) approved applied health service and 

population health research projects. This study was approved by the MOH and received institutional clinical 

research ethics approval. (See Appendix 4-1) 

This study utilized data from a research database containing merged information for each hand fracture. 

These data were retrieved from the BCLHD Medical Service Plan (MSP), Hospital Separation (HS) and the 

MSP Registration (Registry) data sets. Details of the specific data extraction and syntheses methods have 

been previously described.4 (See Chapter 4.3 - Materials and Methods) The MSP dataset contains records 

of payments made to registered medical practitioners for services provided to BC residents.1 4 The HS 

dataset contains records for every hospital separation (acute, day-surgery, rehab, extended care admission 

and discharge).14 The Registry dataset includes individual demographic data, such as date of birth (yyyy, 

mm), gender (male, female) and regional geographic location (Health Authority).14 In addition, BC total 

population and regional demographic data for July 1 s t for 1996 to 2001 were retrieved.3 For this study a flow 

chart was developed from these data to establish the location of the medical setting and physician 

responsible for the initial fracture treatment, and then to track all fractures with an associated hand fracture 

hospital admission (See Figure 5-1) The specific data definitions used in this study are outlined in Table 5-1. 

This study was conducted in BC in the context of the Canadian Health Care System, which is a federally 

legislated (Canada Health Act) and a provincially and territorially administered, publicly funded, non-profit, 

universally accessible primary health care system. 1 5 ' 1 6 The Canadian Health Care System is accessible to 

Canadian residents and covers primary care physician, specialist, and hospital health care services. 1 5. 1 6 

The primary care physician (either a general or family practice physician) is the main first contact health 

care provider in the Canadian health care system. 1 5>1 6 Canadian residents can directly access a primary 

care physician, for non-specialized preventative and medical health care services. 1 5 ' 1 6 Hospital emergency 
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room services are also directly accessible to Canadian residents and is also a common point of first contact 

into the health care system. Emergency medical room services include urgent and emergent care, as well 

as some basic primary care for those without access to primary care physicians. 1 5 ' 1 6 ' 1 7 In British Columbia, 

specialist medical care is provided on a referral basis. Hospital admissions are the responsibility of a 

primary care or specialist physician who has admitting privileges at the hospital. 1 5 ' 1 6 1 8 In BC, in 2000/1 

there were an estimated 3800 full time equivalent primary care physicians. 1 7 In addition, there were 

approximately 1,000 surgical specialists, including approximately 225 General Surgeons, 175 Orthopedic 

Surgeons and 70 Plastic Surgeons and approximately 3,000 medical specialists (eg: internal medicine, 

emergency medicine) working in BC in 2001. 1 9 

5 . 4 R E S U L T S 

5.4.1 L o c a t i o n o f I n i t i a l T r e a t m e n t 

Ninety seven percent [97%, n=70,092] of individuals treated for a hand fracture in BC were initially seen as 

out-patients. Fifty two percent [52%, n=37,842) received their first documented treatment for a hand 

fracture in a non-hospital based out-patient setting, such as a doctor's office or an out-patient medical care 

clinic. Forty four percent [44%, n=31,772] were first treated in acute care medical setting, such as, an 

emergency room, urgent care or ambulatory care setting. Another 1% [n=489] were treated as an out

patient but the location of the treatment was not indicated in the data file. Only three percent [3%, n=2,389] 

were initially treated for the fracture as a component of a direct in-patient hospital admission. (See Figure 

5-2) 

5 . 4 . 2 I n i t i a l O u t - p a t i e n t T r e a t m e n t P r o v i d e r 

Of those first treated as an out-patient [n=70,092], seventy percent [70%, n=48,762] received their initial 

documented care for their hand fracture from a primary care practioner. Nineteen percent [19%, n=13,296] 

received their initial treatment for a hand fracture by either a plastic or orthopedic surgeon, followed by nine 

percent [9%, n=6,146] initially treated by an emergency medicine physician. Only two percent [2%, 

n=1,228] were first treated by other medical specialists, and less then one percent [<1%, n=365] were 

treated initially by a non-medical specialist, such as, a chiropractor, naturopath, osteopath or therapist. 

(See Figure 5-3) 

5 . 4 . 3 A s s o c i a t e d H o s p i t a l A d m i s s i o n s 

Ten percent [10%, n= 7,482] of people with a hand fracture had an associated hospital admission for hand 

fracture treatment of whom (as noted above) three percent [3%, n=2,389] had their initial fracture 
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management as a component of a direct hospital admission. Thus, seven percent [7%, n=5,093] were 

seen initially as an out-patient with a subsequent hospital admission. The overall provincial annual 

incidence rate for a hospital admission for treatment was 37 admissions per 100,000 people in BC. (See 

Table 5-2) Eighteen percent [18%, 2,442 / 13,800] of people initially treated as an out-patient by a surgeon 

specialist (Plastic, Orthopedic, or General Surgeon) had a subsequent hospital admission. Whereas, five 

percent [5%, 2,651 / 56,292] of people initially treated as an out-patient by a non-surgeon specialist had a 

subsequent hospital admission. (See Figure 5-4) 

5.4.4 T y p e o f A d m i s s i o n 

Sixty percent [60%, n=4,463] of all hospital admissions [n=7,482] were for day surgery care and forty 

percent [40%, n=2,996] were an acute hospital admission. Less than one percent [<0.3%, n=23] of people 

with a hospital admission for hand fracture were treated while staying in an extended care or rehabilitation 

hospital. (See Figure 5-1) The provincial annual incidence rate for an acute hospital admission for 

treatment was 15 acute admissions per 100,000 people in BC, whereas, the provincial annual incidence 

rate for a day surgery admission for treatment was 22 day surgery admissions per 100,000 people in BC. 

(See Table 5- 2) 

5.4.5 P h y s i c i a n A d m i t t i n g t o H o s p i t a l 

Of the individuals who had an acute hospital admission [n=2,996], sixty-five percent [65%, n=1,937] were 

admitted to hospital by either an Orthopedic or Plastic surgeon. General or family practice physicians 

admitted twenty-one percent [21%, n=627], while general surgeons accounted for five percent [5%, n=134] 

of physician admissions. The remaining ten percent of hospital admissions were distributed between other 

medical specialists. (See Table 5-3) Of the people who had a day surgery hospital admission [n=4,463], 

ninety-five percent [95%, n=4,248] were admitted to hospital by either an Orthopedic or Plastic surgeon. An 

additional three percent [3%, n=134] were admitted by a general surgeon. The remaining two percent of 

these hospital admissions were distributed between other medical specialists, including general or family 

practice physicians. (See Table 5-3) 

5.4.6 W a i t T i m e f o r H o s p i t a l A d m i s s i o n 

The distribution for the time between initial contact and admission (waiting time) by type of hospital 

admission is presented in Figure 5-5. Of the 5,093 hospital admissions occurring after an initial out-patient 

treatment: thirty-nine percent [39%, n=1,993] happened on the same day as the initial out-patient treatment; 

fifty-eight percent [58%, n=2,934] were admitted within twenty-four (24) hours;and sixty-eight percent 
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[n=3,431] were admitted within forty-eight (48) hours. Eighty-four [84%,n=4,255] were admitted within a 

week and ninety-two [92%,n=4,663] were admitted within two weeks of the initial out-patient treatment. 

Ninety-five [95%, n=4,794] were admitted within thirty days and the remaining five percent [5%, n=299], 

were admitted after one month. 

5 . 4 . 7 L e n g t h o f S t a y i n H o s p i t a l 

Six percent [6%, n=4.463] of all individuals with a hand fracture had an associated day surgery admission 

[LOS=0]. Four percent (4%, n=2,996) of people with a hand fracture had an acute admission (LOS > 1 

day). Of these, fifty- nine percent [59%, n=1,764] were admitted and discharged within one day. Eighty-six 

percent [86%, n=2,567] were discharged by the end of the first week, and ninety-one percent [91%, 

n=2,738] were discharged within two weeks. (See Figure 5-6) 

5 . 4 . 8 G e o g r a p h i c B r e a k d o w n f o r H o s p i t a l A d m i s s i o n s 

See Table 5-2 for the geographic breakdown for the annual incidence rates per 100,000 people and the 

relative rate comparisons for the different types of hospital admissions in the five health authorities in the 

province. People in the NHA had a much higher relative rate for a hospital admission (RR=2.1), including 

both a higher relative rate for a day surgery admission (RR=2.4) or an acute care admission (RR=1.7) 

compared to the overall provincial rates. Whereas, people in the FHA had a much lower relative rate for a 

hospital admission (RR=0.6), including both a lower relative rate for a day surgery admission (RR=0.6) or 

an acute care admission (RR=0.7) compared to the provincial rates. People in the VIHA had a greater rate 

for a day surgery admission (RR=1.5) compared to the rest of the province, with no increase for an acute 

care admission (RR=0.9). Whereas, people in the IHA showed the opposite finding, having a greater 

relative rate of an acute admission (RR=1.4) and no increase in a day surgery admissions (RR=1). People 

in the VCHA had no increase for an acute care admission (RR=1), but did have a much lower rate of day 

surgery admission (RR=0.6). 

5 . 5 D I S C U S S I O N 

In BC almost all people with a hand fracture (97%) received initial treatment for their fracture as an out

patient, with the majority (52%) receiving their care in a non-hospital based setting and most (70%) 

receiving their initial out-patient care by a primary care physician. This finding suggests that most hand 

fracture injuries in BC are treated as a non-emergency. In part this may be due to the primary care 

physician model for health care, where there is likely to be a natural selection bias based on the severity of 

injury for where / and by whom a person might first seek treatment. It is reasonable to assume that people 
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with a simple or uncomplicated hand fracture would be more likely to seek their first medical treatment at a 

non-hospital based setting such as a primary care physician's office. Whereas people with more clinically 

significant hand fracture injuries, or a multiple trauma injury, would likely choose to go to a hospital 

emergency room setting for their initial care. Many countries do not have a similar role for, and access to, a 

family doctor in a universally accessible primary health care system. In these situations one could expect 

that a greater percentage of people with a simple hand fracture would likely choose to seek their initial 

treatment in a hospital based setting such as an emergency room. 

We also found that nineteen percent (19%) of people with a hand fracture received their initial treatment for 

the fracture by either a Plastic or Orthopedic surgeon. Given that people in BC generally do not directly 

access surgeon specialists, it is likely that these patients were first seen by a primary care or emergency 

room physician but did not receive any definitive care for the hand fracture; rather they were referred to a 

surgical specialist for definitive diagnosis and initial treatment of the hand fracture.20'21 This number also 

likely represents a referral bias, as it is more likely that the more severe hand fracture injuries would be 

referred on for primary hand fracture diagnosis and treatment by a specialist. This referral bias accounts 

for much of the difference found in the rates for subsequent hospital admissions for patients first treated by 

a surgeon specialist (18% admission rate) compared to those initially treated by non-surgeon specialists 

(5% admission rate). 

Ninety percent (90%) of people with an identified hand fracture in BC were managed completely on an out

patient basis, suggesting that the vast majority of the hand fractures were uncomplicated clinical injuries 

that could be managed conservatively. This hospital admission rate for hand fractures in BC is low 

compared to the 19% hospital admission rate reported for distal radial fractures in the United Kingdom.22 

However, it is unlikely that any clinically significant surgical procedure for a complicated hand fracture or a 

surgical repair of other regional hand tissue trauma that may have occurred with the fracture would occur 

on an out-patient basis. 2 3 ' 2 4 

Of the ten percent (10%) of hand fracture injures in BC with an associated hospital admission, six percent 

(6%) were day-surgery admissions. It is our assumption that these day surgical admissions likely represent 

the 'more clinically complex' hand fracture injuries as noted above. 2 2 ' 2 3 Based on our findings it appears 

that in BC these more clinically complicated hand fracture injuries will almost always be treated by a 

surgeon specialist (98%), and that most (83%) will receive their surgery within a week of initial treatment as 
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an out-patient. The data did not allow for analyses of why there were delays in admissions greater than 

100 days post an initial out-patient treatment for a hand fracture for a small percentage of people. 

Four percent (4%) of all hand fracture patients had an acute hospital admission for which hand fracture 

treatment was a component of the admission. It is our assumption that this sub-group of people with an 

acute hospital admission likely represented the 'most severe' or significant trauma injuries, in which the 

person was likely to have also sustained other significant local, regional and / or systemic trauma in 

addition to a hand fracture and / or were more likely to have had other medical complications.25'26 For this 

sub-group of more significant trauma injuries with a hand fracture, our findings again suggest that most 

(70%) will likely be admitted to the hospital by a surgical specialist. As well the vast majority (83%) will be 

either directly admitted to the hospital or admitted on the same day as their initial out-patient care and they 

will likely be in the hospital for a short period of time (59% LOS = 1 day; 87% LOS < 7 days). 

The reasons for the geographic variation in hospital admission rates for hand fractures in BC are not clear. 

It is plausible that much of the differences in rates are due to actual clinical differences in terms of the 

severity or complexity of hand facture injury. In a previous study it was determined that people in the NHA 

were at a 1.3 greatest relative risk for sustaining a hand fracture compared to the rest of the province.4 If 

our assumptions are true regarding the relationship between greater fracture or trauma injury severity and 

the likelihood of either a day surgery or an acute hospital admission, it follows that people in the NHA are 

seemingly also at a much greater risk for sustaining more significant traumatic hand fracture injuries. 

In addition, some of the regional differences in hand fracture admission rates may have been due to 

differences in physician choices and practice patterns. In some isolated rural communities people have 

limited access to specialist care and medical follow-up. Subsequently they may have to travel greater 

distances to receive definitive care for a severe traumatic hand injury. These types of cases may influence 

the choices physicians or surgeons make as to how or when to admit a person to hospital. However, this is 

not something we are able to discern from the data we have. Further prospective longitudinal cohort studies 

are needed to more clearly define how variables like clinical injury presentation, access to primary care and 

specialist physician care, systemic, and personal factors could affect physician decisions around hospital 

admissions in different geographic regions. 

Finally, our finding of large geographic variations for hospital admission rates for hand fractures is 

consistent with another study by McGrail et al (2004)18 examining the relationship between general health 
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and socio-economic indicators and health care utilization trends in BC. That study also determined that the 

highest rates for all hospital admissions occurred in the Northern regions and in the more rural, less 

populous areas of the province. It also noted that there was a moderate relationship between hospital 

admission rates and health status, with higher hospital admission rates occurring in regions of the province 

with lower health status indicators.18 

There are a number of potential limitations associated with conducting a retrospective review of hand 

fracture data in the BCLHD administrative health services dataset and these have been described 

previously.4 (See also Chapter 4.5 - Discussion) In addition, it should also be noted that the data for the 

location of out-patient treatment in this study should be viewed with some caution as the location for 

treatment in the MSP dataset is not monitored for accuracy.14 As well, some of the very isolated and / or 

socio-economically deprived regions of the province may be under represented in the MSP dataset as most 

of the primary physician and emergency room health care services in these communities are provided 

under on an alternate payment program.17'18 Similarly, emergency room data from two emergency rooms 

in the Vancouver area may be under represented as they also utilized an alternate payment program during 

part of this study.2 7 

The extent to which our findings can be generalized to other geographic regions within Canada is hard to 

define. However, given the universal health care system, similar population demographics, diversity in 

geography, climate and levels of socio-economic development, we believe the health care utilization trends 

in this study are likely reflective of initial acute health care utilization trends for hand fractures treated 

throughout the rest of Canada. In addition, these trends are likely similar to other countries such as the 

United Kingdom, Australia, New Zealand and many Western European and Scandinavian countries. Like 

Canada they also have a universally accessible primary care model for acute health care service delivery, 

as well as, similar population demographics and levels of socio-economic development. 

5.6 S U M M A R Y : 

This study was a population-based study examining initial health care utilization trends for hand fractures in 

British Columbia, Canada. Despite the very common nature of this injury,1'2'3 no previous study has 

examined the potential impact of initial acute hand fracture management on acute health care resources. 

This study provides a unique opportunity to examine initial acute health care utilization trends for all hand 

fracture injuries occurring in a large, diverse population, across a range of medical settings. This study was 

conducted in the context of the Canadian universally accessible, primary care model for acute health care 
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service delivery system where the primary care physician is the principle provider of non-specialized 

medical services. 1 5 ' 1 6 ' 1 7 ' 1 8 In this health care context, the vast majority of hand fractures were managed 

conservatively on a non-emergent basis by a primary care physician. The more complicated hand fracture 

injuries that required a hospital admission were referred to surgical specialists. The majority of these 

received surgery in a day surgical setting within two days of initial treatment as an out-patient. In addition, 

the more rural, isolated and socio-economically deprived Northern region of BC had higher rates for hand 

fracture related hospital admissions. Findings from this study will allow clinicians and health care 

administrators to plan for provision of acute health care services for hand fracture patients in BC, and likely 

also across Canada. 

82 



Chapter 5 - Initial Health Care Utilization Trends for Hand Fractures 

CHAPTER 5: TABLES 

Table 5-1: Data Definitions 

Terms Data Definition 

Determined for each fracture by which event came first: 

Initial treatment: • The date of service, associated physician code and service 
location code from the first occurrence of a Medical Service Plan 

• Date (MSP) payment data record, 

• Location or 

• Physician responsible. • The date of first hospital admission, the associated hospital code, 
type of admission code and physician responsible code in a 
Hospital Separation (HS) record. 

Length of stay (LOS): Extracted from the length of stay data field in the HS record. 

Determined by the date difference (in days) between the initial out-
Wait time: patient service in the MSP record and the first subsequent hospital 

admission in the HS record. 

Table 5-2: Hand Fracture - Regional Hospital Admission Rates and Relative Rate Comparisons 

Health 
Authority 

(HA) 

Acute: 
Rate/ 

100,000 

Acute: 
Relative 

Rate 

Day 
Surgery: 

Rate/ 
100,000 

Day Surgery: 
Relative Rate 

All: Rate/ 
100,000 

All: 
Relative 

Rate 

Fraser 9 0.6 15 0.7 24 0.6 

Vancouver 
Coastal 

15 1 14 0.6 29 0.8 

Vancouver 
Island 

13 0.9 33 1.5 46 1.2 

Interior 21 1.4 22 1 43 1.2 

Northern 25 1.7 52 2.4 77 2.1 

Whole 
Province 

15 
Reference 
Standard 
(RR=1) 

22 
Reference 
Standard 
(RR=1) 

37 
Reference 
Standard 
(RR=1) 
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Table 5-3: Distribution of Physicians Responsible for All Acute and Day Surgery Hospital Admissions for Hand Fractures in BC. 

