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ABSTRACT

There is no consensus among surgeons on the trgafionéumeral fractures: the best it is still atteaof
some debate. The aim of our work was to demongtnateexternal fixation may be considered a valid
method not only in emergencies but also for thindife treatment of such fractures. We perform a
retrospective case study review on 85 humeraldrast 62 shaft fractures, and 23 extrarticulamadisird
fractures treated with external fixation. Clini¢Blisabilities of the Arm, Shoulder and Hand (DASi¢bre
and SF-36) and radiographic follow-up lasted orraye 30 months (minimum 12 to maximum 36).
Complete healing of fractures was achieved in 9706%ases (83 patients), with an average consaidat
time of about 12 weeks (83.2 days). One case alyddlunion and one case of refracture were enaauahte
Eighty-one patients demonstrated SF-36 scoresatave the national average and an average DASHd sco
of 8.9. External fixation of humeral shaft fractsife considered a valid treatment method as itigesvgood
results in terms of stability of reduction, toleifdip, healing times, and functional recovery.

INTRODUCTION

Humeral shaft fractures represent approximatelyy2e8all fractures, having an average incidence
of 14 out of 100,000 [1], [2], [3].

They present a bimodal peak incidence: they areerftequent in males under 50 years of age and
in females over 70.

In the case of males, the causative event is giyargh-energy trauma due to road accidents,
sports injuries, or falls from a considerable heigh

On the other hand, in females, in addition to heglergy trauma, low-energy impacts such as a fall
at home from a modest height often precipitate $taztiures due to a clinical condition of
osteoporosis [1], [4].

The most frequent and dangerous complication ofdrahshaft fractures is represented by damage
to the radial nerve, which runs along the rearamgrfof the bone in the spiral groove of the
humerus. This lesion is present in 11.8% of alesg45.2% of all shaft fractures) and most
frequently associated with spiral Holstein—Lewesctures [5].

The nerve may be bruised or stretched by the fradtagments, or may even tear. In the latter
case, the onset of paralysis is abrupt and preasrdageficit in extension of the finger (falling
hand) and wrist, with hypo-anaesthesia of the &gt second fingers and the first and second
metacarpus on the back of the hand.

Partial functional recovery may take several mouid is usually complete within 2 years, so
progress should be monitored with electromyograpdiss.



In most closed fractures, up to 100% for some asgthadial nerve recovery is complete and it can
last up to 6 months. Surgical revision of the nasveecessary only if functional recovery has not
yet begun after 6 months from the traumatic eveptf].

Other complications that may occur in humeral sfrafttures are nonunion and brachial artery
injury.

The appearance of nonunion is extremely variabben 2% to 33% of humerus fractures, its
occurrence depending on many concomitant causefaetwis|[8], [9].

In humeral fractures, nonunion is defined as tlgographic detection of delayed consolidation of
the fracture 6/8 months after treatment [10], [11].

The main cause is instability of the fracture (itke presence of abnormal movements at the
fracture site) due to inadequate treatment and pahuction. Most fractures exhibiting nonunion
are revealed to have been treated with conserviaietbods [12].

According to several authors, obesity, definedad/bmass index (BMI)> 30, is a contributory
cause factor in 35-37% of nonunions. Other predisyorisk factors, in addition to the already
mentioned instability of the reduction, are thdydase of tobacco (38-53%), cardiovascular
disease (37%), metabolic bone disease (32%), dgttgaama with multiple fractures of long bones
[13], [14].

Another cause of nonunion is the exposure of thetdire, which causes the loss of fracture
hematoma, compromising the beginning of the codatibn process. In addition, exposure can also
lead to bone fracture infection, resulting in nomem [10], [11].

Finally, bone necrosis due to poor blood suppbrnsther condition favouring evolution towards
nonunion.

Injury of the brachial artery is a rare but dreadethplication that requires urgent treatment.

In recent years, the most commonly used treatmethads for humeral shaft lesions have been
conservative, with casts and braces, and surgitalimternal fixation, intramedullary nailing
(IMN), and external fixation.

Our experience with external fixation devices Hésaged us to assess how the use of the fixators
produced clinically and radiographically similasuéts to other more invasive methods, while
affording the advantages of speed and low invasis®n

In the following we review the cases of humeralfsfiacture treated in our clinic between 2001
and 2010 with the aim of determining whether the afsexternal fixators should be considered a
valid method, not only in the event of an emergdmnatyalso for the definitive treatment of such
fractures.

