Orthopedic Research and Reviews Dove

REVIEW
Current Perspectives on the Management
of Bone Fragments in Open Tibial Fractures:
New Developments and Future Directions

Muhamed M Farhan-Alanie ', Jayne Ward', Michael B Kellyz, Khalid Al-Hourani®

'Department of Trauma & Orthopaedics, University Hospital Coventry & Warwickshire, Coventry, UK; 2Department of Trauma & Orthopaedics,
Southmead Hospital, Bristol, UK; 3Department of Trauma & Orthopaedics, Royal Infirmary of Edinburgh, UK

Correspondence: Muhamed M Farhan-Alanie, Email muhamed.farhan-alanie@nhs.net
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Introduction

Over the years significant progress has been achieved in the management of open tibial fractures as reflected by the temporal
trend of improving outcomes.' > Nonetheless, open tibial fractures continue to remain one of the most challenging injuries to
manage in orthopaedic traumatology. This is primarily due to the relative paucity of soft tissues around the tibia.* These injuries
can be further complicated by the presence of bony comminution and fragment devitalisation resulting from high energy
mechanisms of injury.* These fragments of bone may be extruded at the time of injury owing to the tibia’s relatively subcutaneous
position although in most cases they remain in-situ.”® These fragments are encountered by the surgeon during the debridement
stage of open fracture management. During this step, the viability of tissues in the zone of injury is evaluated and generally, all
devitalised tissue is discarded to reduce the risk of infection and promote healing.” Traditionally, this has included cortical
segments of bone which fail the “tug test” — a subjective assessment of the bone fragment’s viability measured by the strength of
soft tissues and periosteum connecting the fragment to the main bone. Loose bone fragments which detach with minimal force,
such as with the use of surgical forceps or two fingers, are typically considered to be devitalised.® Along with other forms of
devitalised tissues, these are also believed to be a potential nidus of infection thus commonly discarded. Many believe discarding
these fragments and managing the consequent deformity is preferable to treatment of potential osteomyelitis. However,
discarding devitalised cortical bone fragments, particularly if large and mechanically relevant, may compromise fracture stability,
alignment of the bone, and limb length which can negatively affect patient’s functional outcomes as well as necessitate additional
surgical procedures to manage the resulting bone defect and any associated deformity.®°~"* It is also worth mentioning that any
further procedure is associated with an increased risk of patient morbidity'? and cost from both a health and societal perspective.
Therefore, the retention of free bony fragments may offer several advantages to both patient and society.

Recently, the common practice of discarding devitalised cortical fragments is being increasingly challenged.'*"”
Several methods of disinfecting bone fragments prior to their re-incorporation have previously been published.'®'** It
is important to balance the effects of these techniques on reducing bacterial load and risk of infection with cell viability
and the bone’s remaining osteogenic potential to support callus formation.

The management of free bone fragments in open tibial fractures continues to be a topic of debate. There is a paucity
of reviews summarising the literature on the management of open tibial fractures involving free bone fragments. In this
article, we discuss the most up-to-date management options of free bone fragments in the context of open tibial fractures,
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and highlight areas for future research. Studies included in this review have been selected based on a variety of factors
including relevance to this article’s topic, material novelty, year of publication, participant sample size, duration of
follow-up period, and those most cited for this topic.

Discard
It has long been postulated that retention of devitalised fragments may increase the risk of infection and are therefore
discarded. This remains the consensus opinion in the orthopaedic community, albeit without clear high-quality evidence
for this, or based on outdated evidence.”"'°

It is clear that in severely contaminated or severely comminuted fractures (such as in ballistic injuries), fragment retention is
not a suitable option, and therefore discarding said fragments remains the logical and perhaps only option available to the treating
surgeon. However, further reconstructive procedures are then needed to correct any resulting segmental or non-segmental

defects, which are associated with long treatment times and potential complications to patients.

