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Abstract

Introduction Atrophic nonunion and defects is a rare complication of clavicle fractures. Therefore questions
arise when choosing the optimal method of their treatment.

Purpose We aimed to retrospectively assess the effectiveness of treating atrophic clavicle midshaft
nonunion and defects with a free fibular autologous graft fixed with the Ilizarov mini-fixator in combination
with an intrameduallary wire.

Materials and methods A retrospective study of 14 patients (11 females, 3 males) in the mean age
of 34.1 £ 2.8 years with atrophic nonunion and defects of the clavicle was carried out. Eleven patients had
post-traumatic nonunion after failures of its surgical treatment including seven cases of multiple surgeries,
and three cases were congenital nonunion. Pain in the clavicle area was the main complaint in 13 patients.
Five had minor restrictions in the shoulder joint function, and two had a pronounced adduction contracture
of the shoulder joint. Surgical treatment included debridement, resection of the ends of the fragments
to the paprika sign, defect plasty with a free autologous fibular graft followed by combined fixation
with an intramedullary wire and the Ilizarov mini-fixator. Supportive compression of 1 mm every two weeks
was produced at the junction of the fragments in order to stimulate repair. The mini-fixator was removed
after radiographic confirmation of a continuous union of the graft with the fragments.

Results and discussion The post-resection defect averaged 3.1 £ 0.2 cm. Union was achieved in 11 cases.
The average period in the mini-fixator was 159.9 # 11.9 days. In all cases, after dismantling the device,
the range of motion in the shoulder joint retained preoperative parameters. The complications were
one graft migration, soft-tissue inflammation and deep infection (two cases). Soft-tissue inflammation was
treated with antibiotics while deep infection required prompt debridement. Long-term results were followed
in 13 patients. There were no problems with the donor site in the long term. The Ilizarov mini-fixator assisted
by an intramedullary wire provides stable fixation and allows compression at the junction of bone fragments
with a fibular autograft to stimulate bone formation and union in clavicle midshaft nonunion and defects.

Conclusion The combination of three technical components (autologous grafting, Ilizarov mini-fixator,
intramedullary wire) yields positive results in the management of large post-resection defects of the clavicle
midshaft. Upon graft consolidation, the clavicle acquires a near-to-normal radiographic bone structure.
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INTRODUCTION

Clavicle fractures account for 2 to 5% and up to 10 % of fractures in adult and paediatric
population, respectively, and therefore are a frequent practice for an orthopaedic surgeon [1].
The middle third of the clavicle is affected in 80 %. It can be effectively treated conservatively [1-3].
However, non- or mal-union of the clavicle were reported in up to 15 % of conservatively treated
displaced fractures [2-5]. Therefore, unstable and open clavicle fractures, displaced fractures
and with pronounced shortening or threat of skin perforation continue to require surgical
treatment [3-5]. Currently, the main surgical techniques for clavicle fracture repair are plating
and intramedullary osteosynthesis, resulting in nonunion rates ranging from 2.6 to 5.9 % [4-8].
It is difficult to assess a direct relationship between surgery and incidence of nonunion. However,
it is obvious that inaccurate reduction and instability of fixation can be considered as factors
provoking nonunion.

Autologous iliac crest grafting in combination with either plating or nailing are the most common
surgical methods for clavicle nonunion [9, 10]. Fragment end layer and the need for a wide dissection
of tissues in clavicle nonunion are undoubted problems for achieving union with these techniques.
Donor site morbidity after collection of a tricortical graft is a negative consequence. External fixation
in the treatment of clavicle nonunion is not a unified approach, and has not been used for extended
defects [6, 11-14]. Vascularized grafting, as reported, requires precision techniques, experienced
plastic surgeons, and is very traumatic for the donor site [14, 15].

Treatment failure is always a challenging problem that encourages surgeons to search for the most
appropriate way of treating clavicle nonunion, including recalcitrant cases [14]. To date, the approach
to surgical treatment of clavicle nonunion and defects is not standardized but external fixation has
been discussed both for fractures and hyper- /hypotrophic nonunion of the clavicle [6, 16].

We aimed to retrospectively assess the effectiveness of treating atrophic clavicle midshaft nonunion
and defects with a free fibular autologous graft fixed with the Ilizarov mini-fixator in combination
with an intrameduallary wire.

