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Femoral locking plate failure salvaged with hexapod circular
external fixation: a report of two cases
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Abstract Femoral non-unions are difficult to treat even for

the experienced orthopaedic trauma surgeon. If the non-

union follows failure of modern stable internal fixation, the

complexity of the management is further increased. We

report two cases of stiff hypertrophic femoral non-unions

after failed locking plate fixation that were successfully

treated with a new hexapod circular external fixator. In

addition to providing the necessary stability for functional

rehabilitation and union, the hexapod circular fixator soft-

ware allows gradual correction of deformities in order to

restore the normal mechanical alignment of the limb.
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Background

The use of locking plate technology for orthopaedic trauma

has increased in the past 10 years. Their use has a con-

siderable learning curve and is governed by strict biome-

chanical principles that have to be adhered to [1–3]. Failing

to do so can result in a biomechanical environment that is

not conducive to fracture healing and may potentially lead

to mechanical failure and non-union development [1, 4, 5].

Managing non-unions after internal fixation can be

challenging for even the most experienced orthopaedic

trauma surgeon [6–10]. There is significant morbidity for

the patient in terms of immobility, time away from work,

narcotic dependency, and emotional impairment as patients

are disillusioned often with medical services [11, 12].

Femoral non-unions in particular have profound influence

on quality of life often leading to early retirement and

unemployment [13]. The optimal management strategy to

promote rapid consolidation of the non-union while

simultaneously allowing functional rehabilitation remains

unclear.

We report two cases of femoral non-unions associated

with failure of locking plate fixation which were success-

fully treated with the TL-Hex (Orthofix, Verona, Italy)

circular external fixator.

Case 1

A 36-year-old man was referred after failure of internal

fixation to an open fracture (Gustilo–Anderson IIIA) of the

distal meta-diaphysis of the left femur 5 months earlier.

This initial injury was managed by emergency debride-

ment, irrigation and distal femoral locking plate fixation.

At presentation with the non-union, the patient had healed

scars with no evidence of sepsis. The painful non-union

was evident clinically and associated with a varus defor-

mity of the femur in the region of the fracture site.

Local and systemic staging confirmed the patient to be

smoker with no other co-morbidities. Radiographs dis-

played a broken locking plate and a femoral non-union

with a 12� varus and 5� procurvatum deformity (Fig. 1).

Knee motion was reduced, with a passive range of motion

from full extension to 50� flexion. No evidence of infection
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was found after routine biochemical investigation and

confirmed after intra-operative sampling.

Surgery consisted of plate and screw removal through an

exposure along the entire length of the plate followed by

circular external fixator application (TL-Hex, Orthofix

SRL, Verona, Italy) using the ‘rings first’ method. Proxi-

mal fixation consisted of three hydroxyapatite coated half

pins secured to a 5/8th ring and an arch. Distal fixation

consisted of one 1.8 mm tensioned transverse wire and two

hydroxyapatite half pins secured to a full ring (Fig. 2). The

non-union site was left undisturbed, and no bone graft

used.

After a latency period of 7 days, gradual correction was

achieved over 6 days. This included 5 mm of distraction at a

rate of 1 mmper day to facilitate reduction. Final anatomical

alignment in the coronal and sagittal plane was confirmed on

radiographs. Functional rehabilitation was encouraged with

the assistance of a physiotherapist during the correction and

consolidation phases. Full weight bearing was allowed from

the first post-operative day. Pin track care followed our

standard protocol and included twice daily cleaning with an

alcoholic solution of chlorhexidine [14, 15].

The only complications encountered during the treat-

ment period were minor pin track infections. One half pin

developed a Checketts and Otterburn stage II infection that

responded to oral antibiotics [16]. The tensioned wire

developed a stage III infection at a late stage of treatment.

The wire was removed without further complications.

Radiographs confirmed solid union with exuberant callus

formation after 13 weeks. The external fixator was removed

when painless weight bearing on a dynamized frame was

achieved. At last follow-up, 9 months after frame removal,

no deformity had occurred at the union site and knee range of

motion had improved at full extension to 90� flexion (Fig. 3).