Distraction Osteogenesis

As an alternative to circular frames, intramedullary nails can be used to facilitate distraction osteogenesis** ° including
for traumatic related bone defects.?® Although not a novel method, intramedullary nail devices have recently evolved to
allow lengthening adjustment involving a magnetic mechanism operated via a remote control.?’** Their application
avoids the potential morbidity associated with the use of external fixators including pin tract infection, adjacent joint
stiffness, soft tissue contractures and tethering,”’ as well as reducing the risk of fracture following frame removal.*
Bone Defect <5cm

For a small defect of 3—5cm, acute shortening and compression-distraction osteogenesis can be achieved in a single stage
procedure involving combination of internal fixation with a plate and an intramedullary lengthening nail. After
approximating the fracture ends and stabilising the fracture site using plate fixation, an osteotomy in the metaphysis
farthest from the site of the fracture is performed and a lengthening intramedullary nail is then inserted. Progressive
distraction is enabled through the nail’s lengthening mechanism until the bone is restored to its original length.>' This
technique avoids the need for docking sites which are often the rate limiting step to achieving union.**>?

Bone Defect >5cm

Vertical segment bone transport is recommended for the management of bone defects exceeding approximately 5cm.>!3
In addition to application of lengthening intramedullary nails to facilitate distraction osteogenesis in shortened limbs,>
these devices are also being used in combination with external fixators or internal plates to enable vertical segmental
bone transport techniques. The application of a magnetic intramedullary nail compared to a conventional intramedullary
nail for this technique helps reduce the total number of pins required if an external fixator is used, thereby reducing the
risk of associated pin-site related infections. However, the combination of a magnetic nail and conventional internal plate
enables control of the floating segment while maintaining limb alignment respectively, avoiding the requirement for
external fixators altogether. This technique eliminates the risk of pin-site related infections as well as the possibility of
pin tract infections communicating to the medullary canal and colonising the intramedullary nail.®> This is also high-

lighted by Simpson et al*°

who cautioned against the use of external fixation along with intramedullary nailing in open
fracture patients due to the possibly increased risk of deep infection. Furthermore, it is also technically more difficult to
site the pins of the external fixator with an intramedullary nail in situ.

There are currently very limited published data in the literature on the combined application of magnetic nails and
conventional plates in vertical segment bone transport for open fracture patients. In a case report involving an open tibial
fracture patient (Gustilo-Anderson type IIIB) who developed non-union that led to implant failure approximately two years
following his index procedure, revision surgery was performed using plate-assisted bone segment transport with the NuVasive
PRECICE 2 intramedullary limb lengthening system.>® The bone defect measured to be 2.5 cm in size following removal of the
failed metalwork. With the aid of a Synthes 16-hole variable-angle limited contact plate to span the bone defect, a corticotomy

was made away from the non-union site following which a NuVasive PRECICE 2 intramedullary nail was inserted with the distal
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interlocking screw placed in the transport segment.*®>” Limb lengthening was commenced from post-operative days 7 to 32 at
0.75mm per day via the telescoping rod of the nail. A similar technique has also been described in a small case series which
included three open fracture patients with tibial bone defect sizes ranging between 4.8 and 10 cm.** This group of authors
recommend the use of provisional external fixation to maintain limb length and alignment at the time of plating. Their study
results reported that two patients achieved union at six and nine months post-operatively while the third patient was experiencing
delayed union at the docking site at the time of publication.

Although certain lengthening nails such as the NuVasive PRECICE 2 are bidirectional enabling both push and pull bone
transport, the former method can help reduce the consolidation time after lengthening through protection of the regenerate from