MATERIAL AND METHODS

From 2011 to 2022, fourteen patients (11 females, 3 males) with clavicle nonunion and defects
were treated with free autologous fibular grafting and combined fixation with the Ilizarov mini-
fixator and an intramedullary wire (Table 1). Their mean age was 34.1 * 2.8 years (range, 12—
53 years). All patients had been previously treated surgically at other hospitals with various
methods. The nonunion was post-traumatic after operations for closed fractures in 11 patients.
The disease duration ranged from one to 24 years. Three youngest patients had presumably
congenital pseudarthrosis of the clavicle diagnosed at the age of over 10 years. They started
feeling pain or deformity while growing but their medical records had no history of trauma.
Seven patients had more than one intervention for nonunion. One patient had a history of deep
infection with remission for more than one year (Table 1, P7) but active signs of inflammation
were not diagnosed at admission both by clinical examination and laboratory tests.

Pain of varying intensity was the main complaint in 13 patients. Preoperative examination assessed
the range of motion (ROM) in the shoulder joint and radiographic views in two projections. ROM
was full in seven patients. Five had a slight restriction in shoulder abduction (up to 30 degrees
of total ROM), and two had a pronounced joint motion limitation.
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Table 1
Patient data

Patients Pl | P2 P3| P4 |P5 P6 P7 P8 P9 |PI10|P11 |P12|P13 P14 |Meansor%

Age 1220 49 | 19| 16 | 30 | 38 | 53 | 36 39 | 51 | 44 | 39 | 44 34\%;52'8
Gender F F|F | F F M|F | F|F | F | M| M F|F  768%F
Etiology CP | IF | IF | CP | CP | IF |[MVA|MVAMVA| IF | IF |MVA MVA IF

Duration

of the disease | 12 2 2 6 9 3 1 1 1 1 24 1 4 9 54%1.2
(years)

PL | PL 2PL| PL

Previous PL 7
Iw IW | EF | EF PL+ | PL+ | EF | PL | PL+ | PL+ | IW | IW :
surgery Iw EF Iw BG | BG BG | BG recalcitrant

a?fl‘)edefe“ 2 | 2 15| 2 25| 4 |25 45 35|35|35|35| 3 | 5 | 31%0.2

?&g%rytime 205 | 180 | 180 | 120 | 245 | 175 | 105 | 100 | 145 | 125 | 130 | 100 | 180 | 185 |155.4 % 10.0

Consolidation| + + - - + + - + + + + + + + 78.6 %

Duration of
fixation (days) 144 | 216 | 183 | 123 | 124 | 168 | 183 | 105 | 121 | 166 | 178 | 163 | 147 | 175 |159.9+11.9

Follow-up Long-term
(years) 1 1 1 1 1 1 10515 1 1 1 1 5 9 959 9%
Complicationsj - |BGM| PI | PTI |PTDI] - | DI | - - - - - - |DSP| 35.7%

Notes: P — patient; MVA — motor vehicle accident; IF — isolated fracture; CP — congenital pseudarthrosis; IW —
intramedullary wire; PL. — plating; BG — bone grafting; EF — external fixator; BGM — bone graft migration; PI — pin
instability; PTT — pin tract infection; PTDI — pin tract deep infection; DI — deep infection; DSP — donor site pain

The size of the defect was measured in frontal and axial radiographs, the hypotrophy of the fragments
was assessed, and the resection of the endplates was planned (Fig. 1 a).

Surgical technique and postoperative care

An anterior approach to the clavicle was used with a patient lying in the supine position.
After the removal of foreign bodies and debridement of the interfragmentary gap, resection
of nonunion endplates was performed to the bleeding bone (paprika sign) and the fragment ends
were shaped for a side-to-side contact with the graft. The length of the defect was measured.
The wound was tamponed.

The ipsilateral lower limb was chosen for graft harvesting, what facilitated the work of the surgical
team. The fibula was approached in the middle third, retreating proximally at least 10 cm from
the ankle joint gap, and a vibrating saw was used for cutting the graft. After hemostasis, the wound
was sutured. Primary co-aptation of the graft was assisted by inserting a 1.8-mm intramedullary
wire. Depending on the anatomical features of the fragments (defects caused by metal implants),
the wire exited from the acromial or sternal end of the clavicle. The wound was sutured.