Case 2

The second patient had two failed attempts at locking plate

fixation of a left femur fracture. This 22-year-old male sus-

tained a closed fracture of the diaphysis treatedwith a femoral

locking plate. After failure at the screw-plate interface, a

repeat of the locking plate fixation was performed. This sec-

ond plate fractured at the femoral non-union site (Fig. 4).

Local and systemic staging confirmed the patient to be a

smoker with no other co-morbidities. Radiographs revealed

a broken locking plate and a femoral non-union with a 3�

Fig. 1 Anteroposterior radiograph of the distal femur demonstrating

angulation, nonunion and failed locking plate at the fracture site

Fig. 2 TL-Hex fixator post correction of femoral deformity

Fig. 3 Anteroposterior and lateral radiographs of united femur after

hexapod removal
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valgus, 18 mm posterior translation and 18� procurvatum

deformity. Kneemotionwas reduced, with a passive range of

motion from full extension to 70� flexion. Routine bio-

chemical and subsequent intra-operative sampling con-

firmed no infection.

Surgery consisted of plate removal and circular external

fixator (TL-Hex) application. The plate was exposed along

its entire length to facilitate removal of all accessible

metalware with several broken screws left in situ and the

non-union site left undisturbed. External fixation applica-

tion followed the same design as described in the first case

and with no bone graft used.

After a latency period of 7 days, gradual correction was

achieved over 17 days. This included 5 mm of distraction

at a rate of 1 mm per day to facilitate reduction. Final

anatomical alignment in the coronal and sagittal plane was

confirmed on radiographs. After 14 weeks of functional

rehabilitation, solid union was confirmed by radiographs

and the external fixator removed. No complications were

encountered during the treatment process and at last fol-

low-up, 10 months after frame removal, there was no

deformity at the union site and knee range of motion had

improved from full extension to 110� flexion (Fig. 5).

Discussion

Locking plates are fundamentally different from conven-

tional plates [2, 3, 5]. The biomechanical properties of

locking plates are, more appropriately, likened to external

fixators than traditional plates and screws [5, 17]. Locking

plates rely on fixed angle screws to provide stability rather

than the friction between the plate and bone generated by

screw torque [17]. This intrinsic dissimilarity makes con-

ventional plates and locking plates suited for use in dif-

ferent clinical scenarios [3, 18]. Conventional plates are

ideal for achieving union through primary bone healing,

with precise reduction, interfragmentary compression and

rigid fixation [5, 17, 18]. Locking plates on the other hand

are better suited for providing elastic fixation that result in

secondary fracture healing with callus formation [3, 5, 17,

18].

When the biomechanical principles of locking plates are

not adhered to and these plates are applied like conven-

tional plates, a high strain environment may result that

exposes the fracture site to potential non-union formation

and construct failure [1, 5, 18]. The human body naturally

heals fractures by minimising strain across the fracture site.

This is achieved by either decreasing the motion across the

fracture site, or by increasing the length of the fracture gap

[18]. When there is very rigid fixation, resorption at the

fracture site attempts to decrease the strain by increasing

the gap length [3, 18]. This is seen where short locking

plates are applied with a high screw density as normally

done in conventional compression plating. In this setting,

non-union formation may result, ultimately leading to

construct failure [1]. This was evident in both our cases

where non-union development was followed by implant

failure.

Non-union in the setting of failed internal fixation is

challenging to manage [19]. Firstly, infection must be

excluded as the management of an infected non-union is

fundamentally different from aseptic non-unions. Secondly,

Fig. 4 Anteroposterior and lateral radiographs of the femur demon-

strating angulation, nonunion and failed locking plate at the fracture

site

Fig. 5 Anteroposterior and lateral radiographs of united femur after

hexapod removal
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classifying these non-unions according to the traditional

Weber and Cech system might not be appropriate. This

classification relies on the radiographic appearance of the

fracture ends to distinguish between avascular and hyper-

vascular non-unions but fail to take account of previous

fixation or adequacy of fixation [19–21]. Wu et al. [19] have

suggested a revised protocol to classify femoral non-unions

following internal fixation. The authors considered non-

unions with stable fixation as avascular and non-unions with

unstable fixation as hypervascular. Their proposed protocol

underlines a need to take the non-union pathogenesis into

account when considering the management strategy. In both

these case examples, after plate failure, the unstable situation

led to hypervascular non-unions.