3938 and also allows relatively earlier full weight bearing.>* The bidirectional feature also allows

collapse, deviation or fracture,
alternating cycles of distraction and compression in the distracted bone defect gap, termed the accordion manoeuvre.*® This
technique is believed to help enhance bone regeneration in cases involving absent or delayed callus formation in limb lengthening
as well as help achieve union at the docking site.*® Furthermore, magnetic intramedullary nails can also be used to undertake
trifocal bone transport with the assistance of cables*® which potentially has the advantage of shortening treatment time.*!
However, there are also several limitations associated with the use of this described technique. The length of the plate may be
a limiting factor and could influence the level where the corticotomy site is performed which should ideally be within the
metaphyseal region of the bone.** Another potential limitation is the stroke distance of the intramedullary nail implant which
represents the lengthening capability, and reflects the maximum possible distance a bone segment can be transported without
requiring to reshorten or relengthen the nail.>* In addition, lengthening intramedullary nails including those featuring magne-
tically operated mechanisms have been associated with a variety of complications themselves. Depending on their generation,

2843 superficial infection around subcutaneous receivers,** and failure of the lengthening

these include nail bending or fracture,
mechanism to allow further distraction as well as acute over-distraction.*”*® Recently in early 2021, several lengthening
intramedullary nails have been recalled and suspended from use in the United Kingdom and Republic of Ireland due to concerns
relating to their unknown long-term biological safety profile as they have not undergone all biological assessments of the
international standardised medical device evaluation process (ISO 10993-1:2018).**°° Additional testing is currently ongoing to
address the existing gaps and complete risk assessments relating to carcinogenicity, chronic toxicity, developmental toxicity, and
reproductive toxicity. In addition, there have been reports of pain and bony abnormalities at the interface between the telescoping
nail segments involving the PRECICE Stryde product. NuVasive also issued an urgent field safety notice in which they stated
their devices were not indicated for individuals younger than 18 years of age, do not enable full weight bearing, and require
removal within one year of implantation, in addition to other considerations and guidelines.’!

3D Printing and Custom Implants

Advances in 3D printing technology have enabled the use of custom implants in orthopaedics for a variety of procedures
including complex post-traumatic limb reconstruction for segmental bone loss.’*>> Data based on computed tomographic
images obtained from the patient’s injured limb is processed to enable production of a custom implant. As the application of this
technology is relatively new, there are limited studies currently present in the literature evaluating its effectiveness. The longest
reported follow-up is five years and involves a patient who sustained an open tibial fracture and received a custom 3D-printed
titanium cage truss as well as a standard intramedullary rod to facilitate ankle arthrodesis and salvage the limb in favour of
amputation.> Serial radiographs of this patient’s fracture site demonstrated bony ingrowth and lack of stress shielding. Due to the
material used in their construction, these implants are mechanically robust and light weight permitting early motion and protected
weight bearing.’*>” Furthermore, their construct configuration allows for each strut to be in compression and tension which
promotes bone remodelling. The construct also features an open architecture which maximises the volume of bone graft that can
be incorporated within the cage itself.”® Application of 3D-printed titanium cage trusses in conjunction with the Masquelet
technique®” has recently been described for use in femoral defects,”” and helps tackle the associated potential complications of
non-weight bearing.

Current research is now focusing on the use of bio-inks in 3D printing which allows inclusion and precise placement of cells,
biomolecules, and biomaterials within the 3D structure.’” The resultant tissue engineered generated scaffold contains
a microenvironment possessing osteogenic properties to support new bone formation. However, this technique is relatively
more expensive than standard 3D printing given the additional tissue engineering processes involved. Also, the strength of
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biomaterials compared to titanium may not allow early weight bearing activities or provide the same degree of stability to enable
bone regeneration, and further research in this area is required. Furthermore, there is typically an interim period for the design and
production of custom implants before proceeding to surgery. However, most recently, in situ 3D bio-printing with the aid of
a robotic arm containing a printing nozzle has been evaluated in an animal study where tibial bones were intentionally fractured
with a resultant segmental bone defect prior to undergoing internal fixation with a titanium plate to maintain tibial strength during
healing.®! Animals were sacrificed at 12 weeks post-operatively and significantly greater osteogenic effects were observed in the
group which received a 3D bioprinted custom implant compared to controls. Post-operative CT scanning demonstrated that
animals which received the 3D bioprinted custom implant possessed thick cortical bone tissues compared to the control group
which had presence of gaps and cavities in the defect region, rough cortical bone surfaces and thin cortical bone tissues. The
intervention group also had a significantly greater bone volume to total volume ratio implying large volume of newly-formed
bone tissue. Spatial morphology of bone trabeculae was also analysed and showed higher numbers and thickness of trabeculae
and lower separation implying this bone tissue had improved structure and mechanical strength, and more active osteogenesis.