Acute Day Surgery 
Type of Physician Out

patient 
1st 

In-patient 
1st / Only 

ALL, 
Acute % Out

patient 1st In-patient 
1st/Only 

ALL, Day 
Surgery % 

Orthopedic Surgery 551 420 971 32.4% 2075 452 2527 56.6% 

Plastic Surgery 560 406 966 32.2% 1452 269 1721 38.6% 

General Practioner 165 462 627 20.9% 48 15 63 1.4% 

General Surgery 35 99 134 4.5% 101 33 134 3.0% 

Other Medical 16 54 70 2.3% 2 4 6 0.1% 

Neuro Surgery 3 47 50 1.7% 0 0 0 0.0% 

Pediatrics 52 36 88 2.9% 9 2 11 0.2% 

Psychiatry 9 32 41 1.4% 0 0 0 0.0% 

Emergency 11 10 21 0.7% 0 1 1 0.0% 

Unknown 5 23 28 0.9% 0 0 0 0.0% 

Total 1407 1589 2996 100.0% 3687 776 4463 100.0% 

% 47.0% 53.10% 100.0% 82.6% 17.40% 100.0% 
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Figure 5-1 Hand fractures in BC - Initial health care utilization flow chart. The "cloud" call-outs highlight the 
specific health care utilization questions addressed in this study. 
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Locat ion of Initial Treatment 

Figure 5-2: Location of initial treatment for a hand fracture presented as percentage of all fractures 
(N = 72,481). 
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Physician Providing Initial Out-Patient 
Treatment 

• General Practitioner 

O Plastic Surgeon 

O Orthopedic Surgeon 

• Emergency Medicine 

• Other 

Figure 5-3: Percentage breakdown by type of physician providing the initial out-patient treatment for a 
hand fracture (N = 70,092). 
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Admission Rates x Type of Physician Providing 
Initial Out-patient Care 
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Figure 5-4: Percentage breakdown for subsequent hospital admission rates by type of physician providing 
the initial out-patient care for the hand fracture (N = 5,093). 
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Figure 5-5: Percentage breakdown for waiting time in days between initial out-patient management and 
first hospital admission for hand fracture treatment. Presented by type of admission (N=5,093). 
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CHAPTER 6: EFFECT OF EARLY CONTROLLED PASSIVE MOTION ON 4-POINT BENDING 

STRUCTURAL PROPERTIES AND FRACTURE ALIGNMENT IN A RABBIT MODEL.* 

6.1 RESEARCH QUESTION ADDRESSED IN THIS CHAPTER 

How does early controlled passive motion affect the quality and rate of early fracture healing in a rabbit 

model? 

6.2 INTRODUCTION 

Early controlled mobilization is commonly used following primary flexor tendon repairs and other equally 

fragile or potentially "unstable" healing tissues in the hand, but it is not recommended for potentially 

unstable extra-articular hand fractures.1-5 Rather, it is recommended that potentially unstable fractures be 

treated with some form of additional internal or external fracture fixation to facilitate early active regional 

joint motion or be managed with complete regional hand and wrist joint immobilization for a period of three 

or more weeks.1"5 The rationale for this clinical strategy in potentially 'structurally fragile' fractures is that 

early regional joint motion of any form may cause excessive motion at the fracture site and disrupt early 

fracture healing and / or fracture alignment.6*7 

Interestingly, these were the same concerns expressed in the middle to late 1970s when surgeons and 

therapists were considering early controlled mobilization of potentially unstable or fragile healing primary 

flexor tendon repairs. However, despite these initial reservations, related research over the ensuing years 

demonstrated that early controlled mobilization of healing primary flexor tendon repairs can lead to 

improved biologic healing, faster strength gains, no increased risk of structural failure (rupture) and better 

and faster functional recovery of the affected individual.8-10 

The effect of early controlled fracture motion on early fracture healing has been extensively studied in many 

different animal models.11-32 These studies clearly demonstrate the positive effects of early limited or 

controlled cyclic, usually compressive, micro-strain on influencing the rate and type of early tissue 

differentiation in secondary fracture healing. However, none of these studies utilized a non-weight bearing 

limb, closed, diaphyseal fracture that was managed without any additional internal or external fracture 

* A version of this chapter has been submitted for publication to the Journal of Hand Surgery (Submitted August 2006) Feehan 

LM, Oxland T, Tang C. Early Controlled Passive Motion Improves Early Fracture Alignment and Structural Properties in a Closed 

Extra-articular Metacarpal Fracture in a Rabbit Model. 
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fixation. Therefore, their theoretical application to the management of a closed, potentially unstable, extra

articular hand fracture is limited. 

Early controlled passive motion of one or both joints adjacent to a closed, extra-articular fracture has the 

potential to generate controlled, cyclic, physiologic loads at the fracture, thereby, having a positive influence 

on early fracture healing. However, to date, the types of forces generated and / or the amount of fracture 

motion produced by passive motions of joints adjacent to a healing fracture have not been specifically 

examined. Therefore, it is also possible that early controlled passive motion of joints adjacent to a 

potentially unstable, closed, extra-articular hand fracture has the potential to have a negative influence on 

early fracture healing. 

This research project examined the introduction of early controlled passive motion into the management of 

closed, potentially unstable, extra-articular hand fractures managed without any additional fracture fixation, 

a possible alternative to acute fracture immobilization.7 Early controlled passive motion has the potential to 

enhance early fracture healing, improve hand soft tissue and joint mobility and increase a person's ability to 

use their hand throughout their recovery. However, clear clinical parameters for the 'safe' introduction of 

early controlled passive motion interventions have not been defined.7 

Therefore, the objective of this study was to conduct a pre-clinical efficacy study, investigating in a rabbit 

model if early controlled passive motion was likely to cause harm with regard to affecting the quality and 

rate of early fracture healing in a non-weight bearing limb, closed, potentially unstable, diaphyseal fracture. 

Our null hypothesis was that during the initial twenty eight day healing period, when compared to fractures 

treated with immobilization (standard care), fractures treated with early controlled passive motion (a novel 

intervention) would show no significant difference in either fracture callus four-point bending structural 

properties or fracture callus dorsal angulation. 

6 . 3 M A T E R I A L S A N D M E T H O D S 

6 . 3 . 1 S t u d y D e s i g n 

A pre-clinical, block-randomized, single blinded (blinded outcome evaluation), efficacy trial examining two 

treatment conditions [Immobilized (IM: Standard care) vs. Early Controlled Passive Motion (ECPM: Novel 

Intervention)] at three time periods (Five Days, Fourteen Days, and Twenty Eight Days), with a pooled 

variable at five days, in which all the rabbits in this time period acted as the baseline for both treatment 

conditions. (See Table 6-1) 
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6 . 3 . 2 C l i n i c a l P a r a m e t e r s 

This study examined whether early controlled passive motion could work in an idealized, simulated hand, 

potentially unstable, closed, diaphyseal fracture in a rabbit model. In addition, we investigated the clinical 

issue of 'cause no harm' by examining whether early controlled passive motion (a novel intervention) was 

the same or better than immobilization (standard care). Our primary clinical end-point was day twenty eight, 

the point when hand fracture immobilization normally ends. 1>5 Our primary clinical outcome was four-point 

bending 'Initial' stiffness, or the point when the callus initially begins to resist a four-point bending load. The 

rationale being that initial resistance to a bending load would be similar to a 'clinical stability' test when a 

healing fracture is gently stressed to determine if there is pain and / or motion at the fracture site. Our 

secondary clinical outcome was dorsal angulation, the most common pattern of mal-union following a 

metacarpal fracture.1'5 

6 . 3 . 3 A n i m a l F r a c t u r e H e a l i n g M o d e l 

This study used a non-weight bearing limb, right, rabbit forepaw, closed, three-point bending, third 

metacarpal shaft fracture healing model. The rabbits used in the study were skeletally mature, female, 

New Zealand White rabbits. The female New Zealand White rabbit was selected partly due to its size, 

availability, and ease of handling.3 4 In addition, the New Zealand White rabbit muscle, tendon and bone 

anatomy in the forepaw is very similar to human hand anatomy.3 5'3 6 Finally, the New Zealand White rabbit 

cortical bone has primary osteon morphology, similar to human cortical bone and is a common animal 

model in fracture healing studies.3 7 

Fifty four rabbits were utilized. There were four withdrawals from the study, only one for a protocol violation 

(Twenty Eight days - Immobilized) in which the rabbit was found completely out of its metacarpal splint at 

ten days. The other three withdrawals were for other reasons. (See Table 6-2) The rabbits withdrawn from 

the study were not replaced. Fifty rabbits completed the study for a ninety three percent completion rate. 

They ranging in age from five to seven months (mean: twenty eight weeks) and weighed from 3.5 to 5.0 kg 

(mean: 3.8 kg). 

Rabbits were allowed at least one week to acclimatize to the animal care facility, including daily handling 

and cleaning activities. They were housed communally in groups of two or three in large plastic bins (1.0 x 

1.5 x 1.0 m) lined with newspaper and edible alfalfa hay bedding. All rabbits had free access to food pellets 

and water, as well as, daily treats of carrots and apples. This study received institutional ethical approval 

and was in compliance with the Canadian Council on Animal Care guidelines.(See Appendix 6-1) 
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6.3.4 S t u d y F l o w 

Rabbits were introduced into the study at a rate of three rabbits per week. (See Figure 1) One week prior to 

creating the fracture, the rabbits were anesthetized and fit with a shoulder spica cast (-45° shoulder girdle 

forward flexion) and elbow flexion splint (-45° elbow flexion) that eliminated the rabbit's ability to weight 

bear through the forepaw. (See Figure 6-2-A) They were then pre-fit with a custom molded low temperature 

thermoplastic metacarpal fracture brace (ORFIT, Classic Soft, 2.0 mm thickness, micro-perforated. Medical 

Tronix Ltd, Laval, Quebec), (See Figure 6-2-B) followed by an additional "bumper splint" made of remnant 

splinting materials covered with wire meshing. (See Figure 6-2-C) The bumper splint completely covered 

and protected the forepaw from ongoing normal daily bumping and chewing activities. The rabbits were 

allowed one week to adapt to the non-weight bearing bracing system. During this time they were handled 

daily, carefully checked for any pressure sores and any necessary modifications were made to the splints. 

On day zero, a closed, right, third metacarpal, three-point bending fracture was created in anesthetized 

rabbits using specially adapted three-point bending pliers. (See Figure 6-3-A and B) Fractures were 

reduced under fluoroscopy (See Figure 6-3-C and D), and the paws were placed back into the custom 

molded fracture brace. During the next four days rabbits were given twice daily pain medication and were 

allowed to rest and recover in a quiet environment. 

On day five, the rabbits were serially allocated to the fourteen day or twenty eight day time periods and 

then independently randomly block allocated by sealed envelope to treatment condition within the block. In 

addition to random allocation to either immobilization or early motion within the blocks, there was also a 

random distribution of six, five day treatment conditions in each of the fourteen day and twenty eight day 

time period block randomization envelopes. Rabbits allocated to the five day time period acted as the 

baseline for both treatment conditions and were immediately euthanized. 

The early controlled passive motion protocol used was adapted from early passive motion protocols 

commonly used following early flexor tendon repairs.9'10 Where the early passive motion rabbits received 

two daily sessions [four cycles / minute x fifteen minutes = sixty full motion cycles / session] of full arc 

passive flexion and extension digital joint motion [3 seconds to full passive digital flexion, 6 second hold, 2 

second relax into full extension, 4 second rest] with additional gentle localized 'pinch' fracture stabilization. 

(See Figure 6-4) All early controlled passive motion was done by two experienced certified hand therapists. 

Each rabbit received one session a day by each of the therapists. The immobilized group received no 

further direct intervention to their fractured forepaw but did receive daily handling and holding. At the end of 

95 



Chapter 6 - Effect of ECPM on Structural Properties and Alignment 

the allocated time-period the rabbits were euthanized, the forelimbs were disarticulated, coded, labeled, 

and then fresh frozen and stored at -20° centigrade. 

6.3.5 B l i n d O u t c o m e E v a l u a t i o n 

The third metacarpals were serially dissected out of the frozen forepaws. Peripheral quantitative computed 

tomography [XCT 2000 scanner, Norland Corp, Fort Atkinson, Wl, USA. Scan resolution: 0.1 x 0.1 x 

2.2mm] (See Chapter 7.3.2) and lateral digital x-ray [100 mm, 55kv, 200 mA, 1.8 mA/s] images were taken 

of the frozen metacarpals. (See Figure 6-5) Specimens were then warmed to approximately 37° centigrade 

in normal saline and tested to structural failure in a quasi-static, four-point bending mode (Dynamight, 

Instron Corp, Canton, MA). Specimens were first pre-conditioned (stabilized) with an initial 0.1 mm 

displacement held for one minute, and then tested to failure in the dorsal-volar direction at a rate of 0.1 

mm/sec [Span: Lower 14 mm, Upper 9 mm], (See Figure 6-6-A and Appendix 6-2) 

Fracture location and fracture pattern were determined from the lateral digital x-rays using eFILM 

Workstation 1.9 software (Merge Healthcare, Mississauga, ON). Fracture location was defined as the 

distance from the distal articular surface to the fracture line on the dorsal cortex, divided by the total length 

of the third metacarpal and multiplied by one hundred (percentage of total length). Fracture pattern was 

evaluated based on the direction of the fracture line(s) through the volar cortex (compression side), as all 

fractures broke with a transverse fracture pattern through the dorsal cortex (tension side). (See Figure 6-7). 

Dorsal angulation was measured from the lateral digital x-ray (See Figure 6-5-A). The mean of two 

independent measures of dorsal angulation was used [Test-retest reliability: Pearson r = .95, p<0.01]. 

Peripheral quantitative computed tomography scan analysis was done using the XCT 5.50 analysis 

software (Norland Corporation, Fort Atkinson, Wl, USA). The callus total area was determined using a 

CALBD analysis, with Contour Mode 1 [Threshold 0] and Peel Mode 2 [Threshold 811] with the filter on. 

(See Figure 6-5-B) The test-retest reliability for measuring total callus area with pQCT imaging [Pearson r = 

.96, p<0.01] was previously determined in four calluses imaged twice on two separate days. The accuracy 

of peripheral quantitative computed tomography image total callus area (+/- 4 to 6%) was previously 

determined in three calluses by comparing peripheral quantitative computed tomography total callus area 

measures to the mean digital photo image measures of total callus area in three consecutive histological 

slides (50u, x 100 magnification) of undecalcified, cross-sectional images of the fracture callus 

corresponding to the 2.2 mm peripheral quantitative computed tomography scan location. 
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Four-point bending structural properties for failure load, initial stiffness, maximum stiffness, and energy to 

failure were determined from the load-displacement data. (See Figure 6-6-B) Failure load (N) was defined 

as the peak load at structural failure (>10% drop in load). Maximum stiffness (N/mm) was taken as the 

maximum slope of a ten point window in the linear region of the load-displacement curve. Initial stiffness 

(N/mm) was taken as the slope of a ten point window of the load-displacement curve beginning at the x-

intercept of the maximal slope line (Figure 6-6-B). Energy to failure (Nmm) was calculated from the area 

under the curve between the x-intercept of the maximal slope line and failure displacement. Each of these 

structural properties was also normalized by dividing by total callus area, to obtain a per unit area 

measure.38 

6 . 3 . 6 S t a t i s t i c a l M e t h o d s 

Statistical analyses were done using SPSS 11.0 software (SPSS Inc, Chicago, IL). Our primary analysis 

was a General Linear Model (GLM) two by three u nivariate analyses. The post-hoc analyses for 

significant main effects were examined with a Sidak multiple pairwise comparison test within timeline 

and a single Independent T-test comparing early controlled passive motion and immobilized calluses at 

twenty eight days. Significant interaction effects were explored using simple main effect and Sidak 

pairwise analyses examining the effect of treatment condition within time period, as well as, time period 

within treatment condition. In addition, the percentage difference between early controlled passive 

motion and immobilized calluses at twenty eight days was calculated [ECPM-IM / (average ECPM, IM)]. 

6 . 4 R E S U L T S 

All fractures were located in the mid-shaft region of the metacarpal [Mean 50% site, SD: +/- 5 %; range: 40 

to 64%]. There was no difference in the distribution of type of fracture pattern across the treatment 

conditions and time periods. [Chi Square; x2 (16, N=50) = 11.25, p = .79] (See Table 6-3) 

6.4.1 I n i t i a l S t i f f n e s s ( P r i m a r y C l i n i c a l O u t c o m e ) 

(See Tables 6-4 and 6-5 and Figure 6-8-A) Time and treatment condition had significant effects (p < 0.02) 

on the initial stiffness of the healing fracture. There was also a significant interaction effect in which the 

effect of time was stronger in the early passive motion fractures than it was in the immobilized fractures (p = 

0.03). Simple main effect and post-hoc pairwise comparison analyses examining the effect of time period 

within condition determined that time significantly influenced initial stiffness for both treatment conditions (p 

< 0.01) across all three time periods (p < 0.01). Simple main effect and post-hoc pairwise comparison 

analyses examining the effect of condition within time period determined that the two treatment conditions 

were only significantly different from each other at the twenty eight day time period (p < 0.01 ).A t the twenty 
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eight day time point, there was a twenty nine percent difference in initial stiffness between the early motion 

and immobilized calluses, with the early motion calluses having the greater stiffness. 

6.4.2 Fracture Dorsal Angulation (Secondary Clinical Outcome) 

(See Tables 6-4 and 6-5 and Figure 6-8-B) Time (p < 0.01) and treatment (p < 0.03) condition also had a 

significant effect on fracture dorsal angulation. The five day fractures were significantly more dorsally 

angulated than the twenty eight day fractures (p < 0.01), but not significantly different from the fourteen day 

fractures ( p < 0.08). Overall, the early controlled passive motion fractures were significantly straighter than 

the immobilized fractures (p<0.03). Across the twenty eight day time period the early controlled passive 

motion fractures showed a thirteen degree improvement in dorsal fracture alignment. The early motion 

fractures started at a mean of 29.7 degrees of dorsal angulation at five days and ended with a mean of 16.4 

degrees of dorsal angulation at twenty eight days, with most of this change (ten degrees) occurring 

between the five and fourteen day period. The immobilized fractures only showed a five degree change in 

dorsal fracture angulation throughout the twenty eight days. At the twenty eight day time point, early 

controlled passive motion fractures were significantly straighter than the immobilized fractures (p< 0.05; 

33% difference). 