Femoral non-unions have no clear evidence-based treat-

ment guidelines. A recent systematic review by Somford

et al. [22] has suggested a treatment algorithm for femoral

non-unions. They specifically provide treatment recom-

mendations for femoral non-unions that occur after initial

internal fixation, suggesting reamed nailing after previous

plating and plate fixation after previous intramedullary

nailing. This underlines the basic reconstructive principle

that when one mode of fixation has failed, another mode of

fixation should be considered for the revision surgery.

Gershuni [23] outlined the principles for optimal non-

union treatment. This included restitution of bony conti-

nuity, correction of alignment in all planes, maintenance

and recovery of function and limitation of further compli-

cations. Hexapod external fixation can fulfil all these

requirements. These devices are a modification of the tra-

ditional Ilizarov-type fine wire circular external fixator and

are able to provide stable fixation and allow early func-

tional rehabilitation [24, 25]. Hexapod fixators consist of

two rings connected with six oblique struts in an octahedral

configuration. Mathematical algorithms calculate strut

length adjustments in order to manipulate the orientations

of the two rings to each other [26, 27]. By attaching each of

these rings to a bone segment, their position and orientation

can be altered, thereby facilitating the reduction of com-

plex multiplanar deformities.

In stiff non-unions, the ability of the hexapod circular

external fixator is to provide controlled correction of existing

deformities, but, through gradual distraction, the stimulation

of new bone formation. This ‘tension-stress effect’ was ini-

tially described by Ilizarov [28–30] and is the biological basis

of distraction histogenesis used in limb lengthening and bone

transport. It is thus possible, in scenarios involving reduced

biological potential, to stimulate natural bone healing without

the additionof bonegraft or other biologic adjuvants. Thiswas

demonstrated in both cases where stiff hypertrophic non-

unions healed with exuberant callus formation through grad-

ual distraction without the addition of bone graft.

Conclusion

Locking plate biomechanics are distinctly different from

conventional plating. When locking plate principles are not

adhered to, non-unions and fixation failure may result. The

salvage for these cases can be difficult as broken metal-

ware, bony destruction and deformity is encountered fre-

quently. This treatment strategy using a hexapod circular

external fixator provides the option of gradual reduction of

deformities together with stable fixation that allows

immediate functional rehabilitation.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of

interests and no financial support was received for this study.

Ethical approval Ethical committee approval was obtained prior to

commencement of this study.

Informed consent Written consent was obtained from both patients

for publication of this report and any accompanying images.

Open Access This article is distributed under the terms of the

Creative Commons Attribution 4.0 International License (http://crea

tivecommons.org/licenses/by/4.0/), which permits unrestricted use,

distribution, and reproduction in any medium, provided you give

appropriate credit to the original author(s) and the source, provide a

link to the Creative Commons license, and indicate if changes were

made.

References

1. Leahy M (2010) When locking plates fail. AAOS Now 5(5):9

2. Cronier P, Pietu G, Dujardin C, Bigorre N, Ducellier F, Gerard R

(2010) The concept of locking plates. Orthop Traumatol Surg

Res. PubMed PMID: 20447888

3. Gardner M, Helfet D, Lorich DG (2004) Has locked plating com-

pletely replaced conventional plating?Am JOrthop 33(9):439–446

4. Hak DJ, Toker S, Yi C, Toreson J (2010) The influence of

fracture fixation biomechanics on fracture healing. Orthopedics

33(10):752–755

5. Strauss EJ, Schwarzkopf R, Kummer F, Egol KA (2008) The

current status of locked plating: the good, the bad, and the ugly.

J Orthop Trauma 22(7):479–486

6. Harwood P, Newman J, Michael ALR (2010) An update on

fracture healing and non-union. Orthop Trauma 24(1):9–23

7. Abumunaser LA, Al-Sayyad MJ (2011) Evaluation of the calori

et Al nonunion scoring system in a retrospective case series.