Induced Membrane Technique

Pioneered over 30 years ago, this technique involves a two-stage procedure. Polymethyl methacrylate (PMMA) cement,
typically antibiotic-loaded, is implanted at the site of the bone defect to act as a spacer for a period of approximately 6—8
weeks. A thick, well vascularised, pseudoperiosteum induced membrane then forms around the cement mantle which is

carefully incised to allow extraction of the cement and substitution with bone graft®*%

(Figure 1). Indication for its
application in trauma is typically for managing segmental bone defects ranging between 5 and 25 cm in length.®* Tts
advantages over vertical segment bone transport include dead space management and prevention of soft tissue invagina-
tion as well as reduction of bacterial counts where antibiotic-loaded cement is used.®>* It may also be associated with
potentially faster consolidation of the bone defect.®® Importantly, inconsistent clinical outcomes have been associated

with this procedure®”"°

which are likely due to differences in injury and host characteristics such as quality of the soft
tissue envelope and patient comorbidities, as well as variations in performing the technique itself particularly in relation
to spacer volume and composition (plain or antibiotic-loaded cement), fixation methods (plate, intramedullary nail,

external fixator) and bone graft sources (iliac crest, reamer-irrigator-aspirator, nonautologous graft).”’

Vascularised Bone Graft

Typically advocated for bone defect sizes exceeding approximately 5cm,’*”?

vascularised bone grafting is another
alternative surgical technique for managing traumatic bone defects. A number of vascularised bone grafts can potentially
be harvested however the fibula is considered ideal for applications involving diaphyseal tibial bone defects. This is due
to its dimensions, mechanical strength and potential for hypertrophy, as well as its predictable vascular supply which can
be pedicled within the ipsilateral limb.”*”’® Free vascularised bone grafts are relatively more technically challenging as
the procedure involves microsurgical skills for the end-to-end anastomoses of both artery and vein at the recipient site.

The key advantage of this method for addressing bone defects is preservation of the graft’s blood supply. This enables the
graft’s osteogenic potential to be maintained which allows it to incorporate at the recipient site by either primary or secondary
bone healing rather than undergoing creeping substitution that is associated with nonvascularised bone graft.”” This distinction
translates to relatively less graft resorption and initial loss of graft strength at the recipient site which is typically seen with

ft"®" thereby helping to reduce the risk of mechanical failure and infection.*® Limitations of this

nonvascularised bone gra
technique include graft stress fractures due to prematurely excessive weight bearing as well as anastomotic complications where
a free vascularised bone graft is used.®' In a case series reporting on the outcomes of 21 patients following free vascularised
fibular graft performed for Gustilo-Anderson III tibial fractures respectively, mean time to union was 19 and 20 weeks for the

proximal and distal fibula, respectively.®’

Retention

In the absence of severe contamination, devitalised fragments can be retained if these are deemed to be
a mechanically relevant segment of bone by the surgeon. The pre-requisites to such a decision include orthoplastic
involvement, a thorough debridement, and timely soft tissue coverage if required.®” Re-incorporating these fragments
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Figure | AP and lateral radiographs of an open pilon fracture taken on presentation in the Emergency Department (top left). Large bone defect in metaphysis of distal tibia
following initial debridement procedure (top right). Open reduction and internal fixation of fracture, and cement deposition into the area of the bone defect (middle left).
Cement extracted and replaced with autologous bone graft from patient’s contralateral tibia obtained using reamer-irrigator-aspirator (middle right). Outpatient clinic x-rays
demonstrating fracture union (bottom left).