6.4.3 Total Callus Area 

(See Tables 6-4 and 6-5 and Figure 6-8-C) Time had a significant effect on total callus area (p<0.01), 

whereas, treatment condition did not (p = 0.27). All calluses increased in size significantly from five days to 

fourteen days and then subsequently significantly decreased in size from fourteen to twenty days. The 

twenty eight day calluses remained significantly larger than baseline calluses. Overall, the early controlled 

passive motion and immobilized calluses were not significantly different in size from each other (p = 0.27) 

6.4.4 Other Structural Properties (Failure Load, Maximum Stiffness and Energy to Failure) 

(See Tables 6-4 and 6-5 and Appendix 6-3) Both time and treatment condition had a significant effect on 

failure load and maximum stiffness (p < 0.03), whereas, only time had a significant effect on energy to 

failure (p<0.01). All calluses showed significant gains in both failure load and maximum stiffness across all 

three time periods. Five day calluses absorbed significantly less energy to failure (p<0.01) than did the 

fourteen and twenty eight days calluses, which did not differ significantly from each other in terms of energy 

absorbed to failure (p=.38) Overall, the early controlled motion calluses showed significantly greater failure 

load and maximum stiffness than immobilized calluses. At the twenty eight day time point, only maximum 

stiffness was significantly greater (p < 0.05, 21% difference) in the early controlled passive motion calluses 

compared to the immobilized calluses. 
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6.4.5 A l l S t r u c t u r a l P r o p e r t i e s N o r m a l i z e d b y T o t a l C a l l u s A r e a 

(See Tables 6-4 and 6-5) When structural properties were normalized by dividing by total callus area; initial 

stiffness, maximum stiffness and failure load all remained significantly affected by both time and treatment 

condition (p<0.03). In addition, all three of these parameters demonstrated marked increases in the actual 

percentage difference between early controlled passive motion and immobilized calluses at the twenty eight 

day time point, with the early motion calluses being greater in all cases. Initial stiffness increased from a 

29% to 37% difference, maximum stiffness increased from a 21% to 29% difference and failure load 

increased from a 17% to 24% difference. 

When energy to failure was normalized per unit area, treatment condition became statistically significant 

(p<0.05). Overall, the early controlled passive motion calluses showed significantly increased gains in 

energy absorbed per unit area (p < 0.05) than did the immobilized calluses throughout the twenty eight day 

time period. However, at the twenty eight day time point, the early controlled passive motion calluses were 

not significantly different from the immobilized calluses with regard to energy absorbed per unit area (p< 

0.21; 21% difference). (See Appendix 6-3) 

6.5 D I S C U S S I O N 

Early active motion of one or both joints adjacent to a fracture, often introduced in combination with a 

regional functional fracture brace, has been recommended as a treatment option following a closed, stable, 

extra-articular hand fractures by a number of authors.39-56 Sarmiento and Latta (1999)5 7 in particular, have 

been long time advocates for the use of functional fracture bracing in the management of stable, closed, 

extra-articular fractures. Latta (1980)58, stated that 'Fracture Bracing' is a philosophy rather than merely 

the use of orthotic devices, predicated on the belief that immobilization of the joints above and below the 

fracture is not necessary for secondary fracture healing.7 

However, the clinical decision for when it might be considered appropriate to allow early active regional 

joint motion still rests on a mostly subjective determination of a fracture's inherent clinical or structural 

'stability'. Ultimately, there are still a number of clinical scenarios for when a closed, extra-articular hand 

fracture, treated with or without any additional fracture fixation would be perceived to not have enough 

clinical or structural stability to be able to withstand early active regional joint motion.2 This study examined 

another early motion alternative, early controlled passive joint motion, as a potential alternative to acute 

fracture immobilization in potentially unstable extra-articular hand fractures.7 
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The early controlled passive motion intervention used in this study closely replicated the early controlled 

passive motion interventions commonly used after a primary flexor tendon repair in the hand.9 However, in 

this study early controlled passive motion was applied in the clinical scenario of a potentially unstable, 

closed, extra-articular, metacarpal fracture in a rabbit healing model. The early physiologic loads at the 

fracture were generated by twice daily, fifteen minute sessions, of composite passive digital flexion and 

extension joint motion distal to the fracture, combined with gentle localized 'pinch' stabilization at the 

fracture site during motion. 

In our study we found that early controlled passive motion significantly improved an early fracture callus's 

ability to resist and bear four-point bending loads, and that these improvements were not due to the fracture 

laying down a bigger callus. The reason for this is not clear. However, other studies have also shown 

improvements in the early biomechanical properties of healing fractures following early motion, without 

demonstrating a marked increase in callus size. 18> 2 6 > 3 3 It may be that in our study the early controlled 

passive joint motion intervention provided enough of a mechanical stimulus to have a positive influence on 

early tissue differentiation within the callus without causing excessive motion at the fracture site; a known 

stimulus for a fracture to lay down a bigger periosteal callus. 3 2 In addition, our study also demonstrated 

that when the four point bending structural properties were normalized by dividing by total callus area to get 

a per unit area measure for each structural property, that the percentage difference between early 

controlled passive motion and immobilized calluses at twenty eight days for all the structural properties 

increased. This finding suggests that the improved early structural properties seen in the early controlled 

passive motion calluses may be due to differences in early fracture callus mineralization or tissue 

morphology; either in terms of differences in the geometric distribution of the mineralized and non-

mineralized tissue within the callus and / or in terms of differences in overall mineralized tissue content in 

the callus. 

In this study, we did not specifically examine fracture callus mineralization or fracture callus 

histomorphology so we are unable to speculate how early controlled passive motion may have influenced 

early fracture callus morphology. However, other studies have reported an increase in early fracture callus 

mineralization, as well as, regional differences in the distribution of early woven bone in the fracture callus 

in early motion fractures. 13> 16> 2 °- 2 8 ' 3 1- 3 3 We are currently conducting histomorphologic and peripheral 

quantitative computed tomography imaging studies to determine if there are any quantitative morphologic 

differences in the fracture calluses treated with early controlled passive motion compared to immobilization. 
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Finally, we also found that early controlled passive motion significantly improved the degree of dorsal 

fracture angulation throughout the twenty eight day time period, with most of this improvement occurring 

during the initial fourteen days. This improved fracture alignment was likely due to the 'pinch' stabilization 

of the fracture during early controlled passive motion. The gentle 'pinch' was intended to provide localized 

fracture stabilization in an effort to counter any potential dynamic deforming forces associated with passive 

regional joint motion. However, the localized pressure at the fracture seemingly also molded the malleable 

fractures during this early fracture healing period without adversely affecting the quality and rate of the 

healing fracture. Although not previously described, the effect of a gentle serial reduction of the fracture 

during the early stages of healing seen in this study may well be the same desired effects sought by 

traditional bone setter in many cultures over the centuries.59 

It is important to note the limitations of this study. The first is the issue of the validity of applying research 

findings from a fracture healing model in rabbits to humans. However, given there have been no clear 

clinical parameters for the 'safe' introduction of early controlled passive motion interventions defined, it was 

appropriate to first test the potential clinical efficacy in an animal model.7 The rabbit is a common healing 

model for fracture healing studies. 6 0 Unlike avian and rodent bone, the rabbit cortical bone has primary 

osteon morphology in the inner region of the cortex with peripheral lamellar bone in the periosteal and 

endosteal regions, similar to human cortical bone. 3 7 > 5 9 As well, the patterns of secondary fracture healing 

described in rabbit fracture healing studies are very similar to those described in human fracture healing.61 • 
62 

In addition, the regional anatomy of the rabbit forepaw is very similar to the human hand. The forepaw has 

five digits, with smaller rays for the first and fifth digit. The second through fourth digits are very similar to 

the human hand in terms of relative size of the bones and joint architecture. As well, the rabbit forepaw 

metacarpal bone is very similar in shape to the human hand metacarpal bone, with markedly similar 

regional intrinsic muscle and flexor and extensor tendon anatomy in the metacarpal region of the forepaw. 
3 5 Other than using a primate hand fracture healing model, the rabbit forepaw, closed, non-weight bearing 

diaphyseal fracture healing model utilized in this study was as close as we could come to simulating a 

potentially unstable, closed, extra-articular human hand fracture in an animal model. Additionally, given the 

similarity in regional anatomy, we believe the passive digital motion used in this study was likely to have 

generated similar relative physiologic loads at the fracture site as would be generated using a similar early 

controlled passive motion treatment intervention in the human hand. 
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. The final issue is with the use of an idealized fracture healing model and treatment intervention scenario, 

where the characteristics of the fracture and the compliance with the treatment intervention are 

experimentally controlled; not necessarily representative of the clinical scenario for the implementation of 

early controlled passive mobilization following an extra-articular hand fracture in a human population. 

6.6 CLINICAL RELEVANCE 

In our study early controlled passive motion did not cause harm with regard to affecting either the quality or 

rate of early fracture healing in a potentially unstable, closed, extra-articular, fracture in this rabbit fracture 

healing model. Rather, early controlled passive motion lead to statistically (p < 0.05) and clinically (> 25% 

difference between the groups at 28 days) significant improvements in both our primary and secondary 

clinical outcomes of interest. In this idealized simulated hand fracture healing model, early controlled 

passive motion improved an early fracture callus's ability to initially resist a four-point bending load, as well 

as, early fracture dorsal alignment. Therefore, early controlled passive mobilization passive following a 

closed, potentially unstable, diaphyseal hand fracture warrants further clinical consideration. 
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CHAPTER 6: TABLES 

Table 6-1: Study Design. [N=54,4 Withdrawn (wd), 50 completed] All rabbits at five days were nested, 
acting as the baseline for both treatment conditions. The remaining rabbits were first serially allocated to 

either the fourteen or twenty eight time period and then randomly block allocated to either the Early Passive 
Motion or Immobilization treatment conditions. 

Immobilized 

(Standard Care) 
Early Passive Motion 

(Novel Intervention) 
n=11 1wd) 5 Days (Baseline) 

n=9 (1wd) * ̂  n=9(1wd) 14 Days 

n=10(1wd) n=11 28 Days 

Table 6-2: Reasons for Withdrawal from the Study (n=4). 

Reason for Withdrawal Treatment Condition / Timeline 

Failed Mechanical Testing 5 Days 

Failure to Thrive, Euthanized @ 7 days Immobilized -14 Days 

Out of Splint @ 10 Days Immobilized - 28 Days 

Unexplained Death @ 10 Days Early Motion -14 Days 

103 



Chapter 6 - Effect of ECPM on Structural Properties and Alignment 

T a b l e 6 - 3 : Fracture Pattern Distribution by Time Period and Treatment Condition 

5 D a y s 
( B a s e l i n e ) 

14 
D a y s , 

E M 

14 
D a y s , 

IM 

2 8 
D a y s , 

E M 

2 8 
D a y s , 

IM 
T o t a l 

Oblique 
Proximal 4 3 4 2 2 15 

Transverse 2 0 2 2 2 8 

Oblique 
Distal 3 2 2 2 2 11 

Butterfly 2 3 0 2 1 8 

Butterfly 
Displaced 0 1 1 3 3 8 

Total 11 9 9 11 10 50 

[Chi Square; x 2 (16, N=50) = 11.25, p = .79] 
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Table 6-4: Summary Data - All Outcomes [Mean (+/- SD); N=50] 

5 Days 14 Days 28 Days 
BL{n=11) IM (n=9) ECPM (n=9) lM(n=10) ECPM (n=11) 

Initial Stiffness (N/mm) • 
Primary Clinical Outcome 0.2 (0.1) 38.7(18.3) 46.2 (17.7) 102.9(19.3) 137.8 (42.0) 

Fracture Dorsal 
Angulation (Degrees) -

Secondary Clinical 
Outcome 

29.7(5.3) 27.0(13.8) 20.1 (9.8) 24.4(8.0) 16.4 (7.4) 

Total Callus .Area (mmA2) 19,3 (2.5) 28.6 (6.4) 26.6(2.4) 24.0(3.6) 23.0(4.7) 

Initial Stiffness / .Area (N/mm 
/mmA2) 0.01 (0.01) 1.4(0.9) 1.7(0.7) 4.4(1.1) 6.3 (2.6) 

Maximum Stiffness (N/mm)) 0.2 (0.1) 61.5(22.6) 81.2 (27.0) 138.5 (25.6) 172.5 (44.0) 

Maximum Stiffness / Area 
(N/mm / mnr'̂ ) 0.01 (0.01} 2.2 (1.0) 3.1 (1.1) 5.9(1.5) 7.9 (3.0) 

Failure Load (N) 0.6 (0.3) 46.88(12.40) 58.23 (15.04) 77.3 (16.8) 91.3(22.3) 

Failure Load/Area 
fWmmA2) 0.03 (001) 1.63(0.26) 2.21 (0.60) 3.3 (0.9) 4.2(1.4) 

Energy Absorbed (N/mm) 0.3 (0.2) 26.18 (13.3) 29.90(9.51) 29.7(9.0) 31.7(9.7} 

Energy Absorbed / Area 
(N/mm ,< mmA2)) 0.01 (0.01) 0.88 (0.31) 1.13 (0.36) 1.2 (0.4) 1.4(0.5) 



Table 6-5: Statistical Analyses, Summary Data - All Outcomes 

3x2 GLM - Univariate Condition in Time Time in Condition % Diff. 
(@ 28 days) 

Time Condition T X C 5 14 28 IM EM EM / IM 

Initial Stiffness p<o.or p< 0.02* P = .03* p = 1.0 p = 0.49 p = o.or p<o.or p<0.01* 29% 

Initial / .Area p<o.or p < 0.02* p = .03* p = 1.0 p = 0.56 p = 0.01* p < 0.05* p<o.or 37% 

Sidak Pairwise - Time T-Test{@28 days) 

Dorsal Angulation p<o.or p < 0.03* p = 0.26 5x14 
p = 0.08 

14x28 
p =0.58 

5x28 
po.or p<0.03* 33% 

Total Area p<o.or P =0.27 P = 0.71 p < 0.03* p = 0.89 -4% 

Max. Stiffness p<0.01* p<o.or p - 0.10 p<o.or p<0.05* 21% 

Max. / Area p<o.or p < 0.02* p = 0.10 p<o.or 
p = 0.07 29% 

Failure Load p<o.or p < 0.03* p = 0.23 p<0.01* p = 0.12 17% 

Load / Area p<o.or p < 0.02* p = 0.15 P < o.or p = 0.08 24% 

Failure Energy p<0.01* p = 0.38 p = 0.78 p<0.01* P = 0.68 p = 0.63 7% 

Energy / .Area p<o.or p < 0.05* p = 0.35 p<0.02* p =0.21 21% 
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54 Rabbits 
[Withdrawn (wd)) 

NWB Brace & Custom Fracture 
Brace (n=54) 

L-l Staggered Entry (3 / week) 
w» *«t iMim •••• mt Hi i m m i i n •••• n 

Closed, 3-Pt Bending Fracture 
(n=54) 

Smiimittiniiiiil 

Lj "payO" i 

: X2/day, 15 minutes | 

Figure 6-1: Study Flow Chart: Showing the flow of the rabbits through the study, beginning with 
recruitment into the study to final blinded outcome evaluation 
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Figure 6-2 : Non-Weight Bearing Bracing System: A) Photograph of a rabbit in the non-weight bearing 

brace system with the whole protective bumper splint applied. B) Close up photograph of an ulnar view of 

the custom molded metacarpal fracture brace. C) Close up photograph of a dorsal view of the "Bumper 

splint" or protective cap, without the top of the splint applied. 
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Figure 6-3: Three Point Bending Fracture Creation and Reduction: A) A photograph of the shaved 

rabbit forepaw in the pliers that created the fractures. Superimposed on the picture is a diagram of the 

bone with the three-point bending load locations and a typical oblique proximal (OP) fracture pattern. B) 

Digital photograph (x 2 magnification) of a typical oblique proximal (OP) fracture pattern. C) A lateral 

fluoroscopic image of a reduced fracture in a fracture brace (Circle indicates location of the reduced 

fracture). D) An anterior - posterior fluoroscopic image of a reduced fracture with no fracture brace (Circle 

indicates the location of the reduced fracture) 

109 



Chapter 6 - Effect of ECPM on Structural Properties and Alignment 

Figure 6-4: Local Pinch Stabilization Combined With Passive Motion Exercise: A) A photograph 

showing an ulnar view of the gentle local pinch stabilization of fracture. B) A photograph showing a dorsal / 

ulnar view of the full arc passive digital flexion exercise. 
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Figure 6-5: Lateral Digital X-ray and pQCT images: A) A typical lateral digital x-ray image of the 

dissected third metacarpal bones from the intact and fractured side in the same rabbit. The image is from a 

twenty eight day healing period rabbit. The red lines superimposed on this image represent the degree 

dorsal angulation in this callus. B) A peripheral quantitative computed tomography scan visual image of a 

typical twenty eight day callus. 
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Displacement (mm) 

F i g u r e 6-6: F o u r - p o i n t b e n d i n g s e t - u p a n d l o a d - d i s p l a c e m e n t c u r v e : A ) Close-up photograph showing 

the 4-Point testing set-up in an intact specimen. B ) A typical load-displacement curve of a twenty eight day 

callus showing the four-point structural properties for Failure Load (N), Failure Displacement (mm), Initial 

Stiffness (N/mm), Maximum Stiffness (N/mm), and Energy to Failure (Nmm). The x-intercept of the 

maximum stiffness slope line is also shown. 
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Dorsal (Tension) 

Proximal Distal 

Volar (Compression) 

F i g u r e 6-7: F r a c t u r e P a t t e r n C l a s s i f i c a t i o n : O P = Oblique fracture line progressing proximally on 

compression side; T = transverse fracture line on compression side; O D = Oblique fracture line progressing 

distally on compression side; B = butterfly fragment, non-displaced on compression side; B D = butterfly 

fragment, minimally displaced on compression side. 
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Initial Stiffness - Primary Outcome A 

I 

40 

35 

30 • 

25 -

20 

SDays 14 Days 

Total Callus Area 

3 Days 14 Days 

29% 

28 Days 

28 Days 

Fracture Dorsal Angulation - Secondary B 

jjj: 40H 

§ 30 

| 20-j 

I 1 H 
a 
«£ o 

Outcome 

33«/0 

5 Days 14 Days 28 Days 

Condition Main Effect (p <0.05) 

Time Main Effect (p <0.05) 

Interaction Effect (p < 0.05) 

Difference at 28 Days {p <0.05) 

Figure 6-8: Treatment Condition by Time Period Graphs: A) Initial Stiffness - Primary Clinical 

Outcome; B) Dorsal Angulation - Secondary Clinical Outcome; C) Total Callus Area. Significant (p< 0.05) 

main and interaction effects, as well as, a significant difference between the treatment conditions at twenty 

eight days are indicated by the arrows on the graphs and are defined in the figure legend. 
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CHAPTER 7: EFFECT OF EARLY CONTROLLED PASSIVE MOTION ON CLOSED FRACTURE 

CALLUS REGIONAL TISSUE DISTRIBUTION AT TWENTY-EIGHT DAYS POST-FRACTURE: A pQCT 

AND HISTOLOGICAL STUDY IN RABBITS* 

7.1 RESEARCH QUESTION ADDRESSED IN THIS CHAPTER 

How does early controlled passive motion affect the quality and rate of early fracture healing in a rabbit 

model? 

