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Abstract

Introduction: High energy fractures like gunshot-related injuries or high velocity road traffic accidents are often complex to treat and
have been associated with a higher non-union rate, especially when there is extensive bone loss. Fractures with severe comminution
may not heal due to bone loss and an inability to achieve adequate fracture stability. Treatment of fractures that are not amenable to
plating or nailing may lead to non-unions, septic or aseptic, that need repeat surgeries. Stabilisation with external fixation is a reliable
option to maintain stability and provide a suitable environment for union.

Materials and methods: This retrospective study used medical records of all patients with complex mid-shaft humerus fractures,
as well as their complications, that were treated with hexapod circular external fixation between January 2009 and September 2015.
All the patients in this case series presented with severe humerus fractures or complications thereof which were not amenable to
conventional therapy.

Results: Union was achieved in ten out of the 12 cases (83.3%). Union was achieved without bone graft or any other interventions
at the fracture site except implant removal where indicated. The median time in external fixation was 196 days (interquartile range:
112-228). The most common complication encountered in this series was pin-site infection. Fixation points were noted to be infected
in 33% of cases at some time during the treatment period.

Conclusion: This study suggests that humeral non-unions and complex humerus fractures that are not amenable to conventional
fixation methods, such as intramedullary nails and plates, can successfully achieve union when treated with a hexapod circular external
fixator.

Level of evidence: Level 4
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Introduction

High energy fractures like gunshot-related injuries (Figure 1) or high
velocity motor vehicle accidents (MVAs) are often complex to treat
and have been associated with a higher non-union rate, especially
when there is extensive bone loss." Conventional management
of these fractures would include an intramedullary nail or plate
fixation to span the fracture while maintaining stability. Fractures
with severe comminution may not heal due to bone loss and an
inability to achieve adequate fracture stability. When the fixation
fails due to non-union or infection, the use of external fixation is
often required and may even be required as the initial fracture
management due to severe soft tissue defects.’? In 2007, Tomic
used llizarov circular external fixation to treat 28 non-unions of the
humerus and achieved 100% union in all 28 cases in an average
period of 4.1 months (range: 3.5-5.7 months).* In 2016, Ferreira
et al. used circular external fixation to treat septic non-unions in
eight cases and achieved 100% union rates with a mean fixator
time of 29 weeks.> A vital procedural step performed in this study
was the radical debridement of devascularised bone ends and
excision of the interposed fibrous tissue, which meant exposing the
fracture site.

The purpose of this study was to present our experience with
the use of hexapod circular external fixation of the humerus for a
variety of indications.

Figure 1. X-ray to illustrate the comminuted humerus fracture due to a
gunshot wound that confirms the difficulty of conventional management

Materials and methods

This retrospective study used medical records of all patients with
complex mid-shaft humerus fractures, as well as their complications,
that were treated with hexapod circular external fixation between
January 2009 and September 2015. All the patients in this case
series presented with a severe humerus fracture or a complication
thereof which was not amenable to convention therapy. An external
fixator was the only viable option for management. All patients
between the ages of 18 and 75 years were eligible for inclusion.
All patients were treated by the method of circular external
fixator application to the humerus, using the Taylor spatial frame
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(TSF) (Smith & Nephew, Memphis, TN). Some cases required the
removal of metal prior to fixator application, and intra-operative
tissue samples were taken for microscopy, culture and sensitivity
via the same approach used for the index procedures in the case of
plate removal. No bone grafting was done for any of the fractures.
Suppressive antibiotics were given in all septic cases.

A single stack TSF (5/8th ring proximal, and 5/8th ring distal)
with six variable length struts was the standard configuration used.
Rings were fixed with the open side of the proximal ring facing
medial and the open side of the distal ring facing dorsal to allow
elbow movement (Figures 2 and 3).

Fixation points varied according to the regional anatomy and
wounds, but a minimum of two hydroxyapatite (HA)-coated half pins
were inserted in the proximal segment. Distal fixation consisted
of two to three fixation points as a combination of fine wires and
HA pins. All fixation points adhered to described safe zones.®
Meticulous attention to the orthogonal mounting of the fixator as
well as the correct pin insertion technique, with the avoidance of
thermal necrosis by constant cooling with water while drilling, was
performed as standard practice. After frame application the fracture
was aligned as well possible in the coronal and sagittal planes
under fluoroscopy, after which the fast-fix struts were locked.