can help bridge bone defects, thereby allowing more circumferential bone on bone contact and subsequent increased
construct stability (Figure 2). It is imperative that a combination of debridement and disinfection techniques are
performed to reduce the bacterial load of these fragments prior to their re-incorporation at the fracture site. This can
take place at an early or delayed stage (greater than one month'®) either during the index or a subsequent procedure

respectively.
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Figure 2 Intraoperative AP and lateral radiographs of an open diaphyseal tibial fracture with large segmental bone defect taken during initial debridement (top row).
Intramedullary nailing with retention of devitalised anteromedial bone fragment using lag technique (middle row). X-rays taken in outpatient clinic demonstrating radiological
healing including full incorporation of the devitalised bone fragment with good cortical contact (bottom row).
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Fragment Value

The merits of retaining each devitalised bone fragment must be carefully considered on an individual basis by the
operating surgeon. The significance of a bone fragment is variable and its value lies along a spectrum. Although this
assessment is relatively subjective, in general the significance of a fragment is associated with its characteristics as well
as patient factors.>*>%* The former focusses on the fragment’s value to biomechanical stability of the fracture whereas
the latter relates to the patient’s biology. Patient factors are likely to include age, smoking status, and comorbidities such
as peripheral vascular disease and diabetes mellitus. Biomechanical value of the fragments likely relate to size, cortical
diameter involvement, and anatomical location from which it has detached from the tibia.® Larger sized bone fragments
are likely to have an integral role in providing mechanical stability of the fracture. Discarding these critical sized
fragments is likely to substantially complicate any future reconstructive challenge.* The location of the bone fragment is
also relevant in judging the fragment’s value. Fragments which involve the metaphysis are usually considered high value
as may contain critical ligamentous and tendinous attachments which serve important function. Similarly, osteoarticular
fragments contain overlying cartilage which contributes to joint function and retention may help to reduce the risk of
post-traumatic secondary osteoarthritis developing in the future.* Fortunately, the most common site of involvement is
the diaphysis.°

Bone defects have been subjectively and inconsistently described by surgeons using varying terms such as “massive
defect” and “critical sized defect”.®**® The currently accepted definition of a “critically-sized” defect is one which
prevents spontaneous healing despite skeletal stabilisation, and further surgical intervention is required to achieve
union.®® Although helpful, this definition is somewhat subjective and vague as the parameters which constitute
a “critically-sized” defect in the tibia remain uncharacterised, and further investigation is required. Examples of previous
parameters of “critical” size defects have included a bone defect greater than 1 cm in length and >50% cortical diameter
involvement however applying these criteria to the subgroup of patients in the SPRINT study did not prove specific given
47% achieved union without further secondary intervention.** In a different study of 40 open tibial fracture patients, the
study authors attempted to determine the threshold size of a “critical bone defect”. Results demonstrated no patients
achieved bony union if the fracture gap size exceeded 25mm, measured by calculating the average defect size on all four
cortices on the radiograph.®®

Recently, the OTA/AO fracture classification has been extended to include a classification scheme describing bone
defects.®” In summary, bone defects can be broadly classified into one of three categories and then further classified into
one of three subcategories giving a total of nine different possible combinations. In keeping with the existing alpha
numeric scheme, categories are appended the suffix “D” followed by a number (1-3), and the three subcategories are then
designated the letters A-C. This is described in further detail below.

D1 — Incomplete defect: These types of bone defects are incomplete and involve a maximum of three out of four
cortices. The subcategories are defined by the transverse extent or percentage of cortical bone (A: <25% bone loss, B: 25
to <75% bone loss, C: >75% to 99% bone loss).

D2 — Subcritical/minor defect (<2 cm): These defects are defined by bone loss of less than 2 cm calculated by
determining the mean value of the maxima and minima longitudinal lengths of the bone defect on both AP and lateral
radiographs. The three subcategories for this bone defect are distinguished by the shape of the fracture ends (A: 2 oblique
ends; B: 1 oblique and 1 transverse end; C: 2 transverse ends, ie, segmental defect).