7.2 INTRODUCTION 

Early controlled mobilization is commonly used following primary flexor tendon repairs and other equally 

fragile or potentially "unstable" healing tissues in the hand, but it is not recommended for potentially 

unstable extra-articular hand fractures.1-5 Rather, it is recommended that potentially unstable fractures be 

treated with some form of additional internal or external fracture fixation to facilitate early active regional 

joint motion or be managed with complete regional hand and wrist joint immobilization for a period of three 

or more weeks.1-5 The rationale for this clinical strategy in potentially 'structurally fragile' fractures is that 

early regional joint motion of any form may cause excessive motion at the fracture site and disrupt early 

fracture healing and / or alignment. 6>7 

In a previous study (See Chapter 6) investigating the effect of early controlled passive motion on fracture 

callus 4-point bending structural properties and fracture alignment in a closed, 3 r d metacarpal fracture in 

rabbits, we concluded that Early Controlled Passive Motion (ECPM) led to clinically (>25% difference) and 

statistically (P< 0.05) significant improvements in the ability of an early fracture callus to resist and bear a 4-

point bending load. Furthermore these improvements were not due to the fracture laying down a bigger 

callus. We propose that these findings suggest that the improved early structural properties seen in the 

early controlled passive motion calluses may be due to differences in early fracture callus mineralization or 

tissue morphology. This could be either in terms of differences in the geometric distribution of the 

mineralized and non-mineralized tissue within the callus and / or in terms of differences in overall 

mineralized tissue content in the callus. (See 6.5 - Discussion). 

* A version of this chapter is a manuscript in preparation and will be submitted for publication to the Journal of Orthopedic 

Research (December 2006). Feehan LM, Liu D, Oxland T. Effect of early controlled passive motion on closed fracture regional 

tissue distribution at 28-days post fracture. A pQCT and histological study in rabbits. 
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Peripheral Quantitative Computed Tomography (pQCT) provides measures of tissue geometry and density 

and has been used most commonly for the assessment of intact bone quality.8>9 pQCT imaging provides a 

three-dimensional evaluation of X-ray attenuation coefficients in the scanned tissues, which have been 

calibrated against a phantom image with a known density.8'9 pQCT measurements of callus content and 

density have been used for the assessment of fracture healing in a number of animal studies, 1°- 2 3 and less 

commonly for the clinical assessment of fracture healing in people. 2 4> 2 5 pQCT densiometric measurements 

of callus mineral content and / or density have been shown to correlate positively with fracture callus 

mechanical strength and stiffness, 26-30 as well as, with the histological evaluation of the degree of 

mineralized tissue in the callus. 2 6> 2 7 ' 3 1 As well, a pQCT geometric measure of polar moment of inertia (i.e. 

distance away from a defined central point) has also been shown to be positively correlated with callus 

mechanical strength and stiffness,29 suggesting that the regional distribution of the mineralized tissue within 

the callus may also influence early callus structural properties. In contrast, pQCT geometric measurements 

of mineralized callus area have been shown to correlated with mechanical testing measures of callus 

strength and stiffness, 2 7 ' 2 8> 3 0 which suggests that a larger mineralized callus does not necessarily correlate 

with better mechanical properties. 

The objective of this follow-up study was to investigate if there were any quantitative (pQCT) or qualitative 

(histological) differences in fracture callus regional tissue distribution for fractures treated with early 

controlled passive motion, when compared to fractures treated with immobilization at the twenty-eight day 

time period. The twenty-eight day time period is the time point where the fracture calluses were known to 

have statistically significant differences in 4-point bending structural properties. Our null hypothesis was 

that at the twenty-eight day healing period, when compared to fractures treated with immobilization (IM), 

fractures treated with early controlled passive motion (ECPM) would show no significant differences in the 

regional distribution of non-mineralized, new-mineralized and residual cortical bone tissues within the 

callus. A secondary objective was to investigate at the twenty-eight day time period if there were any 

apparent differences in the degree of residual cortical bone resorption or remodeling at the level of the 

fracture in fractures treated with ECPM compared to fractures treated with immobilization. 

7 . 3 M A T E R I A L S A N D M E T H O D S 

7.3.1 O r i g i n a l S t u d y D e s i g n , O b j e c t i v e s , a n d S t u d y F l o w 

The original study was a pre-clinical, block-randomized, single-blind, efficacy trial examining the effect of 

two treatment conditions (IM and ECPM) at three time periods (Five Days, Fourteen Days, and Twenty-

eight Days) on fracture alignment and 4-point bending structural properties in a rabbit model. The objective 
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was to investigate if ECPM was likely to cause harm with regard to affecting the quality and rate of early 

fracture healing in a non-weight bearing limb, closed, potentially unstable, diaphyseal fracture in a rabbit 

model during the initial twenty-eight days post-fracture. 

Fifty, mature, female, New Zealand White rabbits were pre-conditioned for one week to a non-weight 

bearing limb brace and a custom molded metacarpal fracture brace. Under general anesthesia, closed 3-

point bending fractures were produced, reduced under fluoroscopy and placed back into the fracture brace. 

For four days the rabbits were given twice daily pain medication and were allowed to rest and recover. On 

the fifth day, the randomly allocated early passive motion rabbits began to receive twice daily, fifteen 

minute sessions, of a standardized passive digital flexion and extension motion exercise program. 

Experienced hand therapists did all ECPM. The immobilized rabbits received no further intervention to the 

affected forepaw. Rabbits were sacrificed at five, fourteen and twenty-eight days post fracture and the 

healing metacarpals were serially dissected out of the frozen forepaws. Blinded outcome evaluations 

included lateral x-rays, pQCT imaging and four-point bending to structural failure. Further details of the 

Materials and Methods are provided in Chapter 6.3. 

7 . 3 . 2 p Q C T I m a g i n g a n d A n a l y s e s 

In the original study, prior to mechanical testing the 11-ECPM and 10-IM calluses from the twenty-eight day 

time period were scanned while frozen, ex-vivo, in air, with an XCT 2000 pQCT scanner (Norland 

Corporation, Fort Atkinson, Wl, USA). (See Figure 7-1-A) The scan diameter was 50 mm with a scan speed 

of 5 mm / sec. The in-plane voxel resolution was 0.1 x 0.1 mm2 with a scan thickness of 2.2 [+1-2) mm. 

(See Figure 7-1-B) All specimens were scanned with the proximal and distal bone ends set on molded putty 

that was resting on a low density foam base ensuring the fracture callus was completely surrounded by air. 

The foam base with the bone specimen was placed within a 40 mm diameter clear plastic tube that was 

centered and aligned parallel within the gantry. The fracture callus specimens were scanned perpendicular 

to the fracture line. [See Figure 7-1-A (Inset)]. 

For this follow-up study fracture callus's raw pQCT imaging data were analyzed using ImageJ software 

(http://rsb.info.nih.gov/ii),32 to enable the identification and analysis of each voxel separately. The raw data 

were imported and re-calibrated using the importing protocol and calibration parameters provided by the 

pQCT scanner manufacturer [Norland Corp, Fort Atkinson, Wl, USA]. ImageJ calibration was verified in 

two twenty-eight day calluses by comparing measures of Total Callus area (TA) and Residual Cortical Bone 

area (CA) using a XCT 5.50 [Norland Corp, Fort Atkinson, Wl, USA] analyses [CORTBD, Separation Mode 
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1, Thresholds 0 and 811 mg/cm3] and ImageJ analyses of TA and CA in non-filtering images using the 

same threshold parameters. The results for these area measurements were identical (Pearson r = 1.0, p < 

0.01). In addition, the accuracy (+/- 4 to 9%) of the ImageJ software analyses for defining new-mineralizing 

tissue (new woven bone) using an apparent density threshold of > 200 mg/cm3 was done in 2 twenty-eight 

calluses, by comparing ImageJ mineralized tissue area measures to the mean mineralized tissue area in 

three consecutive digital photo cross-sectional histological images corresponding to the 2.2 mm pQCT scan 

location.27 

For each image a region of interest (ROI) was manually defined around the callus. Each voxel within the 

ROI with a density threshold of zero or higher was identified. In addition, the distance of the center of each 

voxel away from the center of the voxel corresponding with the "anatomical" center of the fracture callus 

was determined (See Figure 7-2 and Appendix 7-1). The anatomical center was defined as the center 

point within the intra-medullary region in the proximal fracture fragment. The anatomical center of the callus 

was identified by comparing the digital pQCT scan image with the corresponding histological callus slice 

immediately proximal to the fracture gap. The anatomical centre was then drawn on a digital photo of the 

pQCT image and this photo was used as a visual cue to identify the corresponding location of the voxel of 

the anatomical center in the ImageJ image on the computer screen. Intra-rater reliability for two raters, 

independently identifying the selected anatomical centre in six images on two separate days was very high 

(Rater 1: Pearson r =.999, p O.01; Rater 2: Pearson r =.999, p <0.01). Inter-rater reliability for the mean of 

the two repeated measures for each rater was also very high (Pearson r = .999, p < 0.01). 

ImageJ data were exported to excel for further analyses using the three validated apparent density 

thresholds (0, 200 and 811 mg/cm3) to first quantitatively define the non-mineralized, new-mineralized and 

residual cortical bone within the callus. (See Figure 7-3) In addition, the non-mineralized (0 to 199 mg/cm3) 

and new-mineralized (200 to 811 mg/cm3) threshold ranges were further divided in half to differentiate 

between the lower and higher density tissues within each of these threshold ranges (See Table 7-1). 

Dividing the non-mineralized threshold range into lower and higher density ranges allowed for an analysis 

of the region of the calluses with a histological morphology corresponding to fibrous tissue (lower non-

mineralized tissue density) compared to the region of the callus with a histological morphology 

corresponding to cartilaginous tissue (higher density non-mineralized tissue density). Similarly, but dividing 

the new-mineralized tissue threshold range into lower and higher density ranges allowed for an analysis of 

regions of the calluses with a histological morphology associated with more dense regions of new woven 
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bone related to more dense mineralization (ie: thicker trabeculae and less porosity) compared to regions of 

the callus with less dense mineralization. (See Figure 7-4) 

The primary outcome variables included area (mm2), mineral content (mg/mm), mean distance from the 

anatomic centre (mm) and mean distribution (r2 x density = mg/mm). Our secondary outcome variables 

included normalized (% of intact side) residual cortical bone area (an indicator of cortical bone resorption at 

the level of the fracture) and average residual cortical bone density (an indicator of cortical bone 

remodeling at the level of the fracture) measures. 

7.3.3 Undecalcified Fracture Callus Histological Processing and Analyses 

Immediately following mechanical testing to 4-point structural failure the calluses were fixed in formalin 

(10% buffered) for 24 hours before being re-frozen and stored at -20° C. To minimize the degree of tissue 

disruption with mechanical testing, the 4-point bending testing was stopped immediately after structural 

failure. In addition, the fracture calluses were manually re-approximated following mechanical testing. 

The formalin fixed calluses were thawed and cut to ~ 12 mm length and then processed as undecalcified 

specimens through serial dehydration in denatured Ethanol and then serial infiltration and block embedding 

in a methyl methacrylate based resin (Technovit - EXAKT, USA, Oklahoma City, OK). (See Appendix 7-2). 

Each callus was cut parallel to the fracture line for cross-sectional slides, with each slide initially cut to -200 

pm and then serially ground to -50 pm using the EXAKT diamond saw and grinding systems (EXAKT 

systems, USA, Oklahoma City, OK). With each cut with the diamond saw, there was an -400 pm thickness 

loss of the fracture callus tissue. Therefore, each slide represented a -600 pm thickness region within the 

callus. The specimens were cut in such a way as to try to capture one slide at the level of the fracture, and 

one slide immediately proximal and distal to the fracture line. 

The slides were stained using Toluidine Blue, Methyl Green and Methanil Yellow stains. This staining 

protocol stained fibrous tissue blue, cartilage tissue purple and mineralized tissue yellow. 3 3> 3 4 (See Figure 

7-4 and Appendix 7-3). The stained slides were digitally photographed at a 100x magnification (5x objective 

lens and 20x digital camera magnification) [Zeiss AxioPlan2 (CarlZeiss Inc., Thomwood, NY); Northern 

Eclipse 7.0 Software (Empix Imaging Inc, Mississauga, ON] and then merged into a single digital photo 

image using Photoshop Elements 3.0 software (Adobe Systems, Inc; San Jose, CA). Outcome evaluation 

involved a blinded qualitative evaluation by two independent evaluators (one bone pathologist and one 
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researcher) looking for any apparent differences in the fibrous, cartilaginous, new-mineralized woven and 

residual cortical tissue distribution at the level of the fracture (Fracture location + / - and one slice). 

7.3.4 Statistical Methods 

Statistical analyses were done using SPSS 11.0 software (SPSS Inc, Chicago, IL). The primary analyses 

included a General Linear Model (GLM) univariate analysis of the two treatment conditions (ECPM and IM) 

by five threshold ranges [0-99; 100-199; 200-499; 500-810; > 811 mg/ cm3] at the twenty-eight day time 

period; investigating the effect of ECPM on tissue distribution at this time period. Post-hoc analyses 

included Sidak multiple pairwise comparisons test between the tissue threshold ranges, as well as 

Independent T-tests (ECPM vs. IM) and percentage difference [ECPM-IM / Average ECPM:IM] at the lower 

new mineralized tissue (200-499 mg/cm3) and residual cortical bone tissue (> 811 mg/cm3) threshold 

ranges. Given the exploratory nature of the post-hoc Independent T-test post-hoc analyses, the alpha 

values were not adjusted for multiple comparisons. 

In addition, a comparison of the percentage of intact cortical bone area and average density between the 

ECPM and IM calluses was also examined with an Independent T-test and percentage difference 

calculation, investigating the effect of ECPM on cortical bone tissue resorption (area) and remodeling 

(average density) at the twenty-eight day time period. 

7.4 RESULTS 

7.4.1 Fracture location, pattern and original pQCT (XCT 5.5) total callus area measures 

All fractures were in the mid-shaft and there was no difference in the distribution of fracture pattern at the 

28 day time period [Chi Square; x2 (4, N=21) =.286, p=0.9]. (See Table 6-3 details of the fracture pattern 

distribution at 28 days) Therefore, all calluses in both treatment conditions were pooled for the pQCT and 

histological analyses. 

The original study measures of pQCT total callus area using XCT 5.50 [Norland Corp, Fort Atkinson, Wl, 

USA] analyses software found no significant different between the two groups (p=0.27) throughout the 

initial 28 day healing period in the original study. In addition, when examined at the 28 day time period 

specifically, there was again no significant difference in pQCT (XCT 5.5) total callus area (p=0.89) between 

the two treatment conditions. (See Table 6-5) 
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7 . 4 . 2 p Q C T ( I m a g e J ) a n a l y s e s 

See Table 7-1 for the mean (+/- SD) and the results of the primary statistical analyses for each of our 

primary outcome variables. For all pQCT ImageJ outcomes, there was a significant main effect across 

threshold range (p< 0.01) and no significant effect for either treatment condition [ECPM vs IM: area p=0.6; 

content p=0.8; Distance p=0.6; Distribution p=0.9] or interaction [threshold x condition: area p=0.2; content 

p=.08; Distance p=0.7; Distribution p=0.8). The post-hoc Sidak pairwise comparison between threshold 

ranges demons trated a significant difference (p<0.01) between both the new mineralized tissue and 

residual cortical bone tissue threshold ranges for area; between the lower new-mineralized tissue and 

residual cortical bone tissue threshold range for mean distance from centre; and between the higher new-

mineralized tissue and residual cortical bone tissue threshold range for mean distribution. There was no 

significant difference (p=0.9) between either of the new mineralized tissue or residual cortical bone tissue 

threshold ranges for mineral content. (See Figure 7-5) 

The Independent T-test for ECPM vs. IM at the lower mineralized (200-499 mg/cm*3) threshold range was 

not significant (p=0.2) for any outcomes. Acknowledging this lack of statistical significance between the 

treatment conditions, there was a marked percentage difference between the treatment conditions at this 

lower density new-mineralized tissue threshold range, with the ECPM having a 21% smaller area and 27% 

less mineral content compared to the IM calluses. (See Table 7-2 and Figure 7-5) 

The Independent T-Test for ECPM vs. IM at the residual cortical bone tissue (>800 mg/cm*3) threshold 

range was significantly greater in the ECPM group compared to the IM group for area (p=0.03; 14% 

difference) and approaching significance for mineral content (p=0.08; 27% difference) and mean 

distribution (p=0.07; 12% difference). There was no significant difference between the conditions for mean 

distance from centre (p= 0.6; 0% difference) at this threshold range. (See Table 7-2 and Figure 7-5) 

The Independent T-test for percentage of intact side cortical bone tissue area and average density for 

ECPM vs. IM again approached significance (p=.08) for percentage of intact cortical bone tissue area 

(ECPM 98% vs. IM 79% of the intact side area) and was not significant (p=0.9) for percentage of intact side 

cortical bone tissue density (both conditions were 75% of the intact side density). (See Table 7- 3) 

7 . 4 . 3 H i s t o l o g y 

Neither of the blinded independent evaluators was able to discern any consistent differences in the 

distribution of fibrous, cartilaginous, new-mineralized woven or residual cortical bone tissues in the ECPM 
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and IM calluses at twenty-eight days. There were some variations in the distribution of these types of 

tissues in all the calluses, but none of these differences occurred in more than 3 of the 21 calluses. One 

noted difference included the identification of 3 calluses (1-ECPM and 2-IM) with notably larger areas of 

residual cartilaginous tissue at the level of the fracture (See Figure 7-4). The presence of large areas of 

cartilaginous tissues in these calluses was in contrast to the rest of the twenty-eight day calluses (n=19) 

that had very little or much smaller areas of residual cartilage tissue present at the level of the fracture gap, 

suggesting that these 3 calluses were somewhat delayed in their mineralization across the fracture gap. 