Three 1.5-mm cantilever wires were inserted in each fragment of the clavicle (Fig. 1 b). The wires
passed throughboth cortical plates. The moment of exit from the cortexwas feltasa"fall"; therefore,
the pressure on the drill was weakened when passing the second cortical plate. The penetration
of the wire into the soft tissues outside the second cortex was no more than 1 to 2 mm.
The topography of the neurovascular bundle was necessarily considered. The wires were held at an
angle of 90-100° to each other, depending on the soft tissues. The external part of the wires was
bent using a wire holder and mounted on the threaded rod of the Ilizarov mini-apparatus. The rod
was positioned along the axis of the clavicle and along the projection of the intramedullary wire.
Proximally, washers could be used in order to maximize the stability of the support. The distal
support was attached to a connection plate in order to enable axial compression (Fig. 1 b).
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Fig. 1 X-rays and photo of P1 (Table 1) with hypotrophic nonunion of the clavicle with a 5-mm gap and incongruent
sclerotic ends of the fragments (a); defect repair and deformity correction upon mini-fixator placement and tight
contact of the graft with the fragments (b); photo of the patient showing the shoulder function which is slightly
restricted due to the placed mini-fixator (c); union and graft remodeling after 1-year (d)
In the postoperative period, dressings were changed if required. Supportive compression of 1 mm was
produced every two weeks. Radiographic checks were taken after 2 and 4 months, further radiographic
assessment was recommended based on the consolidation dynamics after 5 and 6 months post-
surgery. In the case of the radiographic signs of graft lysis in the contact area, acute compression
up to 2-3 mm was performed for tighter contact of the fragments. Exercise therapy was initiated
on the first postoperative day with the upper limb fixed in a scarf bandage that was prescribed
for at least three months after the operation (Fig. 1 c).

RESULTS
The size of the defects varied from 1.5 to 5 cm and averaged 3.1 # 0.2 cm after resection. Union

was achieved in 11 cases (78.6%) and an average consolidation time was somewhat over 4 months
(Table 1). Failures in union were patients 3, 4 and 7. In patient 3, union of the graft was achieved
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with only the proximal fragment. The device was removed due to wire instability. Re-osteosynthesis
was recommended, but the patient was lost for further treatment. Patient 4 had the device removed
due to pin-tract infection; a second osteosynthesis procedure was proposed after infection arrest
but the patient was lost for repeated treatment due to a change in his residence place. In patient
5, pin-tract infection developed into deep infection with the need for surgical debridement, after
which it was arrested and nonunion healed. Case 7 had a history of chronic infection and this was
one of the reasons for infection recurrence. After three months, a fistula opened in the projection
of the graft; there were radiographic signs of sequestration, what required surgical debridement
but the patient rejected further surgical treatment.

Among other complications was graft migration in patient 2 as instability of the intramedullary
wire developed due to marginal defects and bedsores from the previous metal implant. Migration
was diagnosed in the early postoperative period while producing compression. This required revision
intervention with changing the intramedullary wire. Pain at the donor site was observed in patient 14.
The patient fell with her foot twisted on the 7th day after surgery. Pain persisted in the area of the ankle
joint but radiography did not reveal any ankle fracture. In the long-term follow-up period, the patient
did not complain, radiological signs of ankle joint osteoarthritis were not detected.

In all cases, after fixator removal, the passive ROM in the shoulder joint was within the preoperative
ROM and the patients were referred for physiotherapy rehabilitation.

DISCUSSION

Despite the severity of the condition, it is difficult to consider clavicle nonunion and defects acommon
pathology as the nonunion rate following clavicle fractures is not high [1-7]. Pain, shortening,
deformity and limitation of shoulder ROM that accompany nonunion and defects of the clavicle make
surgical treatment mandatory. The success rate after primary treatment of nonunion with various
methods of osteosynthesis is quite high [6, 9, 10]. Therefore, there is not much experience in treating
its failures, and comparative and prospective studies on the topic are unlikely in the future. Our
study was a retrospective series of 14 cases collected within a relatively long period of eleven years
due to the rarity of the pathology. Moreover, the cases were failures of nonunion treatment with
common methods at other facilities. Therefore, based on our retrospective experience of clavicle
surgery for nonunion treatment failures, we are inclined to opine that the tactics of treating clavicle
nonunion and defects should choose the method of autologous grafting and a fixator that is capable
of maintaining stability over a long period of time required for graft remodeling [10, 11].

The Ilizarov mini-fixator that was designed for small bones is capable to produce stable bone
fixation, compression and distraction [12, 17, 18]. While planning a revision operation, it is also
necessary to consider such negative factors as a history of polytrauma, unstable fixation, multiple
interventions, and blood supply disorders at the ends of fragments.

Intramedullary nailing has been successfully used for treating clavicle nonunion. However,
the optimal category for this kind of intervention is patients who had no previous surgical
treatment [10]. The lack of rotational stability of this fixation method, in our opinion, is a significant
drawback. On the other hand, nailing seems more reasonable than plating due to a complex three-
dimensional anatomy of the clavicle. It was the reason for the use of an intramedullary reinforcement
wire in the technique described by us.