Pin sites were cleaned, and gauze swabs impregnated with
chlorhexidine and alcohol were applied. All patients received three
doses of post-operative antibiotic prophylaxis and pin-site care
was commenced on day 3 post-operatively in the ward. Wound
dressings were exchanged for clean ones on day 3 and radiographs
were obtained to determine the quality of the reduction. Patients
who required adjustments were kept as inpatients until completion
of the reduction. Patients were taught how to perform pin-site care
by trained ward staff, and materials for this (chlorhexidine and
gauze swabs) were dispensed on discharge. The first follow-up
appointment was booked at the outpatient department no later than
two weeks from the surgery date.

Figure 2. Intra-operative photograph taken after circular external fixator
application, demonstrating full extension without tethering of soft tissues

Figure 3. Intra-operative photograph of the same patient as in Figures 1
and 2, illustrating correct frame positioning and full flexion possible
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Table I: Summary of characteristics of each patient in the series

Patient Mechanism of Previous Specific treatment Aetiology
injury* implants

1 Open Nail Implant removed and fracture not opened or biopsy done Septic non-union

2 Open MVA None Trauma

3 Open Assault Nail Implant removed and fracture not opened or biopsy done Atrophic non-union
4 Closed FOOSH None Atrophic non-union
5 Closed FOOSH Nail Implant removed and fracture not opened or biopsy done Septic non-union

6 Open GSW None Trauma

7 Open GSW None Trauma

8 Open GSW None Trauma

9 Open MVA Nail Implant removed and fracture not opened or biopsy done Septic non-union
10 Closed MVA Plate Implant removed and fracture opened and biopsy done Atrophic non-union
11 Open MVA Nail Implant removed and fracture not opened or biopsy done Septic non-union
12 Open FOOSH Plate Implant removed and fracture opened and biopsy done Atrophic non-union

*MVA: motor vehicle accident; GSW: gunshot wound; FOOSH: fallen on outstretched hand

Table II: Summary of injury characteristics, previous treatments and aetiology of each patient in the series

m Mechanism of injury* Previous implants Aetiology

1 Open Nail Septic non-union

2 Open MVA None Trauma

3 Open Assault Nail Atrophic non-union
4 Closed FOOSH None Atrophic non-union
5 Closed FOOSH Nail Septic non-union

6 Open GSW None Trauma

7 Open GSW None Trauma

8 Open GSW None Trauma

9 Open MVA Nail Septic non-union
10 Closed MVA Plate Atrophic non-union
11 Open MVA Nail Septic non-union
12 Open FOOSH Plate Atrophic non-union

*MVA: motor vehicle accident; GSW: gunshot wound; FOOSH: fallen on outstretched hand

Radiological assessment of homogeneity, descriptive statistics are expressed as median
and interquartile ranges. Due to the descriptive nature of this case
Standard radiographs consisted of two orthogonal views, namely series, no inferential statistical analyses could be performed.

antero-posterior and lateral views, at each follow-up consultation.
Additional radiographs were performed in select cases where
residual deformity required further corrections. These consisted of
radiographs centred on the specified reference ring.

Prior to removal of the fixator, the radiographs were scrutinised
to assess union. In two cases the plain films were ambiguous in
demonstrating union, and computerised tomography (CT) scans
were performed in order to assess union. Two weeks following
frame removal, all patients were followed up at the clinic where
radiographs would be repeated and assessed for residual deformity.

FOOSH: 2
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Motor vehicle
accidents: 5

Assault: 2
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Functional assessment

A functional assessment in the form of a Disabilities of the Arm,
Shoulder and Hand (DASH) score was performed on all patients as
part of their first follow-up visit following frame removal.