(See Figure 7-6) 

In addition to a consistency of prolific new woven bone formation in the fracture gap in 19 of the 21 

calluses, all calluses (n=21) also showed marked periosteal deposition of new woven bone in both slices 

immediately proximal and distal to the fracture gap (See Figure 7-7), as well as marked endosteal 

deposition of new woven bone in one or both of the slides immediately proximal to the fracture gap. Two of 

these 19 calluses (both ECPM calluses) were also noted to have an obviously thinner trabecular pattern 

with larger spaces in the more peripheral periosteal region of the callus, which is suggestive of ongoing 

resorption in this region of the callus. (See Figure 7-8) 

Also noted was the consistently asymmetrical healing pattern in all calluses, with markedly more periosteal 

woven bone being deposited on the volar surface of the bone corresponding to the compression side of the 

3-point bending fracture, as well as the intrinsic musculature. (See Figures 7-2 through 7-4 and 7-6 through 

7-8) Finally, the regional deposition of the new woven bone seemed to be directly related to regional 

resorption and remodeling of the residual cortical bone at the level of the fracture. There was more 

endosteal and periosteal cortical bone surface resorption, as well as more internal cortical remodeling 

(greater porosity) occurring in the regions within the residual cortical bone more closely situated to the new 

woven bone (See Figures 7-6, through 7-8). 

7.5 DISCUSSION 

In this study we found no differences in the pQCT measurement of total callus area or mean content at the 

level of the fracture between the early motion and immobilized calluses at twenty-eight days. As well there 

was no difference in the mean distance away from the anatomical centre or mean distribution of the mineral 

content within the calluses. However, when examined across the different density threshold ranges relating 

to the non-mineralized, new-mineralized and residual cortical bone within the callus, differences between 

the early motion and immobilized calluses residual cortical bone response at the level of the fracture were 
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apparent. These findings suggest that ECPM may influence the regional distribution of mineralized tissues 

within the callus at twenty-eight days post fracture. 

Our finding of no overall difference in the total callus area, content and distribution suggests that from a 

purely biologic perspective there was no apparent difference in the stage of healing at twenty-eight days for 

the fractures treated with early motion compared to those that were immobilized. This finding was 

supported by the histology in which all but 3 calluses consistently showed prolific deposition of new woven 

bone throughout the fracture gap, as well as in the endosteal and periosteal regions of the callus just 

proximal and distal to the fracture gap. Therefore, in our closed diaphyseal fracture in a rabbit healing 

model, a 'bony union' as evidenced by bony bridging of new woven bone across the whole fracture gap in 

all three regions of the callus (periosteal, endosteal / intra-medullary and between the cortical fracture 

fragments) was evident in all but 3 fractures at the twenty-eight day time period. 

Our study findings are consistent with two other histological studies by Ashurst (1986)35 and Park et al 

(1999) 36examining fracture healing at the four-week time point in a rabbit model. Based on these studies, if 

our fractures had been followed out further in time, the majority would likely have entered into the active 

remodeling phase of healing within the next week, and begin to show evidence of rapid endosteal and 

periosteal callus resorption. 3 5> 3 6 Unlike Ashurst (1986)3 5 and Park et al (1999),36 we did not find consistent 

evidence of less endosteal bony bridging within the medullary space at the level of the fracture in our 

closed diaphyseal fracture-healing model. In our study, at the level of the fracture and at either one or both 

of the slides immediately proximal or distal to the fracture, the endosteal or intra-medullary mineralization 

was a consistent component of early closed fracture healing at this time point. This finding suggests that 

intra-medullary mineralization was likely contributing to the mechanical stability of these closed fractures. 

This may be an important consideration in cases when a closed diaphyseal fracture has been managed 

with intra-medullary wire fixation, as the loss of contiguous woven bone across the whole fracture gap 

during the early stages of healing may also delay the development of structural stability in fractures treated 

with Intra-medullary fixation.37 

Our study also found pQCT evidence of residual cortical bone resorption and remodeling at the level of the 

fracture occurring in all calluses. In addition, these apparent changes in residual cortical bone morphology 

and density were supported by histological evidence of an apparent re-distribution of the mineralized 

elements from the residual cortical bone tissue to the newly mineralizing woven bone. In all calluses, there 

was clear histological indication of regional cortical bone endosteal and periosteal surface bone resorption, 
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as well as regional cortical bone re-modeling as evidenced by greater regional cortical porosity. In addition, 

the cortical bone remodeling and resorption appeared to have a direct anatomical relationship with the 

regional deposition of the new woven bone adjacent to the cortex. It has been proposed that there may be 

a local homeostatic response to a fracture, in which the local mineralized elements may be 're-cycled' from 

the regional cortical bone and re-deposited locally as mineralizing elements in the new woven bone. 3 1 

However, the exact mechanism(s) for why or how this apparent regional re-distribution of the mineralized 

elements may occur has not been described. 

One possible mechanism for why this cortical remodeling / resorption may occur is the sudden drop in the 

local load bearing demands in the cortical bone at the level of the fracture, a known mechanical stimulus for 

a localized increased cortical bone remodeling / resorbing response.3 8 In addition the fracture injury may 

cause local cortical bone and vascular tissue disruption, resulting in regions of non-cellular mineralized 

bone tissue that may be re-absorbed as a component of early fracture healing. 3 5 ' 3 9> 4 0 In either case, it 

could be that the mineralized elements released due to this early localized cortical tissue remodeling and / 

or resorption may have provided a direct source of mineralizing elements for new-woven bone deposition . 
3 8 As well these mineralized elements may have been reabsorbed systemically to help replenish the 'net 

systemic loss' of these mineralized elements in response to the fracture callus mineralization process. 4 1 ' 4 2 

Our study did not use any dynamic markers for either bone resorption or deposition, nor did we specifically 

examine the cellular components of the fractures, so we are not able to speculate on the mechanism for 

how the mineralized tissues may have been re-distributed regionally within the calluses. 

Of additional interest is the markedly different residual cortical bone tissue response near the fracture, as 

well as the marked differences in the regional distribution of the lower mineralized new woven bone in the 

periosteal region of the callus in the ECPM calluses compared to the IM calluses. When compared to IM 

calluses, the ECPM calluses had significantly more (14% more) residual cortical bone tissue. As well 

markedly greater, though not statistically significantly greater, residual cortical bone tissue mineral content 

(27% greater mineral content) and mean distribution (12% greater distribution) suggestive of less cortical 

bone tissue resorption at the level of the fracture in the ECPM calluses. (See Figure 7-9) Although again 

not statistically significant, the IM calluses also had 21% more lower-density new mineralized bone tissue 

and 27% greater lower-density new mineralized tissue mineral content, distributed 9% further away from 

the anatomical centre of the callus than did the ECPM calluses. These regional differences in mineralized 

tissue distribution may explain the structurally superior mechanical differences found in ECPM calluses at 

twenty-eight days found in our previous study. (See Chapter 6). 
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The regional differences in residual cortical bone distribution at the fracture suggest that closed, diaphyseal 

fracture calluses, when subjected to early controlled cyclic physiologic loading may respond to early 

controlled mechanical stimuli by depositing and / or maintaining more centrally located higher-density / 

cortical tissue; the location where the early loads are likely occurring.43'44 Whereas, immobilized calluses 

may heal with a more diffuse, or non-specific, peripheral mineralizing response. These findings are 

consistent with other healing connective tissues, such as tendon and ligaments, which have been shown to 

lay down collagen along the lines of tension when subjected to early controlled tensile loads in contrast to a 

more randomized deposition in immobilized tissues. 4 5 ' 4 6 Again, this is only speculation as this study did not 

evaluate any specific dynamic markers related to genetic, molecular or cellular expression occurring at the 

level of the fracture. However, it has been clearly shown in other studies that limited or controlled 

mechanical stimuli introduced during the initial few days of healing clearly influences the initial genetic and 

molecular expression in the cal lus, 4 7 4 9 as well as the initial cellular proliferation and differentiation.50 Which 

in turn ultimately influence the morphologic presentation of the fracture callus at four weeks post-fracture. 
51-53 Therefore, it is reasonable to speculate that these same early controlled mechanical stimuli are not just 

influencing the specific tissue morphology in the endosteal, periosteal and fracture gap regions of the 

healing callus, but also the physiologic / metabolic responses in the regional cortical bone tissue adjacent 

to the fracture.31^54 

Our pQCT finding of less lower mineralized tissue and mineral content in the periosteal region of the callus, 

distributed further from the anatomical center in the ECPM calluses may also be an indication of earlier 

periosteal callus resorption occurring in some of the early motion calluses, as was noted in 2 of the 11 

ECPM calluses. (See Figure 7-8). Once again, in this study we did not do any quantitative 

histomorphometry that may have picked up some quantitative differences in the new woven bone 

trabecular thickness and / or porosity in the periosteal and endosteal regions of the callus. 3 5 

The asymmetry in the deposition of the peripheral callus, with more periosteal callus deposited on the volar 

or compression side of the fracture is likely related to the greater degree of micro / macro damage 

sustained in the volar cortex when the 3-point bending fracture was created. As described in our previous 

study (See Chapter 6, Figure 6-7) all the bones failed with a clean, transverse fracture line through the 

tension side of the cortex. Whereas, the fracture lines in the volar or compression side of the cortex usually 

progressed longitudinally for some distance proximally and / or distally. In addition, this asymmetrical 

response may be related to the presence of the intrinsic musculature on the volar surface of the bone. The 
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presence of muscle tissue adjacent to a healing fracture has been described as an important additional 

source for cellular and neovascular elements in early fracture healing. 39.40,55 

The primary limitation of this study is the lack of statistical power due to the small numbers of calluses in 

each of the treatment conditions. An additional limitation relates to the scan thickness (~2.2 mm) relative to 

the size of the fracture gap (~ 0.4 to 0.8 mm). Each scan voxel within the cortical region of the callus would 

include the fracture gap (-20 to 25% of total scan thickness), as well as portions of the proximal and distal 

cortical bone tissue (~ 75 to 80% of total scan thickness). Therefore, the residual cortical pQCT 

measurements (>811 threshold mg/cm*3) would reflect not only the degree of mineralization in the fracture 

gap between the cortical bone ends, but also any ongoing bone turnover associated with cortical bone 

resorption and remodeling.56 Given there was no standardization in terms of the size / shape of the fracture 

gap, this may have increased the variability of the pQCT residual cortical bone measurements in this study. 

In summary, this exploratory pQCT and histological study evaluated regional tissue distribution in early 

controlled passive motion as compared to the immobilized calluses. It reflects strong trends but not 

statistically significant differences in regional mineralized tissue distribution in fracture calluses treated with 

early controlled passive motion compared to fractures treated with immobilization. Findings from this study 

support further investigation in animal models into the effects of early controlled physiologic loading on 

regional distribution of mineralized tissues in early fracture calluses. 

7.6 CLINICAL RELEVANCE 

In this idealized, closed extra-articular hand fracture-healing model in a rabbit, early controlled passive 

mobilization demonstrated some influence on the early regional distribution of mineralized tissue within the 

callus. It is possible that these differences account for the structural superior mechanical properties of 

ECPM calluses when compared to calluses managed with immobilization at the twenty-eight day time 

period. This study provides further support for the consideration of early controlled passive motion as an 

alternative to acute fracture immobilization in the management of closed, extra-articular hand fractures in 

humans. 
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CHAPTER 7: TABLES 

Table 7-1: Primary Outcomes: Summary Data [Mean +/- SD] and Primary Statistical Analyses: ECPM 
(n=11) vs. IM (n=10) by Apparent Density Threshold Ranges at 28 Days. 

Residual 
Cortical 

Non-Mineralized Tissue New-Mineralized Tissue 
Bone 

Tissue 
(> 811 

mg/ mm3) 

(0-199 mg/cm3) (200-810 mg/cm3) 

Bone 
Tissue 
(> 811 

mg/ mm3) 

Lower 
Higher 

Density Non-
Mineralized 
(100-199 
mg / cm3) 

Lower Higher 
Density 

Higher 
Density Non-
Mineralized 
(100-199 
mg / cm3) 

Density Density Cortical 
Non-

Mineralized 
(0-99 

Higher 
Density Non-
Mineralized 
(100-199 
mg / cm3) 

New-
Mineralized 
(200-499 

New-
Mineralized 
(500-810 

Density 
(> 811 

mg / cm3) 
mg/cm 3) 

Higher 
Density Non-
Mineralized 
(100-199 
mg / cm3) 

mg / cm3) mg / cm3) 

Area* ECPM 3.5(1.0) 2.9(1.2) 7.2 (2.7) 5.0(1.5) 3.0 (0.8) 

(mm2) IM 3.6(1.2) 2.9 (0.7) 8.9 (3.6) 4.9(1.8) 2.6 (0.9) 

Mineral ECPM 0.08 (0.5) 0.4 (0.2) 2.5(1.2) 2.8(1.2) 3.5(1.0) 
Content* 
(mg/mm) IM 0.08 (0.6) 0.4 (0.1) 3.2(1.3) 3.1 (1.1) 2.6 (1.1) 

Mean 
Distance 

ECPM 3.2 (0.6) 2.9 (0.5) 2.4 (0.8) 1.5 (0.2) 1.1 (0.05) 

from Centre* 
(mm) 

IM 3.4 (0.6) 3.1 (0.6) 2.2 (0.4) 1.6(0.2) 1.1 (0.4) 

Mean 
Distribution* 

ECPM 0.6 (0.3) 1.3 (0.6) 2.0 (0.9) 1.7 (0.5) 1.3 (0.1) Mean 
Distribution* 

(mg/mm) IM 0.6 (0.2) 1.5 (0.5) 2.0 (0.7) 1.6 (0.5) 1.1 (0.2) 

* Significant Main Effect Across Threshold Ranges (p < 0.01) for all outcomes. 
There was NO Significant Main Effect Across Condition (ECPM vs. IM) or NO Significant Interaction 

; (Threshold x Condition) Effect for any outcome. 
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Table 7-2: Primary Outcomes - Percentage Difference and Independent T- test [ECPM vs IM at 28 Days]: 
Lower New-Mineralized and Residual Cortical Apparent Density Threshold Ranges. 

Lower 
Density Residual 
New- Cortical 

Mineralized Bone 
Tissue (> 811 

(200-499 mg / cm*3) 
mg / cm*3) 

Area 
(mm*2) 

% Difference 
(EM / M) 
P Value 

-21% 

p = 0.2 

14% 

p = 0.03* 

Mineral 
Content 

% Difference 
(EM / M) 

- 27% 27% 

(mg/mm) P Value p = 0.2 p = 0.081 

Distance (r) % Difference 
9% 0% 

from Centre (EM / M) 

(mm) P Value p = 0.6 p = 0.6 

Distribution 
[r2 x content] 

% Difference 
(EM / M) 

- 1 % 12% 

(mg/mm) P Value p = 0.9 p = 0.07* 

* = p < 0.05; t= p> 0.05 & 10.1 
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Table 7-3: Secondary Outcomes - Summary Data: Percentage of Intact Side Residual Cortical Area 
(Resorption) and Residual Cortical Average Density (Remodeling) at 28 days. 

Mean 
(+/- SD) 

% 
Difference 

p = value 

Area 
(mm*2) -

% of Intact 
Side 

ECPM 

IM 

98% (19%) 

79% (27%) 
21% p = 0.081 

Average 
Density 

(mg/cm*3) 
- % of 

Intact Side 

ECPM 

IM 

75% (8%) 

75% (5%) 

0% p = 0.9 

t= p > 0.05 & <.0.1 
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CHAPTER 7: FIGURES 

Figure 7-1: A) A photograph of the pQCT scanner set-up. Inset showing the positioning of the scanned 
specimen. B) Schematic of pQCT scanner resolution of the fracture callus / fracture gap. 

The red line / dot = Anatomical Centre 
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Dorsal 

Volar 

Figure 7-2 : Diagram depicting two distance measurements (n and r2) away from the anatomical centre. 
These measurements have been overlaid on a distance map of a 28 day callus. This image is from the 

same callus shown in Figure 7-3. 
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D:(> 811) 

Figure 7-3: A) Histology cross-sectional image of the slice just proximal to the fracture line (undecalcified; 

50 pm thickness; x100 magnification; stain = toludine blue, methyl green, methanil yellow; Black dot = 

anatomical centre) compared to the corresponding pQCT threshold range masks B) 0-199; C) 200-810 and 

D) > 811 from the same 28 day ECPM callus. 
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F i g u r e 7-4: An example of a 28 day callus at the level of the fracture gap showing: R e s i d u a l C o r t i c a l ( R C ) 

bone; N e w M i n e r a l i z e d T i s s u e • I n t r a m e m b r a n o u s O s s i f i c a t i o n ( N M : I ) [higher density new-mineralized 

tissue]; N e w M i n e r a l i z e T i s s u e - E n c h o n d r a l O s s i f i c a t i o n ( N M : E ) [lower density new-mineralized tissue); 

C a r t i l a g e t i s s u e (C) [higher density non-mineralized tissue] and F i b r o u s T i s s u e (F) [lower density non-

mineralized tissue]. With this staining protocol all mineralized tissues stain yellow, cartilage tissue stains 

purple and fibrous tissue stains blue. 3 3 3 4 (Undecalcified tissue; 50 pm thickness; x100 magnification; stain 

= toludine blue, methyl green, methanil yellow) 
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Figure 7-5: ECPM vs. IM across all Threshold Ranges at 28 Days. [* = p < 0.05; t = p > 0.05 & <0.1] 
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VOLAR DORSAL 

B: IM Callus at 28 
Days: Fracture Gap 

Figure 7-6: Digital photo cross-sectional image of A) a typical ECPM and B) a typicial IM callus at the level 

of the fracture gap in two 28 day calluses. In both cases there were still small islands of residual non-

mineralized (cartilage and / or fibrous) tissues present. The darker black / gray areas are histological 

artifact. 
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VOLAR A: ECPM Callus at 28 DORSAL 
Days: Proximal Slide 

B: IM Callus at 28 
Days: Proximal Slide 

Figure 7-7: Digital photo cross sectional images of A) a typical ECPM and B) a typical IM callus just 

proximal to the fracture gap in two 28 day calluses. In both cases there is prolific endosteal and periosteal 

new woven bone deposition. In addition, the more peripheral region of the periosteal callus in the ECPM 

callus shows an example of less dense (thinner trabecular like with much larger spaces between). The 

darker black / gray areas are histological artifact. 
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B: Different ECPM Callus 
at 28 Days: Proximal Slide 

Figure 7-8: Digital cross sectional images of two different ECPM calluses at 28 days (A and B). Both 

these calluses demonstrate areas of the peripheral periosteal callus with markedly less dense (thinner 

trabecular lines and large spaces) suggestive of regional periosteal callus resorption. The darker black / 

gray areas are histological artifact. 
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Endosteal Surface 

0.5 mm 
i 1 

Ulnar 

Normal Cortical Bone 

Dorsal 

Periosteal Surface 

ECPM Residual Cortical 
Bone at 28 Days 

Residual Cortical Bone 
at 28 Days 

B u 

Figure 7-9: Digital Photo Images (Undecalcified; 50 um thickness; x100 Magnification; Stain = Toluidine 

Blue, Methyl Green, Methanil Yellow) showing; A) normal cortical bone compared to the residual cortical 

bone just proximal to the fracture gap in; B) a typical ECPM and in C) a typical IM callus at 28 days. These 

images show an example of less resorption of the residual cortical bone endosteal and periosteal surfaces 

in a ECPM callus compared to an IM callus, as well as, similar amounts of residual cortical bone internal 

remodeling (porosity) in both calluses. Of additional note, is the new woven bone formation directly 

adjacent and connected to the resorbing cortical bone endosteal and periosteal surfaces in both the ECPM 

and IM calluses. 
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CHAPTER 8: SHOULD WE BE MOVING TOWARDS EARLY CONTROLLED MOBILIZATION OF 

EXTRA-ARTICULAR HAND FRACTURES IN BC: A SUMMARY 

8.1 RESEARCH QUESTION ADDRESSED IN THIS CHAPTER 

Should we be moving towards early controlled mobilization of extra-articular hand fractures in BC? 