MATERIALSAND METHODS

We treated 85 patients (63 males and 22 femalak)axternal fixation out of a total of 270 humeral
fractures who underwent surgery. The mean followvag 30 months (minimum 12 to maximum 36).



The patients’ average age was 43.9 years (minimuto inaximum 86).
Most of the fractures resulted from high-energwina in young-adult males.

In nine cases the patients had undergone polytrawitiaother skeletal segment lesions. The frastwere
graded according to the AO Foundation and Orthapaeduma Association (AO/OTA) classification.

Applying this classification to our series, we fadun

12-Al: 12; 12-A2: 12; 12-A3:4; 12-B1:18; 12-B2:£2-B3:4; 12-C1:3; 12-C2:2; 12-C3:3; 13-Al: none; 13-
A2:19; and 13-A3:4

All patients had a soft tissue lesion greater traaqual to grade 2 Tscherne.
There were also four exposed fractures.

We used the Stryker Hoffmann type Il external foratvhich is a modular fixator consisting of alumim
and carbon fibres and aluminium bars.

The operative technique consists of placing theepasupine on the operating table with the afféeten
abducted at 45-60° and the elbow flexed at 90°.

Anaesthesia is generally locoregional, with cortimiinterscalene brachial plexus block. This tempinmi
enables immediate passive mobilisation of the dpdrsegment thanks to the possibility of prolongime
analgesic effect in the postoperative period.

The screws are self-tapping with a diameter of 8 oim and are always inserted manually, usually two
proximal and two distal to the fracture site, defieg on the complexity of the fracture. Some
interfragmentary screws can be used to betterlisglie fracture.

For the insertion points, we follow the technique anapping described by Professor Bianchi MaiofLhii
to fix all the screws on the lateral humerus.

One screw is inserted in a position just proximahie olecranon fossa under fluoroscopic guidaimcerder
to avoid the ulnar nerve, we proceed with latepatredial insertion of a Kirschner wire (K-wire)igitly
tilted in the posterior—anterior direction in aesged area of the lateral cortex. Then we remog&tivire
and use its entrance hole on the lateral cortexgagde for the first screw.

The second screw is fixed on the same plane dgshekeeping the elbow flexed and the arm abdiicte
This will slacken and shift the radial nerve fordiafhe area chosen for insertion is a safe zoner.5
proximal to the epicondyle. To improve security, uge the anchor positions 1-4 or 2—4 of the clamp.

The proximal screws are inserted into the latevahérus, proximal to the “V” of the deltoid muscle,
accessing the bone via a blunt dissection thronghruscle fibres of the deltoid.

We proceed to the installation of the connecting pasually two, and reduction of the fracture unde
fluoroscopic guidance.

Then we close the system and stabilise it withoastyar to increase the stability of the implant.

The use of two proximal and two distal screws afidrag” implant lends proper flexibility and staityl to
the fracture. Stability is further increased foe first 30 days by the crossbar connection.



As a final step, any intermediate fragments arelsetases where it was necessary to fix a thagrfrent
(medial, butterfly), we follow AO techniques foretistabilisation of small fragments: a 5-mm holeffected
on the lateral cortex and then a 4-mm-diametems@eised to pierce the medial cortical fragmerdgriable
it to be pulled through, so as to improve fract@uction and implant stability. [fig. 1]

In the postoperative period, antibiotic prophylasisontinued for 5 days, and patients are suljjecte
to early mobilisation of the operated arm.

The screws should be medicated every other daysigtiile saline solution or hydrogen peroxide.

Patients were followed up with clinical checks gv&b days in a specialised ward in order to assess
the condition of the skin around the screws, anlingcal and radiographic exam every 30 days to
assess the progress of fracture consolidationr Bfl@ays, dynamisation of the fixation system

was performed removing the crossbar connection.ekternal fixator was removed through a day-
surgery hospitalisation after complete healingheffracture.

Patients underwent further clinical and radiographiollow-up, which lasted for an average of 2.5
years.

The results were evaluated from both a clinical miiographic point of view, considering the
average consolidation time, and the onset of amymnion, refracture, and/or angular defects.

The most widely used health international questinernthe Short Form Health Survey (SF-36) was
used to standardise the results in terms of funatibmitations to patients.