D3 — Segmental/critical size defect (>2 cm): These defects are segmental in configuration and subcategories define
the size of the defect (A: 2 to <4 cm; B: 4 to <8cm; C: >8cm). Size should be assessed using the aforementioned
technique.

It is important to mention that the most accurate time to assess and classify bone loss is following debridement,
fracture reduction, preliminary stabilisation, and restoration of length to its original state.

Development of a classification for defining bone defects is progress in helping to unify and standardise terminology
used amongst surgeons. This has a particularly useful application in research enabling improved reporting on the details
of the bone defects under investigation allowing improved applicability of the research findings to real-life. Now that

nine types of bone defects have been defined, it is important to research the outcomes associated with each of these and

Orthopedic Research and Reviews 2022:14 hetps: 281

Dove:


https://www.dovepress.com
https://www.dovepress.com

Farhan-Alanie et al Dove

determine how they compare. Furthermore, it will enable comparison of which reconstruction methods are better suited
for each bone defect type and their success rates.

Methods of Decontamination

Chemical and Mechanical Technique

In the face of a contaminated bone fragment deemed to be high-value and preferable to retain, it is essential to
thoroughly disinfect the bone fragment prior to re-implantation. We advocate a two-part sequence consisting of both
chemical and mechanical decontamination to reduce bacterial load as much as possible. Chemical decontamination
should be performed using either 10% povidone-iodine (Betadine) or 4% chlorhexidine (Hibiclens).** Subsequently,
adjuvant mechanical decontamination should be performed using either a saline rinse or scrub with bristled sponge.

Auto-Sterilisation

“Auto-sterilisation” has also been used as an adjuvant technique in preservation and biological decontamination of free bone
fragments in patients sustaining open fractures. This technique involves storage of the free bone fragments within
a subcutaneous pouch of non-traumatised tissue at a site distant from the initial injury. Sufficient time is then allowed for
the body’s immune system to help decontaminate these fragments prior to re-implantation.'® The average time to reimplan-
tation is variable for this technique however has ranged between 6 and 18 weeks in the literature.'®*® Various studies
involving different orthopaedic procedures have confirmed that free fragments, typically referred to as being devitalised in
the context of an open fracture injury, still retain osteoinductive and osteoconductive properties when tested at a future date
following a banking period in subcutaneous tissues.**®' Following re-incorporation of the bone fragment, creeping
substitution is commenced and time to complete graft incorporation depends on a variety of local and systemic factors.”®

Improved Stability

Fixation of free bone fragments can help to improve the mechanical integrity of the tibia. This contributes to increasing
the fracture’s overall stability which is known to play a critical role in enhancing the fracture healing process.”” This is
particularly relevant in open tibial fractures given their associated high risk of non-union which has been reported to be
as high as approximately 15% in Gustilo-Anderson IIIB and ITIC (tibial) fractures.”>** However, fracture union relies on
many biological factors in addition to a satisfactory mechanical environment.”® The health state of the various tissues in

and around the fracture which constitute the “bone-healing unit””®

may be reflected by the presence and amount of
devitalised bone. Discarding bone fragments may therefore not be conducive to the healing process and potentially
considered a double whammy due to the added detrimental effect this may have on achieving union. Improved fracture
stability also allows patients to weight bear and mechanically load their tibia relatively earlier which further promotes
fracture healing as well as the maintenance of muscle and bone mass.”’'°° Earlier weight bearing will also help reduce
the risk of joint stiffness, prolonged hospital stay, and other complications associated with immobilisation and recum-
bency including venous thromboembolism.