8.2 INTRODUCTION 

Early controlled mobilization of tendon, nerve and other fragile healing hand injuries is a common 

component of hand therapy practice.1-3 Howev er, early controlled mobilization (ECM) for most extra

articular hand fractures is still not generally recommended during the first three to four weeks of healing.4"6 

The rationale for this disparity in clinical practice is not clear. However, it may be that early mobilization, 

even when performed in a protected and controlled manner is still generally considered by clinicians as 

either 'unsafe' (causing harm) or 'unnecessary' (providing no functional benefit) following an extra-articular 

hand fracture.7 

This thesis examined the introduction of early controlled mobilization in the management of extra-articular 

hand fractures as a possible alternative to acute post-fracture immobilization. In particular it looked at the 

clinical concern related to the potential negative impact of ECM on early fracture healing and alignment 

following an extra-articular fracture. As well it examined the clinical issue of whether or not ECM has the 

potential to improve a person's functional recovery following an extra-articular hand fracture. All of these 

clinical issues were examined in the context of the application of ECM within the health care system in BC. 

The primary objective of this thesis was to investigate the clinical question of: "Should we be moving 

towards early controlled mobilization of extra-articular hand fractures in BC?" This clinical question was 

addressed through a series of research investigations related to this primary clinical inquiry. This chapter 

begins with a brief overview of the key research findings and conclusions from each of the research studies. 

Followed by a discussion of why, based on these research findings, we should be considering a move 

towards early controlled mobilization of extra-articular hand fractures in BC. This chapter ends with an 

overview of some key educational and research initiatives that could be done in an effort to move towards 

early controlled mobilization of extra-articular hand fractures in BC. 
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8.3 SUMMARY OF KEY RESEACH FINDINGS 

8.3.1 Question 1: Can ECM be implemented clinically following an extra-articular hand fracture? 

Research Methodology: A clinical overview (See Chapter 2) 7 

Purpose: To review the clinical literature and describe early controlled motion options for potentially 

unstable hand fractures. 

Summary: Early active motion (< 3 w e e k s ) following an extra-articular hand fracture has been 

recommended in two clinical scenarios: following an open reduction and rigid fixation and following a closed, 

simple, non-displaced fracture. In these instances it is recommended that active motion be introduced in 

conjunction with some additional external regional fracture brace or splint.4-6 The rationale is that these 

fractures have sufficient 'clinical' stability to withstand active motion of the regional joints without interfering 

with fracture healing and / or the fracture alignment. Early active motion is not recommended when the 

fracture lacks sufficient stability or strength to withstand early active motion. Examples of such cases are 

oblique, spiral or comminuted fracture patterns and / or fractures managed with co-aptive or less stable 

fixation methods. In these instances post-fracture immobilization of the hand, wrist and forearm is 

generally recommend for a period of up to 4 weeks.7 

This chapter provided an overview of other ECM options, other than unrestrictive active joint motion, that 

could be considered when an extra-articular hand fracture is perceived to be potentially unstable. These 

ECM alternatives are based on the same rehabilitation principles utilized by hand therapists in the 

management of other fragile healing tissues in the hand. The goal of treatment in the initial 3 to 4 weeks of 

healing is to protect and maintain the integrity of the fracture reduction, using techniques of protective 

support and early controlled motion options that allow safe, pain free, progressive mobilization. This 

overview also noted that the potential benefits of ECM following an extra-articular hand fracture would be 

negated if motion caused fracture-healing problems of delayed, mal-union or non-union. This chapter also 

stressed that the planning, design and timing for the 'safe' implementation of an early controlled 

mobilization program for potentially unstable fractures would require the hand therapist, physician and 

patient to communicate and work in close interdisciplinary partnership. 

Conclusion: Physical and Occupational therapists, with an expertise in hand therapy can apply the 

principles of ECM for the management of potentially unstable extra-articular hand fractures. Developing 

clear guidelines for when and how to utilize ECM following an extra-articular hand fracture requires further 

educational and research collaboration within the hand therapy and hand surgery communities (in BC). 
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8.3.2 Question 2: Is there any scientifically validated clinical evidence to support early motion following 

an extra-articular hand fracture? 

Research Methodology: A systematic review and critical appraisal of the literature (See Chapter 3). 8 ' 9 

Purpose: To examine the level of scientifically validated clinical evidence, defined as at least one good 

quality randomized clinical trial (RCT), related to early motion following a hand fracture. The research 

question was: Does the introduction of early (< 21 days) motion of joints adjacent to a fracture affect 

fracture healing and functional outcomes in people with extra-articular metacarpal or phalangeal fractures 

when compared with people treated with post-fracture immobilization? 

Key Findings: Over 1000 clinical articles were identified as possibly reporting outcomes following a hand 

fracture, however only six met the inclusion criteria. These studies represented 459 patients with simple, 

closed, metacarpal fractures in the second through fifth digits, managed with or without a closed reduction. 

None were managed with any additional fracture fixation. All studies compared fractures treated with 

regional immobilization to some form of unrestricted active motion of joints adjacent to the fracture, 

introduced with either a regional fracture brace or a light compressive elastic bandage. No studies were 

found involving an extra-articular thumb metacarpal, any digital phalangeal or any extra-articular hand 

fracture managed by an open reduction and / or additional fracture fixation. All included studies were rated 

as quasi-randomized (i.e poor or unclear randomization strategies) and poor quality (i.e. limited overall 

quality and internal validity). The heterogeneity of the health outcomes prevented a quantitative synthesis 

of the data, so a qualitative overview was completed. Two additional studies were subsequently found 

(n=100, all closed 5 t h metacarpal neck fractures) that would have met the inclusion criteria. Both were also 

poor quality, quasi-randomized studies that demonstrated improved functional outcomes with early motion. 

Conclusions: There is currently no scientifically valid clinical evidence (i.e. at least one high quality RCT) to 

either support or refute the use of early regional joint motion following any extra-articular hand fracture. 

However, six Quasi-Randomized Clinical Trials (Q-RCT) did show a consistent potential for functional 

benefit with no significant risk of harm when early active motion of regional joints was allowed after a simple, 

closed, extra-articular, finger metacarpal fracture. This suggests that ECM be considered as a possible 

option in these fractures.10 However, it has not been established if early motion interventions would have 

similar effects following a closed, extra-articular thumb metacarpal or any digital phalangeal fracture. Nor 

has the effect of early motion interventions on health outcomes been established in any extra-articular hand 

fracture managed with an open reduction and / or additional fracture hardware fixation. ECM following 

these types of extra-articular hand fractures requires further clinical investigation. 
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8.3.3 Question 3: Who is most at risk for sustaining a hand fracture in BC? 

Research Methodology: A population based epidemiologic study involving a five-year, retrospective 

review, of all BC residents identified with hand fractures in the British Columbia Linked Health Datasets 

(BCLHD) (See Chapter 4 ) 1 1 

Purpose: To identify population based hand fracture annual incidence rates, demographics, and seasonal 

and geographic variation from all people seeking treatment for a hand fracture in British Columbia, Canada 

from May 1,1996 to April 20,2001. 

Key Findings: This study identified 72,481 hand fractures with an estimated 14,500 hand fractures 

occurring each year in a population base of approximately 4 million people in BC. In total 50% were 

phalangeal fractures, 42% were metacarpal fractures and 8% were multiple fractures, with no significant 

trend for a change over time in number of fractures. The annual incidence rate was 36 / 10,000. Age 

adjusted annual incidence rates ranged from 29 /10,000 for people >20 years old to 61 / 10,000 for people 

< 20 years old. Across all ages, males were at a 2.08 relative risk for sustaining a hand fracture. In BC, 

young adolescents of both genders were most at risk for sustaining a hand fracture, likely due to a period of 

bone fragility following a rapid growth in height.1 2 This risk was sustained throughout adolescence and 

young adult years (20 to 30 y.o), most notably in young males. This was likely due to increased behavioral 

risk factors, such as participation in higher risk sport and occupational activities. After the age of 30 until 60 

years old, males continued to be at higher risk again likely due to increased participation in higher risk 

occupational activities. After the age of 65, females began to assume a greater risk for hand fractures, 

suggesting that bone fragility related to age related changes in bone mineral density was also a risk factor 

for hand fractures.13 Rates for hand fractures varied markedly with the season, with the highest rates 

occurring in the spring and summer when the climate in BC would, in general, favor greater outdoor 

activities. Finally, a marked increase in hand fracture relative risk in Northern BC also suggests that socio

economic factors may also be a contributing risk factor for a hand fracture. 

Conclusion: In BC, males between the ages of 15 to 40 are most at risk for sustaining a hand fracture and 

therefore, also most likely to potentially benefit from early controlled mobilization following a hand fracture, 

especially if ECM results in a faster return to normal sport and occupational activities. Young adolescents 

of both genders are also at high risk for sustaining a hand fracture. Greater public awareness related to 

increased hand fracture risk following rapid periods of growth, as well as with participation in higher risk 

sporting and occupation activities could lead to potential preventative measures to help reduce the 

incidence of hand fractures in BC. 
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8.3.4 Question 4: Who is providing the initial care for people with hand fractures in BC and in what 

clinical setting? 

Research Methodology: A population based epidemiologic study involving a five year, retrospective 

review of all BC residents previously identified as having sustained a hand fracture in the British Columbia 

Linked Health Datasets (BCLHD) (See Chapter 5) 

Purpose: To identify who initially provided the medical treatment for these hand fractures and in what 

health care setting. In addition, to examine hand fractures with an associated hospital admission to identify 

who was admitting, the type of admission, wait time, length of stay and geographic variation in hospital 

admission rates. 

Key Findings: In BC, the vast majority (90%) of hand fractures were managed with no hospital admission. 

In addition, just over half were initially treated on a non-emergent out-patient basis with more than 66% 

treated initially by a primary care physician. Hand fracture injuries requiring a day surgery admission were 

almost exclusively (98%) admitted by surgical specialists, with the majority (60%) receiving surgery within 

two days of first being treated as an out-patient. For those requiring an acute hospital admission, the vast 

majority (83%) were either directly admitted to the hospital or admitted on the same day as their initial out

patient care and were likely to be in the hospital for a short period of time (59% LOS = 1 day; 87% LOS < 7 

days). There was also a markedly increased rate for both acute and day surgery admissions in Northern 

BC compared to the rest of the province. This suggests that people in Northern BC may not only be at 

greater risk for sustaining a hand fracture (Chapter 4), but they also appear to be at a higher risk for 

sustaining a more complex hand fracture injury. There are also notably higher rates for day surgical 

admissions on Vancouver Island and acute admission in the Interior compared to the rest of the province. 

The reasons for the geographic variations in hospital admission rates could not be discerned from the data. 

Conclusions: In BC, most hand fractures are initially treated by primary care physicians, with the initial 

point of contact into the medical care system being either a physician's office or an emergency room setting. 

Therefore, potential recruitment into a clinical trial and / or education regarding possible alternatives to cast 

immobilization for simple, closed hand fractures should be directed at primary care and emergency room 

physicians in the province. In BC, people with more complex hand fracture injuries are being referred to 

and treated quickly by, Orthopaedic and Plastic surgeons, with only a small percentage admitted to hospital 

for management of their hand fracture. Education regarding early referrals to hand therapy and / or 

recruitment into clinical trials related to early controlled mobilization of potentially unstable hand fractures 

should be targeted at these surgeon specialists in BC. 
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8.3.5 Question 5: What is the effect of Early Controlled Passive Motion (ECPM) on the quality and rate 

of early fracture healing in a rabbit model? Part 1: Clinical Outcomes. 

Research Methodology: A pre-clinical efficacy study examining the effect of ECPM on fracture alignment 

and 4-point bending structural properties in a rabbit model (See Chapter 6) 

Purpose: To investigate if ECPM was likely to cause harm by affecting the quality and rate of early fracture 

healing in a non-weight bearing limb, closed, potentially unstable, diaphyseal fracture in a rabbit model. 

Methods: Fifty, mature, female, New Zealand White rabbits were pre-conditioned for one week to a non

weight bearing limb brace and a custom molded metacarpal fracture brace. Under general anesthesia, a 

closed 3-point bending fractures were produced, reduced under fluoroscopy and placed back into the 

fracture brace. For four days the rabbits were given twice daily pain medication and were allowed to rest 

and recover. On the fifth day, the randomly allocated early passive motion rabbits began to receive twice 

daily, fifteen minute sessions, of a standardized passive digital flexion and extension motion exercise 

program. Experienced hand therapists did all of the ECPM treatment. The immobilized rabbits received no 

further intervention to the affected forepaw. Rabbits were sacrificed at 5 (n=11), 14 (n=19) and 28 (n=20) 

days post fracture. Blinded outcome evaluations included lateral x-rays, pQCT imaging and four-point 

bending to structural failure. 

Key Findings: All fractures were in the mid-shaft and there was no difference in the distribution of fracture 

pattern across the conditions. The early controlled passive motion fractures during the initial 28 days post 

fracture showed significantly better (p < 0.05) gains in initial stiffness (29% difference at twenty eight days), 

maximum stiffness (21% difference at twenty eight days), failure load (17% difference at twenty eight days) 

and energy absorbed per unit area (21% difference at twenty eight days) when compared to the 

immobilized fractures. They also showed a significant reduction in dorsal fracture angulation (33% 

difference at twenty eight days). Throughout the 28 days, total callus area was not significantly different 

between the two groups. 

Conclusion: Early controlled passive motion did not cause harm by affecting either the quality or rate of 

early fracture healing in a potentially unstable, closed, extra-articular, fracture in this rabbit fracture healing 

model. Rather, in this idealized simulated hand fracture healing model, early controlled passive motion led 

to statistically (p < 0.05) and clinically (> 25% difference) relevant improvements in both fracture initial 

stiffness (our primary outcome) and fracture alignment (our secondary outcome). Therefore, early 

controlled passive mobilization passive following a closed, potentially unstable, diaphyseal hand fracture 

does warrant further clinical investigation in humans. 
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8.3.6 Question 6: What is the effect of Early Controlled Passive Motion (ECPM) on the quality and rate 

of early fracture healing in a rabbit model? Part 2: Callus morphology at 28 days. 

Research Methodology: A pQCT and histological study examining the effect of ECPM on closed fracture 

callus regional tissue distribution at 28-days post fracture (See Chapter 7). 

Purpose: To investigate if there were any quantitative (pQCT) or qualitative (histological) differences in 

fracture callus regional tissue distribution at the 28-day time period for fractures treated with early controlled 

passive motion (ECPM) when compared to fractures treated with immobilization (IM). 

Methods: The 28-day callus's pQCT scan data were re-analyzed using apparent density thresholds defining 

the non-mineralized, new-mineralized and residual cortical bone within the callus. Outcome variables 

included total area and content and mean distance and distribution away from anatomical centre within for 

tissue type (threshold range). The formalin fixed calluses were processed as undecalcified specimens 

through serial dehydration in ethanol and serial infiltration and block embedding in a methyl methacrylate 

based resin. Serial (fracture line + / - one slice) cross sectional slides were cut, ground (50mu) and then 

differentially stained for fibrous, cartilage and mineralized tissues. Two independent evaluators, blinded to 

treatment condition, evaluated the slides for systematic differences in distribution of different tissue types. 

Key Findings pQCT analyses showed ECPM calluses to have significantly more (14% more) residual 

cortical bone tissue, as well as markedly but not significantly more residual cortical bone tissue mineral 

content (27% more) and greater distribution (12% more) than did the IM calluses. Although not statistically 

significant, the IM calluses also had 21% more lower density new mineralized tissue with 27% more lower 

density new mineralized tissue mineral content distributed 9% further away from the anatomical centre of 

the callus than did the ECPM calluses. Histological evaluation showed no consistent differences in the 

distribution of fibrous, cartilaginous, new-mineralized woven or residual cortical bone tissues between the 

two groups. This indicated that both groups were at the same stage of healing at 28 days, with all but 3 

showing a bony union at the level of the fracture. The histology also showed no difference in the amount of 

residual cortical porosity. However, the IM calluses did show some evidence of increased periosteal and 

endosteal surface cortical bone resorption which was consistent with the pQCT findings. 

Conclusion: Early controlled mobilization appeared to influence the early regional distribution of mineralized 

tissue within these 28-day calluses. These differences in mineralized tissue distribution possibly accounted 

for our previous findings of superior mechanical properties of ECPM calluses at the 28-day time period. 

Further investigations into the effect of ECPM on early regional callus mineralized tissue distribution in 

animal fracture healing models are warranted.. 
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8.4 SHOULD WE BE MOVING TOWARDS EARLY CONTROLLED MOBILIZATION OF EXTRA

ARTICULAR HAND FRACTURES IN BC? 