The SF-36 offers the advantages of being fastiftieeview takes only a few minutes) and easily
reproducible. It is a multidimensional questionaaionsisting of 36 questions that explore eight
health domains: AF (physical activity), RP (rolailiations due to physical health), RE (role
limitations due to emotional state), BP (bodilyrpaiGH (general health perception), VT (vitality),
SF (social activities), MH (mental health), andragke question on the patient's perceived change in
health status.

The results were standardised by sex and age aegdadithe average values in the population.

The results are reported in terms of two indicégspral health (PH) and mental health (MH),
which are easily comparable with statistics ongéeeral population.

We also evaluated our patients with DASH (Disaletitof the Arm, Shoulder and Hand), a
guestionnaire that measures functioning and symgtampatients with any musculoskeletal upper
limb impairment.

A score of 0 indicates a state of optimal healthileva score of 100 indicates total disability loé t

upper limb. This tool provides greater specifidity lesions of the upper limb than the SF-36 and is
therefore very useful for evaluating the effectigeovery of arm function in polytrauma patients.

RESULTS

The 83 fractures (97.6%) in our series were codatdd in a mean time of 83.2 days (12 weeks).



There was one delayed union (1.2%), one refra¢iuB8o), and five angular defects between 10°
and 20° (7.2%). We had one case of neuro-apraxiaeafadial nerve, which spontaneously and
completely resolved after 2 months. No iatrogeattial nerve injury occurred in consequence to
insertion of the external fixator.

Two superficial infections (2.4%) and one suspedep infection (1.2%) occurred and were
resolved simply by removing the external fixatoaoidition to antibiotic therapy.

By standardizing the data for our clinical seriegg the SF-36, we obtained:

» eighty-one good results, in which the patient diineport any restrictions on their
work or normal social activities (SF36 scores atloove the national average) and

» four poor results with scores below the nationaB®@&verage. In these cases, the
patient had to reduce or change their normal daativities.

Applying the DASH score to our series yielded ebergtlresults, with an average score of 8.9.

DISCUSSION

Even today, there is still no universally agreedtumethod of treatment for humeral shaft
fractures.

Many methods of treatment, both surgical and coagiee, have been proposed over the years by
various authors.

Simple fractures without bone exposure have lorenlieeated with nonsurgical methods. Such
methods, the first to be implemented, are stillsidared valid, despite the disadvantages of
requiring long healing times and being difficultrt@nage, especially in uncooperative patients.

Surgeon experience and newer studies assessingpfml@utcomes in honoperative patients have
challenged the belief that humeral shaft fractur@gormly do well without surgery [16].

The two primary methods of definitive operativedfiton are IMN and compression plating [17],
[18].

A recent meta-analysis of plate fixation versus IkdNhumeral shaft fractures suggested that
plating is superior to IMN for humeral shaft fracts [19]. All told, however, the plates are
considered better than the nails, because theyesssuilar results without the risk of
compromising the function of the shoulder or elb{@].

With modern implants and surgeons adept to they lmgmeral union and functional outcomes have
been shown to be the same between plates and2iHils

Moreover, plate osteosynthesis is a rather invasigthod. According to Zhiquan et al., reduced
invasiveness can be achieved with the use of milynmvasive plate osteosynthesis (MIPO) [19].



The international literature contains very fewdes on external fixators for treating humeral shaf
fractures, and the only reported case studies deggarerely exposed fractures (Gustilo—Anderson
type 2-3).

External fixation does play a role and is increglsirused in polytrauma patient or combat setting
for temporary stabilisation; however, its use foe tefinitive management of humeral shaft
fractures is limited and not generally advised liseaof the concern for deep infection [22].

Additional indications for external fixation appiton include severe soft tissue injuries serious
exposed bone fractures (Gustilo type 2—-3), whegeethre severe soft tissue injuries (2—3°
Tscherne), vascular injuries requiring quick siahtion before repair, and an unstable elbow joint
after bony fixation [17],[23], [24], [25].

It also has the advantage of being a physiologiclendly’ method that fully respects the fractur
hematoma, thereby reducing the risk of eventualyetbping pseudarthrosis [17].

It is moreover very useful in achieving rapid sliabiion of a fracture in polytrauma patients for
whom other diagnostic and therapeutic procedurest tale priority (head injury and abdominal
trauma).