Statistical analysis

Gunshot wounds:
3
All data was captured from the patient medical records and entered

into a Microsoft Excel spreadsheet. Data analyses were performed Figure 4. An overview of the mechanism of injury which caused the
with Statistica 12.0 (Statsoft Inc. Tulsa, OK, USA). Due to the lack complex humerus fracture
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Results

The final cohort consisted of 12 patients with a median age of
53 years (interquartile range or IQR: 44-59). All the patients were
right-hand dominant, and eight of the 12 had sustained a right-
sided humerus fracture while the remaining four had a left-sided
humerus fracture (Table I). The mechanism of injuries for the
patient varied from MVAs and gunshot wounds to mechanical falls
and assaults (Figure 4).

Nine fractures were open injuries while the remaining three
were closed (Table Il). Seven of the 12 (58%) cases had previously
been treated with internal fixation; of these, five patients had
intramedullary nails while the remaining two had plates and screws.
A total of four acute fractures and eight non-unions were treated in
this series.

Union was achieved in ten out of the 12 cases (83.3%). Union
was achieved without bone graft or any other interventions at the
fracture site except implant removal where indicated, and only in
the plate cases were the fractures opened. The median time in
external fixation was 196 days (IQR: 112-228). The overall limb
length showed a maximum shortening of 4 mm (IQR: 1-3) in the
operated humerus and a mean varus angulation of 3° (IQR: 2-9).
The bone contact and alignment were achieved intra-operatively
with the frame (Figure 5).

Two cases failed to unite (Figures 6 and 7). In both of these
cases the patients requested frame removal prior to completion of
treatment. Against recommendations, the frames were removed.
Custom-made thermoplastic splints were provided for these

Figure 5. The X-ray on the left shows previous instrumentation in-situ, with
evidence of sepsis and peri-implant osteolysis, in keeping with a diagnosis
of septic non-union. The nail was removed and the fracture was not
opened. The X-ray on the right of the same patient after circular external
fixator had been removed, showing union
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patients and chronic suppressive antibiotic therapy was prescribed
for the one case that had chronic osteomyelitis. Both cases had
been referred to internal medicine to assist with the optimisation
of the comorbidities at the outset of treatment, and appropriate
medical therapies were instituted. In retrospect, both these cases
probably represent failure on our part in terms of patient selection
with regard to their comorbidities (Table IlI).

The median DASH scores at the first follow-up visit following
fixator removal, was 70 (IQR: 41-76). According to the DASH
score Work Module, seven of the 12 patients were employed prior
to circular fixator treatment, three worked as manual labourers,
while the remaining four performed sedentary work not requiring
physical tasks. Three of these seven patients (42.8%) returned to
sedentary work within six weeks from the date of fixator application.
Of the remaining four patients, a further two returned to work within
three months. One patient changed occupation at the completion
of treatment as he lost his job due to prolonged absence. One
patient was unable to return to work in his former capacity.

Figure 6. The X-ray on the left shows the frame collapse and failure due to
loose pins. The X-ray on the right of the same patient shortly after frame
removal, with U-slab applied. Note the erosive bone loss at each of the
fixation points.

Figure 7. X-rays show the stabilised fracture in a reasonable position in
a frame and severe bone destruction and fracture non-union after frame
removal. Note the complete loss of the distal fragment.

Table lll. Summary of patient characteristics that may have contributed to a poor outcome in failed cases

Age (years) “ Previous implants Aetiology Risk factors Duration in frame (days) m

Right humerus None

Septic non-union
(trauma)

50 Left humerus None

Atrophic non-union Smoking, EtOH,
rheumatoid
arthritis, diabetes

Smoking, HIV+ve 184
(CD4 <350)

Non-union

Non-union + chronic
osteomyelitis
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Regarding the Sports/Performing Arts module of the DASH
score, there were four sportsmen among this group. Three had
returned to their respective sporting activities and one had given
up all sporting activities at the completion of treatment.

The most common complication that was encountered in this
series was pin-site infection. Fixation points were noted to be
infected in 33% at some time during the treatment period (a total 20
out of 59 fixation points used). The majority of these complications
(16 out of 20, 80%) were encountered at the proximal pins while
only four out of 20 (20%) of the distal fixation points became
infected. In a single case, a septic proximal pin site was identified
and treated at the first follow-up visit following frame application,
but among the rest of the group there were no reports of pin-site
problems in the first two months.