It is also important to mention that reduced stability has been proposed to increase the risk of infection.'®" It is
plausible and believed that all inserted implants are colonised by bacteria at the time of surgery, eventually forming an
inert and inactive biofilm on the implants surface. Instability of the implant, which may be influenced by the mechanical
integrity of the fracture, is thought to disrupt the existing biofilm and convert this from an inert to an active state.'®'

These principles and theories are supported by the findings of the retrospective comparative cohort study by Al-Hourani
et al which showed relatively fewer events of non-union, deep infection, and infection-associated flap failure in the patient
group who underwent orthoplastic re-incorporation of devitalised bone although these findings were not statistically
significant (2.3% versus 7.2%; 1/44 patients versus 5/69 patients, and 2.3% versus 10.1%; 1/44 patients versus 7/69, and
0% versus 5.8%; 0/44 patients versus 4/69, respectively; p > 0.05)."* Also, the possibility of selection bias cannot be
excluded given the non-randomised study design.'®* In a follow-up study'’ comparing health-related quality of life between
these patient groups, no statistically significant differences were found at a median follow-up of 3.8 years — EQ-5D: 0.743

(IQR 0.195) versus 0.748 (IQR 0.285), p = 0.71; SF-36: 80 (IQR 34.5) versus 77.5 (IQR 58.75), p = 0.72.
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Lastly, it is important to mention that definitive re-incorporation of devitalised bone fragments may not always be
appropriatechowever temporary re-incorporation may be beneficial as a technique to help obtain a more anatomic

reduction of the fracture during the definitive fixation procedure.'®

Authors Practiced Surgical Technique

Most patients presenting to our centre with a type IIIB Gustilo-Anderson open tibial fracture undergo a two-stage
orthoplastic approach.'® The first stage involves initial wound excision and thorough debridement and is essential in
reducing infection.”'%> We retain significant (mechanically relevant) devitalized bone fragments of any size at the initial
debridement. The fragment is cleared of any soft tissue, and then chemically and mechanically decontaminated. The bone
ends are then refreshed and the segment re-incorporated into the fracture followed by temporary internal fixation using
a 3.5mm dynamic compression plate to stabilise both fragment and fracture.'*'°® We rarely utilise external fixation for
open tibial fractures due to the risk of developing pin site infection.” The wound is dressed with negative pressure wound
therapy which is not disturbed until definitive fixation and soft-tissue coverage are commenced. During this second stage,
the temporary internal fixator is removed and a further debridement of both the open fracture wound area and devitalised
bone fragment are performed. Following fracture reduction and re-incorporation of the bone fragment, a fresh 3.5mm
dynamic compression plate is applied and utilised in compression mode. Intramedullary nailing is then performed and
simplified owing to the reduction already held by the plate. Definitive soft-tissue free-flap coverage is performed during

this same theatre episode which is commonly referred to as “fix and flap”.'"’

Conclusion

Management of free fragments in open fractures is a contentious topic amongst orthopaedic surgeons likely associated
with a lack of community equipoise and low case volume, which may preclude high-quality prospective research on this
topic. Regardless of technique used to manage bone fragments, the principles of an effective orthoplastic set up, adequate
debridement, early antibiotic administration and early soft tissue coverage must be maintained.

Retention and re-incorporation of bone fragments in open fractures, particularly of the tibia where there is poor soft-
tissue coverage and vascularity, provides improved reduction and immediate fracture stability, however this technique,
whilst providing encouraging early results, remains in its infancy and must be strictly considered within an effective and
standardised orthoplastic set-up.

Discarding critical-sized free fragments may necessitate future additional reconstructive procedures which can be
challenging and associated with an increased risk of patient morbidity as well as increased costs to healthcare and society.
A variety of established reconstructive methods are available, and new techniques based on these principles have been
developed in part due to extensive research activities and advancing technology such as magnetic intramedullary nails
and 3D (bio)printing.

Decision-making regarding the management options described in this article should incorporate patient factors such
as comorbidities, surgeon factors such as prerequisite skillset, and facilities and equipment available in their hospital or
region. Where possible and deemed appropriate, thoroughly decontaminated and debrided critical-sized free fragments
should be retained to aid in restoration of leg length and alignment, and preserve optimum function.

Disclosure
The authors report no conflicts of interest in this work.
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