Orthopedics 34(5):359

8. Bhandari M, Schemitsch E (2000) Clinical advances in the

treatment of fracture nonunion: the response to mechanical

stimulation. Cur Opin Orthop 11:372–377

9. Dimitriou R, Kanakaris N, Soucacos PN, Giannoudis PV (2013)

Genetic predisposition to non-union: evidence today. Injury

44(Suppl 1):S50–S53

10. Tzioupis C, Giannoudis PV (2007) Prevalence of long-bone non-

unions. Injury 38(Suppl 2):S3–S9

126 Strat Traum Limb Recon (2016) 11:123–127

123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


11. Antonova E, Le Kim T, Burge R, Mershon J (2013) Tibia Shaft

fracture—costly burden of nonunions.pdf. BMC Musculoskel

Disord 14:42

12. Perumal V, Roberts C (2007) (ii) Factors contributing to non-

union of fractures. Curr Orthop. 21(4):258–261

13. Zeckey C, Mommsen P, Andruszkow H, Macke C, Frink M,

Stubig T, et al. (2011) The aseptic femoral and tibial shaft non-

union in healthy patients—an analysis of the health-related

quality of life and the socioeconomic outcome. Open Orthop J

5:193–7. PubMed PMID: 21686321. Pubmed Central PMCID:

3115668

14. Ferreira N, Marais LC (2012) Osteosarcoma presentation stages

at a tumour unit in South Africa. S Afr Med J 102(8):673–676

15. Ferreira N, Marais LC (2012) Prevention and management of

external fixator pin track sepsis. Strat Traum Limb Recon

7(2):67–72. PubMed PMID: 22729940. Pubmed Central PMCID:

3535127

16. Checkets RG, Otterburn M, MacEachern G (1993) Pin track

infection: definition, incidence and prevention. Int J Orthop

Trauma 3(Suppl):16–18

17. Kubiak EN, Fulkerson E, Strauss E, Egol KA (2006) The evo-

lution of locked plates. J Bone Joint Surg [Am]. 88(4):189–200

18. Egol KA, Kubiak EN, Fulkerson E, Kummer FJ, Koval KJ (2004)

Biomechanics of locked plates and screws. J Orthop Trauma

18(8):488–493

19. Wu CC, Chen WJ (2000) A revised protocol for more clearly

classifying a nonunion. J Orthop Surg 8(1):45–52

20. Judet J, Judet R (1960) L’osteogene et les retards de consolida-

tion et les pseudarthroses des os longs. Huitieme Congress

SICOT 15

21. Weber B, Cech O (eds) (1976) Pseudarthrosis. Hans Huber, Bern

22. Somford MP, van den Bekerom MP, Kloen P (2013) Operative

treatment for femoral shaft nonunions, a systematic review of the

literature. Strat Traum Limb Recon 8(2):77–88. PubMed PMID:

23892497. Pubmed Central PMCID: 3732674

23. Gershuni DH (1989) Fracture nonunion. West J Med

150(6):689–690. PubMed PMID: 2750154. Pubmed Central

PMCID: 1026720

24. Fadel M, Hosny G (2005) The Taylor spatial frame for deformity

correction in the lower limbs. Int Orthop 29(2):125–129. PubMed

PMID: 15703937. Pubmed Central PMCID: 3474509

25. Taylor J. Correction of general deformity with the Taylor Spatial

Frame. http://www.jcharlestaylor.com2002

26. Gao XS, Lei D, Liao Q, Zhang GF (2005) Generalized Stewart–

Gough platforms and their direct kinematics. IEEE Trans

21(2):141–151

27. Husty ML (1996) An algorithm for solving the direct kinematics

of general Stewart–Gough platforms. Mech Mach Theory

31(4):365–379

28. Ilizarov GA (1989) The tension-stress effect on the genesis and

growth of tissues: part II. The influence of the rate and frequency

of distraction. Clin Orthop Relat Res 239:263–285

29. Ilizarov GA (1989) The tension-stress effect on the genesis and

growth of tissues. Part I. The influence of stability of fixation and

soft-tissue preservation. Clin Orthop Relat Res 238:249–281

30. Ilizarov GA (1990) Clinical application of the tension-stress

effect for limb lengthening. Clin Orthop Relat Res 250:8–26

Strat Traum Limb Recon (2016) 11:123–127 127

123

http://www.jcharlestaylor.com2002

	Femoral locking plate failure salvaged with hexapod circular external fixation: a report of two cases
	Abstract
	Background
	Case 1
	Case 2
	Discussion
	Conclusion
	Open Access
	References