Pin-site infections were graded using the Checketts and
Otterburn classification,” and found to be grade 2 or less in all but
one case. This isolated case proved to be a significant challenge in
management due to ongoing chronic osteomyelitis, and eventually
resulted in a failure to unite. Local sepsis control was not successful
in this case despite removal of the offending pin. All other episodes
of pin-site infection were managed successfully with a short course
of oral antibiotics where indicated, local pin-site care and patient
education.

Discussion

The aim of this study was to present our experience with the
treatment of complex high energy humerus fractures and their
associated complications, managed with hexapod circular external
fixation. Although this treatment modality is very seldom needed for
humerus fractures, a small subgroup of injuries remains difficult to
treat by conventional means.

In our case series a union rate of 83.3% was achieved. This is
similar to the expected outcome of the gold standard in treating
humeral non-unions, namely autogenous iliac crest bone grafting
and plating,*8 without the need to expose the fracture/non-union
site as in the study by Tomic et al.* Sadiq, in 2002, reported a 91%
union rate of aseptic non-unions with compression plating and
bone grafts, which is comparable to union results.® The union rate
of 83.3% achieved in this series supports the findings of McFayden
et al. who successfully treated two humeral non-unions with TSFs.®
The aim of the treatment in the septic cases was to provide stability
for the fracture: nails were removed without opening the fracture;
and in the cases with a plate, the plate was removed and a biopsy
done.

The other aspect of this type of limb reconstruction is the length
of the limb after the treatment has been completed. In our series we
did not find it necessary to actively shorten the humerus in any of
these cases, which results in a more favourable residual deformity.

The use of internal fixation for the treatment of septic non-unions
has not been reported in recent literature. Several articles report
external fixation as the preferred method of fixation with or without
debridement and secondary bone grafting for aseptic non-unions.
This is an obvious advantage which would favour the use of the
circular external fixator over internal fixation in the presence of
sepsis.>10-13

The complications encountered in this study offered some key
learning points. The pin-site infection rate in this study was 33%,
which is significantly higher than the 17.9% incidence of pin-site
sepsis found by Ferreira et al. in their study involving tibias,'? but
also lower than the 41.6% pin-site sepsis rate quoted by Al-Sayyad
in his study of TSFs of the upper limb in a paediatric population.'
The majority (80%) of the problematic pin sites were related to the
proximal pins, presumably as they traverse a thicker soft-tissue

Page 39

envelope than the distal pins. In our series, all patients were right-
hand dominant, and right-sided humerus fractures were twice as
common as on the left, which meant that 66% of these patients had
to perform pin-site hygiene with their non-dominant hand. For these
reasons, we would recommend teaching a family member to assist
the patient with pin-site care as this may lower infection rates and
possibly the need for premature removal of pins.

The case series comprised an inhomogeneous group of patients
which makes the results difficult to interpret. The sample size of
12 cases would appear to fall short when compared to studies
of a similar nature conducted on tibias;"* however, it must be
remembered that the underlying event rate of complex humeral
fractures and non-unions is significantly lower than for the same
pathology seen in tibias." Witness to this fact is the sum total of
12 cases collected in a time span of six years. When compared
to studies involving circular external fixators of the upper limbs,
however, this study is the largest of its kind according to our
knowledge.

The functional assessment of these cases is based on the DASH
score. However, we interpret these scores with caution as they
were recorded at the first follow-up appointment following frame
removal. Unfortunately, no follow-up DASH scores were available for
comparison, and even though they are likely to show improvement
over time, this is recognised as a limitation of this study.

Conclusions

In conclusion, this study suggests that complex humerus fractures
that are not amenable to conventional fixation methods such as
intramedullary nails and plates, as well as those cases that have
failed to unite using these methods, can successfully achieve
union when treated with a hexapod circular external fixator. An
overall success rate of 83% was found, without the need for bone
grafting or the excision of any bone that would lead to significant
shortening. All the treatment failures occurred in non-union cases.
Despite a limited functional capacity of the affected limb, the
majority of patients were able to return to their previous level of
function regarding work and even sporting activities. This treatment
modality can, however, have a long duration, and is not without
complications.
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