Based on the findings of this thesis, there are a number of clinical scenarios where early controlled motion 

of joints adjacent to a healing extra-articular fracture would be considered appropriate. Therefore, ECM 

following an extra-articular hand fracture is something we should be moving towards in BC. Unfortunately, 

the MSP and HS administrative data evaluated in this thesis do not allow for analyses of specific physician 

practice patterns related to immobilization of extra-articular hand fractures as the data do not identify details 

of the specific treatments provided. In addition, since payments for out-patient occupational therapy 

services and / or costs related to splinting are not covered in the MSP administrative data so it is also 

difficult to predict how many people with an extra-articular hand fracture may already be referred for the 

provision of fracture brace type splints and early controlled motion exercises. However, despite these 

limitations in being able to define the current utilization trends for early motion alternatives following an 

extra-articular hand fracture in BC, it is still reasonable to speculate for whom and under what clinical 

conditions early motion following an extra-articular hand fracture should be considered. 

8.4.1 Early Mobilization of 'Simple, Closed, Undisplaced or Stable' Extra-Articular Hand Fractures 

in BC. 

Given there are currently 65 certified hand therapists working throughout the province, other than in the 

Northern region, it is reasonable to assume that physicians and surgeons working in collaboration with 

therapists specializing in hand therapy may well be familiar with the recommendations for functional 

fracture bracing and early active motion for simple, closed, undisplaced metacarpal fractures. Therefore, 

they may already be referring some of their patients to hand therapists for regional functional fracture 

bracing or splinting and early mobilization. Physicians and surgeons not working in collaboration with hand 

therapists specializing in hand therapy but also familiar with the concept of functional fracture bracing, may 

also be utilizing limited casting and / or regional taping and elastic compressive bandaging options in the 

management of these types of fractures. However, it is most likely that the majority of simple, closed, likely 

clinically stable extra-articular hand fractures in BC are being managed by primary care physicians opting 

to immobilize the hand, wrist and forearm for periods of up to one month. 

Further continuing education directed at the primary care and emergency room physicians regarding early 

functional fracture bracing options for simple, closed, minimally displaced metacarpal fractures would 

increase the likelihood that these early motion treatment options would be considered. This education 

should include the design of modified casting or splinting options for closed metacarpal fractures and 
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recommendations for how they could be applied in a physician's office or emergency room setting. In 

addition, details of the patient education and early active motion exercises related to functional fracture 

bracing treatment should be reviewed, including how they can be implemented by a primary care physician 

as part of normal post-fracture medical follow-up. Finally, given that further clinical trials are needed to 

evaluate the efficacy or effectiveness of the use of functional fracture bracing and early active motion 

following simple, closed, minimally displaced phalangeal fractures, functional fracture bracing for these 

types of fracture injuries in BC should be implemented by therapists specializing in hand therapy and only 

in collaboration with a knowledgeable referring physician. 

8.4.2 Early Mobilization 'Following an Open Reduction and Rigid Fracture Fixation' of an Extra-

Articular Hand Fracture in BC. 

In BC, the more complicated hand fracture injuries are being referred to and treated by Orthopaedic and 

Plastic surgeons. So it is likely that patients admitted to hospital for a more extensive surgical intervention, 

would be referred post-operatively to hand therapists for splinting and likely some form of early controlled 

mobilization, especially in areas in the province with access to specialized hand therapy services within the 

hospital. However, only small percentages (10%) of hand fractures in BC are being treated surgically. In 

addition, the percentage of those that are likely managed by surgeons with knowledge of, and access to, 

the specialized surgical implements associated with small hand bone rigid internal or external fixation likely 

limits the number in patients in BC that are actually treated with these more rigid fixation options. 

8.4.3 Early Controlled Mobilization of 'Potentially Unstable' Extra-Articular Hand Fractures in BC. 

The results of the research in this thesis related to the effects of ECPM on the quality and rate of early 

fracture in a rabbit model provide the basic scientific support for moving towards clinical trials in humans. 

Such trials could examine the efficacy of Early Controlled Motion (ECM) in the management of potentially 

unstable, closed, extra-articular hand fractures in humans. In addition it is feasible, given the large number 

and diverse regional distribution of hand therapists in the province of BC, to be moving towards designing 

and implementing multi-centered, prospective, randomized clinical trials for potentially unstable extra

articular hand fractures. Finally, as with early mobilization following closed, stable phalangeal fractures, the 

use of ECPM for individual patients in BC with closed, potentially unstable extra-articular fractures should 

only be implemented by therapists specializing in hand therapy. As well this should be done only in 

collaboration with a referring physician or surgeon with an expertise in hand fracture injuries. 
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8.5 RECOMMENDATIONS FOR MOVING TOWARDS EARLY CONTROLLED MOBILIZATION OF 

EXTRA-ARTICULAR HAND FRACTURES IN BC 

8.5.1 Educational Initiatives: 

• Include the positive effects of early micro-motion on early fracture healing, as well as the clinical 

concepts of functional fracture bracing and biologic or flexible fixation in the management of long 

bone diaphyseal fractures in the curriculum of all students training to become physicians and 

therapists in the province. 

• Offer opportunities for students training to be physical and occupational therapists in the province 

to learn about the specialization of hand therapy. Provide opportunities for rehabilitation student 

placements and clinical mentorship opportunities in facilities that offer specialized hand therapy 

services, including early mobilization of extra-articular hand fractures. 

• Provide continuing education opportunities regarding the principles and practical application of 

early controlled mobilization for potentially unstable extra-articular hand fractures for Orthopaedic 

and Plastic surgeons and therapists specializing in hand therapy in the province. 

• Provide continuing educational opportunities for primary care and emergency medicine physicians 

in the province regarding limited casting or splinting alternatives, as well as early motion 

alternatives that could be implemented directly as a component of their management of simple, 

closed, undisplaced extra-articular metacarpal fractures. Furthermore, review the indications for 

referral to surgeons and therapists specializing in the management of more complex extra-articular 

hand fracture injuries.. 

• Provide educational opportunities for the medical advisors and case managers at the WCB of BC 

regarding the management of simple, closed, minimally displaced extra-articular hand fractures 

with functional fracture bracing and early controlled motion. In addition, educate them on the role of 

specialized hand therapists in the early management of the more complex hand fracture injuries. 

Given the hand therapy network that is already in place, pro-active referrals for work related hand 

fractures for an early hand therapy consultation and / or treatment could be facilitated by the WCB 

of BC. 

• Increase public awareness of the increased risk for a hand fracture in all young adolescents, as 

well as, a continued heightened risk for males between the ages of 15 to 40. This could lead to 

potential preventative measures, particularly in high risk sporting and occupational settings, that 

could reduce hand fracture risk and therefore reduce the incidence of this common injury BC. 
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8 . 5 . 2 R e s e a r c h I n i t i a t i v e s : 

• Further basic scientific research examining the effect of early controlled mobilization on closed, 

extra-articular fracture early regional tissue distribution is warranted. In particular the use of higher 

resolution micro-CT scans, that examine the regional distribution of all mineralized tissue 

throughout the healing callus, combined with dynamic fluorescence labeling and histomorphometry 

could lead to a better understanding of how early physiologic loads may influence the re

distribution of mineralized tissues within the healing callus. 

• Prospective, multi-centered, randomized clinical trials in humans are warranted, examining the 

effect of early controlled motion alternatives on short and long term functional outcomes in 

individuals with: 

> Simple, closed, minimally displaced, extra-articular phalangeal fractures managed with or 

without reduction and / or percutaneous pin fixation. 

> Simple, closed, minimally displaced, extra-articular thumb metacarpal fractures managed with 

or without reduction and / or percutaneous pin fixation. 

> Simple, closed, potentially unstable, extra-articular metacarpal or phalangeal fractures 

managed with or without reduction and / or additional fracture fixation. 
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DARE abstract 20049807 

Is there evidence for early m o b i l i z a t i o n f o l l o w i n g an extraarticular hand fracture? 

Feehan L M . Bassett K . Is there evidence for ear ly m o b i l i z a t i o n f o l l o w i n g an 
extraarticular hand fracture?. Journal o f H a n d Therapy, 2004;17(2):300-308. 

This record is a structured abstract written by C R D reviewers. The original has met 
a set of quality criteria. Since September 1996 abstracts have been sent to authors 
for comment. Additional factual information is incorporated into the record. Noted 
as (A:....). 

C R D summary 

This r ev iew assessed the effectiveness o f early mob i l i s a t ion o n fracture hea l ing and 
function after an extraarticular hand fracture. The authors conc luded that there was 
insufficient evidence to support or refute the use o f early mob i l i s a t ion after an 
extraarticular hand fracture, and that further research is required. T h i s was a w e l l -
conducted rev iew and the authors' conclus ions are l i k e l y to be re l iable . 

Author's objective 

The authors' objective was to assess the effectiveness o f ear ly mob i l i s a t ion o n fracture 
hea l ing and funct ion after an extraarticular hand fracture. 

Specific interventions included in the review 

Studies that compared complete fracture i m m o b i l i s a t i o n o f both jo ints p r o x i m a l and 
distal to the fracture w i t h ear ly mob i l i s a t ion (less than 21 days) o f one or both jo in ts 
adjacent to the fracture were e l ig ib le for inc lus ion . Studies c o u l d use addi t ional 
interventions on ly i f the same interventions were used in both treatment groups. Studies 
i n w h i c h fractures were reduced, or i n w h i c h any type o f hardware fracture f ixa t ion was 
used, were inc luded . A l l o f the inc luded studies compared t radi t ional plaster cast 
i m m o b i l i s a t i o n (for 2 to 4 weeks) w i t h some fo rm o f ear ly unrestricted active mot ion . 
The studies used different forms o f external support: this var ied f rom unrestricted m o t i o n 
i n a l l jo ints , e.g. taping, to supports that potent ial ly restricted movement i n the affected 
digi t but a l l owed fu l l unrestricted mo t ion o f the affected d ig i t metacarpal phalangeal jo in t 

Participants included in the review 

Studies o f participants o f either sex and any age, with, an open or c losed extraarticular 
hand fracture (or fractures) i n any digi t , were e l ig ib le for inc lus ion . Part icipants w i t h 
intraarticular metacarpal or phalangeal fractures were excluded, as were those w i t h 
associated soft tissue trauma. The participants had s imple c losed fractures o f the second 
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to fifth digits. The mean age of the participants (reported in 4 studies) ranged from 22 to 
31 years. 

Outcomes assessed iu the review 

Studies that assessed 'healing status' or 'functional status' were eligible for inclusion. The 
primary outcomes were the time to union for healing outcomes, and the test score on 
Standardised Hand Function Test or Health-Related Quality of Life Test Instrument for 
function. Studies iu the review assessed fracture angulation, adverse skin reactions, 
mobility, grip strength and the time to return to work. The outcomes were assessed up to 
6 months. 

Study designs of evaluations included in the reviews 

Prospective controlled clinical trials, quasi-randomised and randomised controlled trials 
(RCTs) were eligible for inclusion. In the review. quasi-RCTs were defined as studies 
reported as RCTs. but with unclear or inadequate description of the method of 
randomisation and with inadequate concealment of treatment allocation. 

What sources were searched to identify primary studies 

MEDLINE. EMBASE, BIOSIS Previews, SciSearch and OSHROM (for occupational 
medicine databases) were searched. Searches for unpublished studies were conducted 
using in-house databases and directories, commercial databases, web library catalogues, 
contact with trialists, peer-reviewed internet sites, internet search engines and 
handsearch.es of reference lists (specific sources were stated in the paper). No date or 
language limits were applied to the searches. 

Criteria on which the validity (or quality) of studies was assessed 

Studies were assessed using 18 items modified from published criteria (see Other 
Publications of Related Interest nos. 1-2). The items assessed were patient selection, 
interventions, protocol violations, outcome evaluation and analysis. An 'overall quality 
assessment score' (maximum score 1 8 ) and an 'internal validity' percentage score 
(maximum score 11) were calculated. Studies scoring over 70% were considered to be of 
a high quality. 

How were decisions on the relevance of primary studies made? 

Two reviewers independently selected studies and resolved any disagreements by 
consensus. 

How were judgements on the validity (or quality) made? 

Two reviewers independently assessed validity using a standardised and pre-tested form. 
Any disagreements were resolved by consensus. 
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H o w were the data extracted from p r imary studies? 

One reviewer extracted the data using a standardised form and a second reviewer checked 
the accuracy. 

Number of studies included in the review 

Six quasi-RCTs (n=459) were included. 

H o w were the studies combined? 

The studies were grouped by outcome and a narrative synthesis was undertaken. 

H o w -were differences between studies investigated? 

Differences between the studies were discussed in the review. 

Results of the review 

A l l 6 studies were considered to be of a low quality. No studies assessed the primary 
review outcomes. Tliree studies that assessed the change in fracture alignment or 
malunion found no statistically significant change from baseline fracture angulation in 
any treatment group. These 3 studies, which used functional fracture braces, found 
different results for adverse skin reactions. One study found considerably more adverse 
skin reactions in the early mobilisation group provided with a commercially available 
three-point pressure metacarpal fracture brace (17 of 65 patients versus 0 of 68 patients 
with an immobilisation cast). Two studies using custom-moulded braces found no 
pressure sores or skin necrosis in any treatment group. A l l 6 studies found that early 
mobilisation statistically significantly improved mobility immediately after the end of the 
immobilisation period, compared with immobilisation, but found no difference in 
mobility between treatments at the final follow-up. Three studies found that early 
mobilisation statistically significantly improved strength immediately after the end of the 
immobilisation period in comparison with immobilisation. One study found that early 
mobilisation statistically significantly reduced time to return to work in comparison with 
immobilisation. 

Was any cost information reported? 

No. 

Authors ' conclusions 

There was insufficient evidence to support or refute the use of early mobilisation after an 
extraarticular hand fracture. Further research is required. 

C R D commentary 

164 



The review question was clear in terms of the study design, intervention, participants and 
outcomes. The search for relevant studies was extensive and attempts were made to 
minimise language and publication bias. Two reviewers independently selected studies 
and assessed validity, and methods were used to minimise bias in the data extraction 
process. Val idi ty was formally assessed, but the criteria used were not. explicitly stated. A 
narrative synthesis was appropriate given the small number of diverse studies. This was a 
well-conducted review and the authors' conclusions are likely to be reliable. 

What are the implications of the review? 

Practice: The authors did not state any implications for practice. Research: The authors 
stated that well-conducted R C T s are required to evaluate the efficacy and effectiveness of 
early mobilisation after extraarticular hand fractures. 

Other publications of related interest 

1. Verhagen AR, de Vet H C de Bie R A , Kessels A G , Boers M , Bouter L M , et al . The 
Delphi list: a criteria list for qualify assessment of randomized clinical trials for 
conducting systematic reviews developed by the Delphi consensus. J Clin Epidemiol 
1998:51:1235-41. 2. van Tutder M W , Assfendelft W J , Koes B W , Bouter L M . Method 
guidelines for systematic reviews in the Cochrane Collaboration Back Review Group for 
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Appendix 3-2: Study Quality Assessment Form 

1 6 6 



STUDY METHODOLOGY - QUALITY EVALUATION FORM 

STUDY TITLE: Assessed by: LF KB 

PROTOCOL: 

• Refer to 'Operatioiializatioil Criteria clarification for each question. 
• If disagreement occurs, then discuss and come to consensus / agreement. If no consensus, then a 31* person 

will decide. 
• When variable is still considered 'unclear' after reviewer discussion. If item considered 'likely yes" then it 

will be scored positively if item considered ' likely no' it will be scored negatively. 

Patient Selection: (circle most appropriate) 
1. Were the inclusion and exclusion criteria for entry into the 

trial clearly defined? 
Yes / No / Unclear 

2. * Were patients randomly allocated to treatment, condition? Yes / No / Unclear 
3. * Was the treatment allocation adequately concealed? Yes / No / Unclear 
4. Were important baseline characteristics reported and 

comparable? 
Principle coiifouuders are: age. gender. # location, # angulation, # duration, 
method of reduction, method of hardware fixation and timing of ECM. 

Yes / No / Unclear 

Intervention / Care Program: 
5. Were the experimental and control interventions / care 

programs explicitly described? 
Yes / No / Unclear 

6. * Was the care provider blinded to The care program? N/A 
7. * Was the patient blinded to the care program? N/A 

Protocol Violations: 
8. * Were co-interventions avoided or comparable between 

groups? 
Yes / No / Unclear 

9. * Did at least 80% of each group complete the study? Yes / No / Unclear 
10. * Was compliance with the prescribed care program 

acceptable in all groups? 
Yes / No / LJnclear 

Outcome Evaluation: 
11. * Was the outcome evaluator blinded to the care program? Yes / No / Unclear 
12. Were, the outcome, measiires clearly defined, measured 

objectively and clinically relevant? 
Yes./ No / Unclear 

13. * Were adverse effects / complications described for all 
groups? 

Yes / No / Unclear 

14. * Was the riming of outcome evaluation comparable between 
all groups? 

Yes / No / Unclear 

15. Was the duration of follow-up clinically appropriate? Yes./ No / Unclear 
Analysis: 

16. * Were the outcomes of patients who did not complete the 
trial or who did not comply with the care programs clearly 
descnbed and included in the analysis (intention to treat)? 

Yes / No / Unclear 

17. Were point estimates and measures of variability presented for 
the primary outcome measures? 

Yes / No / Unclear 

IS. Was the sample size for all groups described? Yes / No / Unclear 
Additional Reviewer Comments: 

* Internal Validity Items 

Health Outcomes Following Early Mobilization of Extra-articular Hand Metacarpal and Phalangeal Fractures -
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Appendix 3-2: Study Quality Assessment Form (con't) 

'OPERATIONALIZATION' CRITERIA 

SECTION ONE: PATIENT SELECTION 

1. Were the inclusion and exclusion criteria for entry into the trial clearly defined? 

Yes, clearly defined. 
Unclear, or inadequately defined. 
No, not defined. 

2. Were, patients randomly allocated to treatment condition? 

Yes, method of assignment was (unpredictable) or truly random. 
Note: Use of DOB, Date, days of week should not be considered as 'truly random'. 

Unclear, or inadequate attempts to randomize treatment allocation (quasi-random assignment). 
No, there was no attempt to randomly allocate to treatment condition. 

3. Was die treatment allocation adequately concealed? 

Yes, the method of allocation did not allow for disclosure of the treatment allocation to the 
'care team' prior to completion of the initial medical / surgical management. 

Unclear, inadequate, small but possible chance for disclosure of the treatment allocation to the 
'care team' prior to completion of the initial medical / surgical management. 

