Tibial non-union.

Classification, treatment:
when and how ?
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Definition of non-union is an inexact science:

* Definition of time from fracture (6 months?):

* large variation in healing time as multiple factors affect healing.

* Definition of healing: when is healing sufficient ?

bA

Percent healed

The definition of a critical-sized tibial defect
is not critical:

e 47% of fractures with > 1 cm defect or >
50% circurmferential loss healed without
further surgery

Sanders et al. (SPRINT trial). J Orthop
Trauma 2014

Time

Aspenberg. Bonekey Rep. 2013




Diagnosis: tibial non-union

* Clinical: pain, swelling, (mobility)

* X-ray
Radiographic union score in tibial
fractures (Whelan, J Trauma 2010):
* Reliable (Leow, Bone Joint Res 2016)

* Union vs. non-union ?(Litentra, J
Orthop Trauma 2015)

Score per cortex

Callus Fracture Line

1
2
3

Absent Visible
Present Visible

Present Invisible

Minimum score: 4

Maximum score: 12

 CT (Bhattacaryya, JBJS Am 2006)
* 100% sensitivity
*  62% specificity:

* risk of intervention on healed fracture




Indication for non-union surgery:
e Symptoms (pain,...) and:
* When progress in healing will not occur without surgery

* Earlier surgery if healing will result in significant malalignment

4 months:
* Pain
e 15 varus




Classification: Septic versus Aseptic

Infection screening
* History:
 wound drainage
* sinus formation
e previous infection treatment
e Clinical evaluation
* X-ray
* CRP, (SR, blood-count)

Option
*  MRI: no implants
e PET-CT

* Sensitivity: 95%
e Specificity: 87%
* Leucocyte scientigraphy /SPECT
Specificity dependent on time from trauma/surgery

20% of aseptic non-unions have positive intra-operative cultures (Moghaddam et
al. Injury 2015).




Classification: ASEPTIC non-union

Radiological (Weber and Cech. 1976):
* Hypertrophic

* Oligtrophic

e Atrophic

Mobility (/lizarov/Cartagni):
» Stiff <7 degrees
 Mobile

* Mobile with angular deformity

(Paley 1989):

After removal of metalware and fibula
osteotomy

*  Mobility

* Angular deformity
 Boneloss

e Tibial length




Non-union scoring system (Calori et al. Injury 2008):

Non-union personality: Bone, soft tissue, patient (infection, smoking).
15 parameters: score from 0-100

The bone

Score

Max. score

Bone quality

Primary injury -
open or closed fracture

Number of previous
interventions on the

bone to procure healing

Invasiveness of
previous
interventions

R

Weber & Cech group

Bone alignment

Bone defect - gap

Good
. Moderate
. Poor

i Nerypoor o iiiidii
. Closed

Open grade I
. Open grade I1 - IITA

... OpengradelMBandmC |
 None

<2
24
>4

anymvamve_quurgery

Internal intra-medullary nailing
i Internal extra-medullary

... Any osteosynthesis which indude bone grafting |
. Inadequate stability
Adequatestability =~~~

. Hypertrophic
. Oligotrophic
| Atrophic

.1 Anatomical alignn
. 0.5-1 am

. Non-anatomical alignment

. 1-3cm
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Non-union scoring system: calori et al. Injury 2008

Soft tissue status

The patient

Diabetes

Blood tests:

Clinical infection status

Smoking

ASA grade

Drugs

. Intact

Minor scarring

. Previous treatment of soft tissue defect
. Previous free flap

. Poor vascularity

| Presenceof skinlesion / defect |

R
Yes — well controlled

T
: ESR =20

Clean
. Previously infected or suspicion of infection

Steroids
No
. Yes

5
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Validation of the Calori
non-union scoring system (NUSS)

The classification should guide treatment !

* Abumunaser and Al-Sayyad, Orthopedics, 2011

s e

<25 Autograft/IMN/plate 3/3

25-75 Circular fix., vascularized bone 33/33
graft, free flap, BMP, bone
transport

> 75 Amputation 4/4

Chi-squared test: p<0.0001; Contigency coefficient: 0.76




BASIC treatment principles

- Biology:
Stability: 0108y . |
. * oligotrophic / atrophic (mobile)
* hypertrophic (stiff) * pseudoarthrosis (hypertrophic mobile)




Biological stimulation

Osteo-inductive/osteogenic/(osteoconductive)

» Autograft (gold standard)
* Bone transport

* Masquelet

* BMP/BMA(C)

* Mechano-biology

e Vascularized bone graft

* Free flap (vascularity)




Management of tibial non-unions according to a novel treatment
algorithm

Nando Ferreira ', Leonard Charles Marais Injury. 2015;46(12):2422-7.

Tumour Sepsis and Reconstruction Unit, Department of Orthopaedic Surgery, Greys Hospital, Nelson R. Mandela School of Medicine, “§
University of KwaZulu-Natal, South Africa ‘

Dr Nando Ferreira Dr Len Marais



Tibial Non-union

Tibial non-union |
treatment a’gorithm Optimise modifiable

host factors

|

Infected ?