Undoubtedly, bone plating has sufficient fixation capability. However, the surgeon may encounter
difficulties in positioning the screws as previous implants leave their tracts in the clavicle.
Moreover, compression in the area of the junction with the fragments could be produced once only
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during the intervention to install the plate. There were also problems with postoperative wound
healing by using wave plating [9]. AO plates used as external fixators cannot allow compression
in the postoperative period [11]. The removal of the plate will always require additional surgical
intervention and this intervention is associated with the risk of refracture if a structural graft is
used. Good results were obtained with double plating [19], but the sample was relatively small.
Unfortunately, our study also features this limitation.

It was assumed that external fixation appears to be a reasonable treatment option in hypertrophic
nonunion of the clavicle but not in the atrophic one [6]. In our series of atrophic nonunion, an important
merit of the Ilizarov mini-fixator was utilized which its ability to produce supportive compression. The
technique seems reasonable for marginal aseptic lysis of the graft in the areas of contact with the clavicle
fragments, diagnosed by radiographic checking. Thus, additional surgical plasty with bone chips would
not be required. To produce compression would be enough to approximate the fragments to the graft.
The intramedullary wire in our technique allows such compression without the risk of secondary
displacement of the graft. For cortical defects in the fragments caused by previous implants, we
recommend paying close attention to stable insertion of the intramedullary wire as it should provide
necessary fixation of the graft. The cantilever wires do not pass through the graft and do not hinder
its periosteal blood supply. As wide dissection of soft tissues to insert the wires into the fragments
is not required, their periosteal blood flow remains preserved and certainly has a positive effect on
achieving union [9, 10, 20]. The variability of Ilizarov mini-fixator assemblies allows the inclusion of
half-pins, as in AO mini-fixators [13]. Therefore, this external fixator can be used in adult patients with
increased body weight. On the other hand, the technology can be used in children and adolescents
with small clavicle sizes as insertion of 1.5-1.8-mm wires will not splinter the bone. Given the lack of
consensus on the treatment of congenital nonunion of the clavicle [21, 22], the described technique,
in our opinion, has shown its possible application in children despite the difficulties with the wire and
mini-fixator care in terms of their compliance with asepsis. Other advantages of the Ilizarov mini-
fixator include the ease of its dismantling and the possibility to start physiotherapy exercises early [12].

Undoubtedly, cancellous bone from the iliac crest can be considered the "gold standard" of bone
grafting. Its use for cases of a small interfragmentary gap, marginal defects in the fragments,
or combined with osteoperiosteal decortication leads to good outcomes [9, 11, 19]. However, the iliac
crest is a spongy graft, and the closure of a segmental defect of the tubular bone with it requires
samples with 2-3 cortical plates and its harvesting may result in donor site pain. On the contrary,
the diameter of the fibular graft is close to the diameter of the clavicle and its adaptation in the zone
of contact of fragments does not require additional time or complex techniques. The advantages
of a fibular graft include its reinforcing properties due to the cortical structure and a medullary
canal, which facilitates the insertion of an intramedullary wire. Pain at the donor site level occurred
only in one of our cases and was associated with a concomitant injury of the ankle joint ligaments
in the early postoperative period. Conservative treatment proved to be effective and the patient had
no complaints in the long term.

Moreover, our technique does not require precision equipment, is relatively simple and affordable
in contrast to vascularized bone grafting [14, 15]. Moreover, the technique is sufficiently safe. There
were no cases of neurovascular problems, brachialgia or injury to the pleura in our clinical cases,
similar to other studies with the application of mini-fixators to manage clavicle nonunion [12, 13].
There were two patients who developed deep infection, including the one with its history. It was
recently reported that revision surgery after failed surgical treatment of midshaft clavicle fractures
is often associated with positive detection of bacteria but without signs of infection [23, 24].
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One could judge our technique being a complex procedure due to its three-component structure
and possible wire-tract infection. Other techniques that ensured union in recalcitrant cases
with resection defect within 1.5 cm are also complex and took longer time to heal [24]. We developed
our technology that provides stability and compression mainly for failures of clavicle nonunion
treatment accompanied by larger defects or for congenital cases,being aware of the atrophic condition
of the fragments ends. Finally, only two cases after multiple previous surgeries did not heal.

Randomized controlled trials would be a valuable contribution to the problem but unfortunately
their implementation could hardly be realized.

CONCLUSION

The combination of three technical components (autologous free fibular grafting, Ilizarov
mini-fixator, intramedullary wire) provides control of the graft by mechanical compression
and consolidation in the management of large postresection defects of the clavicle midshaft. Upon
graft consolidation, the clavicle acquires a near-to-normal radiographic bone structure. The upper
limb recovers its functionality.
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