No, there was no attempt to conceal allocation (eg: open list / tables) to the 'care team'. 

4. Were important baseline characteristics reported and comparable? Principle confounders were considered to be 
age, gender, fracture location, fracture angulation, fracture duration, method of reduction, method of fixation 
and timing of initiation of E C M 

Yes. good comparability of groups for key confounding variables, or confounding adjusted for 
in the analysis. 

Unclear, confounding small, mentioned but not adjusted for. or comparability reported in text 
without confirmatory data. 

No, a large potential for confounding or poor comparability, or not discussed. 

SECTION TWO: INTERVENTION / CARE PROGRAMS 

5. Were the experimental and control interventions / care programs explicitly described? 

Yes, the. care program / interventions for all groups are clearly described and in enough detail to 
be able to replicate the study. 

Unclear, or inadequate description of the specific details of the care programs / interventions, 
making it difficult to replicate the study. 

No, the specific details of the care programs / interventions were not described. 

6. Was the care provider blinded lo the care program provided? (Impossible) 

7. Was the patient blinded to the care program provided? (Impossible) 

SECTION THREE: PROTOCAL VIOLATIONS 

8. Were co-interventions avoided or comparable between groups? 

Yes, care programs clearly identical other that intervention of interest. 
Unclear, or inadequate description, but likely trivial differences, or some evidence of comparability. 
No, not mentioned or clear and important differences in care programs other than intervention of 
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Appendix 3-2: Study Quality Assessment Form (con't) 

interest. (Note: Describe specific concerns in comment section of evaluation form) 

9. Did at least 80% of each group complete the study? 

Yes. withdrawal / drop out rates well described with all groups having at least 80% of sample 
complete the study. 

Unclear, or inadequate description of withdrawal / drop out rates. Small or moderate chance of less 
than an S0% completion rate for all groups. 

No, mention or one or more of the study groups did have less than an S0% completion rate. 

10. Was compliance with the prescribed care program acceptable in all groups? 

Yes, reasonable attempts were made to monitor / measure compliance and it is unlikely that 
significant numbers in any group varied .significantly from the prescribed care program. 

Unclear, or inadequate description of care program compliance making it difficult to determine if 
significant numbers in any group varied significantly from the prescribed care program. 

No, mention or no attempt to measure or monitor compliance with prescribed care program, 
therefore unable to determine if significant numbers in any group varied significantly from the 
prescribed care program. 

SECTION FOUR: OUTCOME EVALUATION 

11. Was the outcome evaluator blinded to the care, program? 

Yes, effective action taken to blind outcome evaluator to care program. 
Unclear, or inadequate attempts (eg: small or moderate chance of unbliudiug) to blind outcome 

evaluator to care program 
No, mentioned or large chance for 'uublinding' of outcome evaluator to care program. 

12. Were die outcome measures clearly defined, measured objectively and clinically relevant? 

Yes, the outcome measures were clearly defined, measured objectively and clinically relevant. 
Unclear, or inadequate description of outcome measures, primary outcomes appeal' to be objective 

and clinically relevant. 
No, the outcome measures were not clearly described, or were soft' / subjective outcomes or were 

not clinically relevant. (Note: Describe specific concerns in comment section of evaluation form) 

13. Were adverse effects / complications described for all groups? 

Y'es, adverse effects / complication were clearly described for all groups. 
Unclear, or inadequate descriptions of the adverse effects / complications, making it difficult to 

determine if there were differences between the groups. 
No. the adverse effects / complications were NOT clearly described, impossible to determine if 

there were differences between groups. 

14. Was the timing of outcome evaluation comparable between all groups? 

Yes, the timing of outcome evaluation for all primary outcomes was comparable between groups. 
Unclear, or inadequate description of the timing of outcome evaluation, making it difficult to 

determine if comparable between groups. 
No, the timing of outcome evaluation for all primary outcomes was NOT comparable, between 

groups. 

15. Was the duration of follow-up clinically appropriate? NOTE: Healing should be 3 mths. Function can be less 
than 3 mths. 

Yes. all primary outcomes had 'clinically appropriate' follow-up duration in all groups. 
Unclear, inadequate or incomplete descriptions of follow-up duration for all primary outcomes, 
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Appendix 3-2: Study Quality Assessment Form (con't) 

making it difficult to determine if all groups were followed for a clinically appropriate duration. 
No, the duration of follow-up for all primary outcomes was NOT clinically appropriate. 

(Note: Describe specific concerns in comment section of evaluation form) 

SECTION FIVE: ANALYSIS 

16. Were the outcomes of patients who did not complete the trial or who did not comply with the. care programs 
clearly described and included in the analysis (intention to treat)? 

Yes, withdrawals and poor compliance were well described and accounted for in analysis 
(intention to treat analysis was done). 

Unclear, no mention, unclear or inadequate mention, or obvious differences and no adjustment. 
No, withdrawals and poor compliance were described and NOT accounted for in analysis 

(NO intention to treat, analysis) 

17. Were point estimates and measures of variability presented for the primary outcome measures? 

Yes, there were appropriate point estimates (eg: mean, median) and measures of variability (eg: 
SD. 95% CI) presented for all the primary outcome measures. 

Unclear, incomplete or inadequate presentations of appropriate point estimates and measure of 
variability, however, these could be separately determined given the data presented. 

No, there were NO point estimates (eg: mean, median) and measures of variability (eg: SD, 95% 
CI) presented for the primary outcome measures and there was not way to separately 
determine this information given the data presented. 

18. Was the sample size for all groups described? 

Yes, sample size / group was reported. 
Unclear, specific numbers not reported directly, but could be calculated given data presented. 
No, sample size / group was NOT reported and could not be separately determined. 
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APPENDIX 4.1: Clinical Study Ethics Approval Form 
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Appendix 6-1: A Priori Power Calculation. Used in AO Foundation Grant Application 

173 



Estimation of Sample Size and Power: 

Primary outcome comparison: Mean Failure Torque (n-m) @ 28 days, IM x EA 
Statistical Test: Independent, Two-tailed, T-test, normal distribution, equal 

variance and sample sizes. 
Sample Size: 10 / condition 
Alpha: .05 
mui [estimatedpopulation mean (IM)]: .3 n-m* 
sigma (estimated standard deviation): . 1 n-m* 

Effect Size: Power: 
.1 (+33%) .61 
.125 (+40%) .80 
.15 (+50%) .92 

* Bouxsein ML et al. Recombinant Human Bone Morphogenetic Protein-2 accelerates healing in a rabbit ulnar 
Osteotomy model. JBJBS 2001 ;83A:1219-30. 

Clinical significance: Clinical significance has been defined as a 40% improvement in ultimate failure torque in 
the EA group as compared to the IM group at 28 days. Based on these power calculations, with a sample size of 
10 rabbits / condition, we will have an 80% probability of accurately detecting a population mean difference in 
ultimate failure torque of >40% between the immobilized (IM) and early active (EA) groups at the 28-day healing 
period. 
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APPENDIX 6.2: Ethics Approval Form, Animal Care Committee 
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Appendix 6-3: 4-Point Bending Fixture Set-Up and Drawings 
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A) Digital Picture of the 4-Point Bending Set-up with an Intact 3rd Metacarpal Specimen- Shown from a 
Distance. The red arrows indicate dynamic or adjustable components. 
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Appendix 6-2: 4-Point Bending Fixture Set-Up and Drawings (con't) 

B 

Roller 
Bearing: 

360° 
Upper 
Fixture 

V 

Adjustable 
Screw: Fixture 
length can be 
adjusted by 
sliding up or 

down 

•A 

m 

74 

Lower 
Fixture 

B) 4-Point Bending Fixture Design Drawings (Upper and Lower Components - Side view). Values are in 
mm. 
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Appendix 6-4: Treatment Condition x Time Period Graphs - Other Key Outcome Variables: 
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Condition Main Effect (p <0.05) 

Time Main Effect (p <0.05) * 

Interaction Effect (p < 0.05) / 

Difference at 28 Days {p <0.05) J 

Failure Load 

5 Days 

Energy to Failure 

5 Days 14 Days 28 Days 

Energy to Failure / Area 

5 Days 14 Days 28 Days 

A) Failure Load, B) Maximum Stiffness, C) Energy to Failure, D) Energy to Failure / Area. 
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Appendix 7-1: ImageJ Distance Measurement Macros 
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Acknowledgement: These macros were written for ImageJ by David Cooper, PhD. Post-Doctoral Fellow. 
Bone Health Research Group, Centre for Hip Health, University of British Columbia, Vancouver, Canada. 
June 26,2006 

//This macro measures the densities of pixels under the threshold mask 
// 
macro "Pixe lDens i t i es" 
{thresh = ge tNumber("Bone f rom B a c k g r o u n d Threshold:" , thresh); 
x=getWidth() ; 

y=getHeight(); 
run("Clear Results") ; 
run("32-bit"); 
run("Set Measurements . . . " , " mean centroid invert redirect=None decimal=3"); 
for (z=0; z<y; z++) { 
for (i=0; i<x; i++) { 

test=getPixel(i ,z); 
i f (test>thresh) { 
m a k e R e c t a n g l e ( i , z , l , l ) ; 
run("Measure");} 

//This macro calculates distance from a user defined landmark 
// 
macro "Dis tanceFromLandmark" 
{setTool(7); 

bee-pO; 
print(" A n a t o m i c a l Landmark Needed") ; 

leftButton=16; 
x 2 = - l ; y 2 = - l ; z 2 = - l ; f l ags2=- l ; 
logOpened = false; 
c l i c k = 0; 
w h i l e ( c l i ck< 1) { 

ge tCursorLoc(x , y , z, flags); 
i f (x!=x2 || y!=y2 || z!=z2 || flags!=flags2) { 

s = " " ' 
i f (flag's&leftButton!=0){ 

s = s + "<left>"; 
c l i c k = 1; 
beep();} 

print(x+" "+y+" "+z+" "+flags + "" + s); 
logOpened = true; 
startTime = getTime();} 

x2=x; y2=y; z2=z; flags2=flags; 
wait(10);} 

yinvert=getHeight(); 
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A p p e n d i x 7-1: ImageJ Distance Measurement Macros (con't) 

anatx = x + 0.5; 
anaty = yinvert - (y + 0.5); 
n = nResults; 
for (i =0; i < n; i++){ 

xraw = getResult("X", i); 
yraw= getResult("Y", i); 
xdistance = xraw - anatx; 
ydistance = yraw - anaty; 
Distance - sqrt(xdistance * xdistance + ydistance * ydistance); 
setResult("Dist.From.Landmark", i , Distance); } 

updateResults();} 

//This macro maps the distance values onto an image* 
// 
macro "DistanceMap" 
{run("Set Measurements..."," mean centroid invert redirect=None decimal=3"); 
run("Duplicate...", "DistanceMap.tif); 
run("Select All") ; 
run("Clear"); 
run("8-bit"); 
n = nResults; 
for ( i=0; i<n; i++){ 

distance= getResult("Dist.From.Landmark", i); 
x = getResult("X", i); 
y = getResult("Y", i); 
yinvert = getHeight()-y-l; 
setPixel(x, yinvert, distance);} 

updateDisplayQ;} 

184 



Appendix 7-2: Undecalcified Callus, Histology Tissue Preparation Protocol 
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Procedure Solution 
& 

# Days 
in 

In Out Comments 

Fixation Formalin & 
10% Buffer 

1 day Rinse x5 DH20, Freeze @ -
20C until dehydration 

Dehydration 10% ETOH 2 hours Thaw, Ends cut off with 
diamond saw - specimens ~ 
12mm. 

30% ETOH 1 day 

50% ETOH 3-4 days 

75% ETOH 3-4 days 

90% ETOH 3-4 days 

95% ETOH 3-4 days 

100% ETOH 3-4 days 

100% ETOH 3-4 days 

Infiltration 30/70 
Technovit/ 
ETOH 
(T/E) 

3-4 days 

50/50 T/E 3-4 days 

70/30 
T/E 

3-4 days 

100% T 3-4 days 

100% T 
3-4 days 

Embedding 100%T 24 hours Embed perpendicular to long 
axis of the bone, parallel to 
the fracture line 

Rabbit Metacarpal Fixation, Dehydration, Infiltration & Embedding Schedu 

Feehan / Oxland - Fracture Healing Study 

Note: All Fixation, Dehydration and Infiltration Steps 
Store in Vacuum Jar at 25 mm hg on slow oscillation tray. 
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APPENDIX 7-3: Undecalcified Bone Trichrome Staining Protocol 
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Source: Personal Communication and Adapted From: Park SH. Tissue Healing Laboratory at the J . 
Vernon Luck Orthopaedic Research Center at Orthopaedic Hospital 
E-mail: SANG HYUN PARK [SPARK@laoh.ucla.edu] 

This protocol used in the following Studies: 

> O'Connor KM, Park SH, Bahk WJ, McKellop H. Variation in fracture healing associated with the 
timing of motion initiation. Trans Orthop Res Soc 23:263,1998. 

> O'Connor KM, Lin WS, Park SH. Timing of the initiation of interfragmentary axial motion is an 
important determinant of callus development and fracture strength. Phys Ther 79:S64,1999. 

From: (http://pt.usc.edu/labs/BJHL/imaqes/opcallus.ipq) 
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APPENDIX 7-3: Undecalcified Bone Trichrome Staining Protocol (con't) 

TOLUIfflNE B L U E , METHYL G R E E N . M K T A N I 1 . Y E L L O W . 

SAFETY: Wear gloves and protective Clothing. Procedures involving chloroform, or 
concentrated acids must be done in the hood. 

Results: 
Undeculcifiod Cartilage- Purple 
Calcified Cartilage- Light Green 
Bone- Yellow; new bone is darker 
Osteoid- Blue Violet 
Fibrous Tissue- Blue Violet 
Cell nuclei- Blue Violet 

Note: Methyl Green washes out with subsequent acid steps. Also seems to fade over 
time. 

Stain Solutions: 

1. Toluidme Blue O 1:3 Stain: 
. Mix Stock Toluidme Blue: 1 gm Toluidine Blue O (CI 52040) 

1 gm Sodium Borate Decahydrate 
100 ml Deionized Water (DH20) 
Stir Approx. 30 min. 

• 1:3 Stain: 1 part Stock TB + 3 parts DH20 
o Shake well 
o Store in tightly closed jar; Stable for at least one year. 

2. Methyl Green (chloroform washed) 
• Mix primary 2% Methyl Green Solution: 2 gm Methyl Green (Sigma 

M-8884) 
100 ml DM20 
Stir 1 hour 
Filter 

•Note: There is no CI: FW 653.2; C27H35N2BrCI.Zt»C12 
(Not the same as CI 42585) 

• Wash Primary Methyl Green Solution to remove Methyl Violet 
o Perform in Hood 
o Set up separation flash 
o Mix Primary Methyl Green with Chloroform 

" Approximately 1.5-2 pans Methyl Green to 1 part 
Chloroform 

• Shake to mix well 
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APPENDIX 7-3: Undecalcified Bone Trichrome Staining Protocol (con't) 

o Let. settle until purple bottom layer is translucent (use flashlight for 
back light) 

o Drain purple layer 
o Add Chloroform as above and wash again. This time the 

translucent layer should be turquoise rather than purple; if still 
purple repeat again, 

o Pour top 'sludge like' layer into a beaker or Erlenmeyer flask and 
let sit in hood, open overnight to let residual chloroform evaporate, 

o Waste chloroform with methyl violet .can be evaporated in the 
hood or disposed of according to laboratory policy. 

• Dilute washed Methyl Green to a 1% solution 
o Add equal parts of Methyl Green and DH20 
o Mix well 
o Filter again 
o Store in tightly closed jar; Stable for at, least 1 yean 

3. 1% Met anil Yellow 
• Mix: 1 grn'Mclanil Yellow (Cl 13065) 

100mt'DH20 
Stir 30-60 minutes to dissolve crystals well 

• Store in tightly closed jar: Stable for 3 months +; can filter if crystals 
appear. 

Prepare other Agents: 

1. Deiomzed water ( in squirt jar) 
2. Ii 10% E T O H (absoluteXin squirt jar) 
3. 0.5% Formic Acid: . I ml concentrated Formic Acid* 

l99mlDH20 
Stir well 

4. 0.5% Glacial Acetic Acid; 1 ml concentrated Acetic Acid* 
199mlDH20 
Stir well 

'Note: Open and handle concentrated acids ONLY IN HOOD and 
when wearing protective gloves. 

Ready Supplies and Equipment: 
1. Oven at 20-32 C 
2. Staining tray; pipettes; 
3. Tooth Picks 
4. Staining dishes with racks for number of sections to be stained in Tol Blue 

simultaneously 
5. Staining dishes equal to 4 for rinsing 
6. Mounted MM A sections 
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APPENDIX 7-3: Undecalcified Bone Trichrome Staining Protocol (con't) 

Staining Procedure: 
!.. Warm Toluidme Blue O 1:3 Stain in staining dishes for 30-60 minutes in oven 
2. Stain sections in Toluidine Blue in oven for 2 hours 
3. Rinse with DH20 (flush in rack under running water in sink, until clear) 

Note: Toluidine Blue Stain may he kept in staining dishes, and re-used 3-4 times 
4. Store sections in DH20 in clean staining dishes 

The next steps should be done dn the staining rack'3-5 sections ut a time: 
5 . Shake excel water from section 
6. Etch w i t h 0,5% Formic Acid for 20 seconds; swirl acid over surface with 

toothpick 
7. Rinse Immediately, with DH20 to remove- all. acid 
8. Stain'with'Methyl Green for 5 minutes 
9. Rinse well wUh.DH.20 

Note: Sections may be dried at this point and store for .a week .before completing 
the final stain with Metanil Yel low. 

10. Stain with Metanil Yellow for 2 minutes, then add'one drop of'0.5% Acetic acid 
to the Metanil Yel low on the slide; it wi l l turn brown. Swirt and mix acid and 
Metani l .Yel low for 10 seconds with toodipick. 

11. Rinse with 0.5% Acetic acid; until no brown remains 
Note: do this quickly; do not let. section sit in acid as it wi l l remove plastic and 
create artifacts in the section. 

12. Rinse immediately with 100% E T O H until it runs clear (no yellow) 
13. To lighten corticalbone rinse with DH20 quickly (1-2 pipettes) 
14. Rinse with 100% E T O H again to remove DIT20 
15. Blot surface dry with paper towel; Store in closed tray to prevent dust 

accumulation on surface that isnot cover'slipped. 
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