Yes

e 122 consecutive uninfected

Chronic Osteomyelitis

Treatment Protocol

tibial non-unions !!!

al

Bone loss / Defect

h/ Yes

Assess Stiffness* and
Radiographic appearance

* Minimum 6 months follow-
up after frame removal

e Afterinitial surgery: Bony
union in 113/122 (93%)

AT

Mobile Atrophic
Hypertrophic

Stiff Hypertrophic / Oligotrophic
‘Pseudoarthrosis’

* 9retreated after algoritm => 1 l

7/9 bony union

|

Bone Defect

1

Deformity ?
N (/ \Yes r\gﬁg:sgﬁfl Pseudoarthrosis
. . ¢ vl resection and
* Final bony union: 120/122 ciroular oxator | | i o fixator bone
o Circular Hexapod + bone graft wanepart
( 9 8 A) ) fixator closed
closed distraction
distraction and
deformity
correction

Ferreira and Malais. Injury. 2015

Functional rehabilitation

= Aftar removal of metalware and fibhiila actentomy

Circular fixator
limb shortening
+ lengthening

Or

Circular fixator
bone transport




Five pillars of non-union management

Ferreira and Malais. Injury. 2015



Optimise modifiable host factors:

Tibial Non-union

 Smoking

 Diabetic control
Optimise modifiable
host factors

e antiretroviral for HIV positive (

Yes

Chronic Osteomyelit

2 —_—
Infected * Treatment Protocol
No l
Bone loss / Defect
Assess Stiffness* and
Radiographic appearance
Ferreira and Malais. / l \
Injury. 2015 3 . Mobile Atrophic Mobile
Def
Stiff Hypertrophic 1 Oligotiophic - Hyp ertro _ph' c Bone Defect




Optimise modifiable host factors:

 Smoking

Diabetic control

antiretroviral for HIV positive

Tibial Non-union

Optimise modifiable
host factors

Additional:
Anaemia

Malnutrition

Endochrine/metabolic:

Vitamine D
Hypothyoidism

Medications

NSAIDs, steroids,
methotrexate, biological
anti-rheumatoid

Infected ?

o]

Yes

. Chronic Osteomyelit
Treatment Protocol

Bone loss / Defect

/

| Stiff Hypertrophic |

Yes
ptiffness* and
liC appearance
WVooile Atrophic Mobile
/ Oligotrophic ~ Hypertrophic

‘ ‘ Bone Defect



Stiff hypertrophic
*67/122

Mobile
(atrophic/oligotrop
hic):

Assess Stiffness* and
Radiographic appearance

Stiff Hypertrophic

Mobile Atrophic

Mobile

Bone Defect

. / Oligotrophic Hypertrophic
48/ 122 ‘Pseudoarthrosis’
Pseudoarthrosis: |
*1/122 ‘
/ Deformity ?
Bone defect: . Circular fixator
" s Mﬁchanlcta\l Pseudoarthrosis limb shortening
“B/T22 L ‘gl"";?" : resection and + lengthening
circular fixator circular fixator bone
stabilisation transport
Circular Hexapod + bone graft Or
fixator closed
closed distraction . :
distraction and Circular fixator
deformity bone transport
correction

Ferreira and Malais. Injury. 2015




Circular fixator: 122/122 non-unions |

¥

Assess Stiffness* and

Radiographic appearance

v

b\

Stiff Hypertrophic

Mobile Atrophic
/ Oligotrophic

v

Deformity ?

Y\

l

Mobile
Hypertrophic
‘Pseudoarthrosis’

Bone Defect

,

l

Mechanical
alignment,
circular fixator

stabilisation

Pseudoarthrosis
resection and
circular fixator bone

transport

Circular fixater
imb shortening
+ lengthening

Or

Circular Hexapod _ + bone graft
fixator closed
closed distraction
distraction and
deformity
correction

Ferreira and Malais. Injury. 2015

Circular fixator
bone transport




Circular fixator: 122/122 non-unions |

¥

Assess Stiffness* and
Radiographic appearance

VAR B

Mobile Atrophic Mobile
/ Oligotrophic Hypertrophic
‘Pseudoarthrosis’

Stiff Hypertrophic Bone Defect

v

Internal fixation when safe: ‘gg

—* soft-tissues

fixa

e degree of correction

* stability




Injury, Int. ]. Care Injured 4654 (2015) S39-S50

Treatment of atrophic tibia non-unions according to ‘diamond concept’:
Results of one- and two-step treatment

Arash Moghaddam®, Severin Zietzschmann? Thomas Bruckner®, Gerhard Schmidmaier?

2 HTRG - Heidelberg Trauma Research Group, Trauma and Reconstructive Surgery. Center for Orthopedics, Trauma Surgery and Spinal Cord Injury. Heidelberg University Hospital,
Schlierbacher Landstraffe 200a, D-69118 Heidelberg Germany
b Institute of Medical Biometry and Informatics, University of Heidelberg Im Neuenheimer Feld 305, D-69120 Heidelberg Germany

Vascularity

growth factors g

mechanical environment

osteogenic cells (ETN PROtect™)

Vascularity




Atrophic tibial non-union: diamond concept

49 aseptic tibial non-unions
without defect

97% follow-up
NUSS (Calori): 38+/-12
Treatment:

* Plate: 65%

* IMN: 26%

e Ext. fix. 0%

e Screws: 2%

Union: 41/49

Amputation: 2/49

Atrophic tibia non-

/N

Defect < 1cm
or
No clinical signs of
infection

Defect > 1cm
or
Clinical signs of
infection

o

o

One-Step treatment

20% intraoperative
positive cultures

Two-Step treatment
according to
Masquelet

N

Moghaddam et al. Injury. 2015




I\/Ioblle ollgotrophlc non-union




Mobile, oligtrophic, non-
union

* Removal of ext. fixation
and prox. screws

e 4 weeks in a cast

* Debridement, reaming,
gentafleece, IMN, autograft




Summary: ASEPTIC non-union

Are you sure it is aseptic ?

Read the patient and the non-union

* Broad armementarium of treatments
availaible

Treatment principles:
* Five pillars

* Diamond concept