External fixation has been adopted by our teamdefinitive method for a number of reasons: ease
of installation, speed of surgical execution, gstabilisation of the fracture, and maintenance of
the fracture reduction over time.

External fixation is also less invasive than otim&thods and has no associated risk of injury to the
rotator cuff or elbow joint.

The risk of radial nerve damage is also quite IGVement et al. [21], [26] found a relative
frequency of such lesions in four screws out ofgv® implanted in the humerus.

However, our series did not result in any injut@she radial nerve from treatment with an external
fixator. Such good results seem to stem from caeefherence to the surgical technique: the limb
positioning, always flexed at 90°; insertion of 8wews distally, in the safety zone (8.5 cm from
the epicondyle); and the reduction manoeuvre. Sauttgors even use external fixators in injuries
of the radial nerve.

The patients’ compliance to the external fixatoswaite good. As reported by patients, our frame
for the humerus is not bulky and allows almosnalimal daily activities to be performed. [fig. 2]

Insertion of the screws on the deltoid muscle wel wlerated by patients, who reported no pain,
functional limitations, infection, or other commitons. Despite the amount of space occupied by
the frame, external fixation is well tolerated, mdhan other district. In fact, the majority of
patients start to move the shoulder and elbowitkeféw days after intervention and the range of
motion normally is complete after 20-25 days.

The use of an external fixator requires close nooimg): the patient should be assessed every 15
days to check the screws and make a careful cliewauation to avoid the occurrence of
complications such as infections.

The infections observed were all superficial andnigadue to the tension exerted on the skin by the
screws and were treated with small incisions ufat=l anaesthesia and oral antibiotic therapy.



One feature that distinguishes external fixati@amfrother treatment methods and which is very
important for good fracture healing is the abitibyprovide stability without excessive rigidity.

The timing of the consolidation of the fracturesatied with external fixation in this series (89.2
days) is in line with those of other methods: ddniiger than for intramedullary nails (82.9), thbug
a bit shorter than for plate osteosynthesis (92.2)

As for the poor results according to SF-36, thesele at least partly attributed to the associated
lesions incurred by some polytrauma patients.

In cases of multiple trauma, because the SF-3@enaric health status questionnaire, it is often
difficult to determine how much of the resultingnltation is due to the humerus fracture and how
much due to any associated injuries.

CONCLUSION

The treatment of humeral shaft fractures usingxa@real fixator enables achieving similar results
to more invasive surgical techniques. Indeed,farsfthe combined advantages of a simple,
physiological, and minimally invasive surgical teajue, good patient tolerability, and good
stability of the fracture reduction.

In the series presented herein good results weaeenal in 94.5% of cases, with only one delayed
union, mainly indicated in type 12 B and A2 fraesi{A3 fractures require longer healing periods)
and in 13 A2, A3.

The further benefits of external reduction inclualle possibility of mobilizing the treated limb
immediately and the excellent functional recovenjamable from both the clinical and
radiographic standpoints (demonstrable througlablégttests, and considering the patient's state of
health).

In agreement with Ruland, we believe that extefiration is indicated also in fractures of the
distal third of the humerus, in the treatment dditeiral fractures of the humerus and fractures with
radial nerve injuries, as well as in the treatnadritypertrophic nonunion and infection. It is a
minimally invasive technique that definitely progglmaximum protection of the soft tissues and
maintenance of the fracture hematoma to promotescdrmation [28].

However, external fixation does suffer from somavdracks, including greater staff exposure to
radiation and the development of superficial infats. Therefore, strict monitoring of the patiemt i
a specialised ward is in order.

We therefore believe that external fixation shdugdconsidered a valid treatment method for
humeral shaft fracture, not only in emergenciesatsd for definitive reduction of such lesions.



Fig. 1

Caucasian male, 55 yo: ((A) and (B)) X-ray at tiofiéracture. ((C) and (D)) X-ray 30 days after aamg (E)
X-ray 60 days after surgery. ((F) and (G)) The Exkas removed after 75 days. ((H) and (1)) X-ray 5
months after removal.



Fig. 2

Caucasian female 46 yo, obese (BMI 43): (A) X-ragirae of fracture. (B) X-ray 30 days after surg€i@)
The ExFix was removed after 70 days, X-ray afteraeal. ((D) and (E)) X-ray 4 months after removéF)
and (G)) The external fixator was well toleratedpite the patient's weight.
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