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Introduction. The nonunion rate has been reported between 0.1% and 15%. There are also several predisposing factors for the onset of complications: general factors connected with the patient and specific factors related to the fracture site. The purpose of our study is to
review the etiology of nonunion of the clavicle in its atrophic form and investigate the outcomes of the revision
treatment in a single step.
Materials and methods. Retrospective study on 71 patients
suffering from nonunions due to the following treatments:
conservative in 13 patients; plate fixation in 12; closed reduction and fixation with K-wire in 24; open reduction and
fixation with K-wire. All patients were operated on in beach
chair position and classic approach to the clavicle by incising the previous surgical scar. The clinical and radiographic criteria for evaluating the outcomes were: the
Short Form (12) Health Survey (SF-12), the Constant
Shoulder Score (CSS) and the Disability Disabilities of the
Arm, Shoulder and Score (DASH) and radiographic Union
Score (RUS) for bone healing. The evaluation endpoint
was set at 12 months.
Results. Blood and culture tests showed 22 infected
nonunions and 49 atrophic or oligoatrophic. In only 10
cases, before surgery, the inflammatory markers were
positive. The isolated microorganisms were resistant to
common antibiotics. In 70 out of 71 cases, plates and
screws on the upper side and fibula allogenic splints at
the bottom, associated with cancellous bone grafts tak-

372

en from the patients’ iliac crests, were implanted. In one
case, however, it was decided to implant the plate on the
front edge of the clavicle and the fibula allogeneic splint
on the posterior margin, also associated with a cancellous bone graft taken from the patient’s iliac crest. The
radiographic bone healing was observed in 107.8 (range
82-160) days for the aseptic nonunions, while in 118.4
(range 82-203) days for the septic ones. The non-healing
case was a serious failure that led to asubtotal excision
of the clavicle.
Conclusions. The importance of classification and study
of nonunions are essential to achieve positive outcomes. The guiding principle of our work is that aseptic
nonunions heal in the operating room, while infected
nonunions can be challenged and defeated on the operating table. Restoring the correct length of the clavicle
interconnection between the sternum and the shoulder
cingulum is indispensable to avoid functional deficits of
the upper limb. The fibula splint and the tricorticale bone
graft have both mechanical and strong biological values
to quickly heal the nonunion.The return to pre-injury
quality of life has to be our main goal.
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Introduction

The fracture of the clavicle is a common injury due to its subcutaneous and relatively anterior position. Fractures affecting the middle third account for the majority of all clavicular
fractures. Both non-operative and surgical methods have
been described for the management of this injury. However,
there is no unanimous consensus on the definite choice of
treatment (1). Early primary fixation of comminuted shaft
clavicular fractures results in improved patient-oriented outcomes, improved surgeon-oriented outcomes, earlier return
to function and decreased rates of nonunion and malunion
(2). Both plate fixation and intramedullary fixation are the
most commonly used surgical treatment options for mid-shaft
clavicle fractures; the latter method has shown better performance in some studies (3). The nonunion rate has been reported to be between 0.1 and 15%. There are also various
predisposing factors for the onset of these complications:
general factors linked to the patient (smoking, alcohol, diabetes, etc.) and the site of fracture (severe initial trauma,
marked initial displacement and shortening, soft tissue interposition, primary open reduction and internal fixation, refracture, open fracture, polytrauma, and inadequate initial immobilization) (4). In the recent literature, the direct correlation
between nonunions and infections is described (5). The aim
of this study is to review the etiology of atrophic clavicle
nonunions and to investigate the outcomes of a treatment
with a single stage revision.
Clinical Cases in Mineral and Bone Metabolism 2017; 14(3):372-378

CCMBM 1 2017-3bOK.qxp_- 20/12/17 14:44 Pagina 373

The challenge of nonunion after osteosynthesis of the clavicle: is it a biomechanical or infection problem?

on
al
i

io
ni
In
te
r

This is a retrospective study: 71 middle clavicle shaft
nonunions were treated.
The average age of the study population was 42.3 (range
16-82); the sex ratio was 1.84 in favor of males (Table 1). All
previous fractures were classified according to Robinson
Classification (6) (Table 1). All fractures were closed. Previous midshaft clavicle fractures were treated by: Conservative
in 13 patients; Plate Fixation in 12; Closed Reduction and K
Wire Fixation in 24; Open Reduction and K Wire Fixation in
22 (Table 1).
After the first 7 days, the reduction and osteosynthesis outcomes were: Bad in 29 (40.84%); Sufficient in 22 (30.99%);
Good 15 (21:13%); Excellent in 5 (7:04%) (Table1).
Oligotrophic nonunions in 22 (30.99%), and Atrophic or
Avascular nonunions were present in 49 cases (69.01%) according to the Weber-Cech classification (7) (Table 1).
Retrospectively, the Non-Union Scoring System (NUSS) (8)
was used to understand and study the type of nonunion. To
assess the NUSS, information from the medical case history
was used.
The comorbidity index was reported in Table 2. 33 (46.48%)
out of 71 patients had one comorbidity Table 2.
The average point of the Non-Union Scoring System was
63.8 (range 31-82).

The average time from the first to the second surgery was
1.8 (range 1-3) years (Table 1).
Preoperative values of inflammatory markers were taken on
all patients: erythrocyte sedimentation rate (ESR), C Reactive Protein (CRP) and White Blood Cell Count (WBC).
All patients were operated on in the beach chair position and
the classic approach to the clavicle by incising the previous
surgical scar, treated with ORIF. In 70 out of 71 cases,
plates and screws on the upper side and fibula allogenic
splints at the bottom, associated with cancellous bone grafts
taken from the patients’ iliac crests, were implanted. In one
case, however, it was decided to implant the plate on the
front edge of the clavicle and the fibula allogeneic splint on
the posterior margin, also associated with a cancellous bone
graft taken from the patient’s iliac crest.
All nonunion outbreaks were first removed and blooded and
then sent for anatomic pathology examination and the laboratory for microbiological culture.
All patients received illustrated exhaustive descriptions of the
type of treatment and asked to decide which treatment they
preferred. Patients were treated according to Helsinki Declaration of ethical standards and were asked to read and understand the patient information sheet and sign the informed
consent form.
All patients received the same physical therapy protocol: the
first 4 weeks, arm-support protection; from the fifth week,
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Materials and methods

Table 1 - Description of Clavicular shaft non unions.
Number of patients
Average age (years)
Range of age (years)
Gender (M:F)

71

42.3

16-82

46:25

Male/Female ratio

1.84
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Type of fracture according Robinson Classification (%)

C
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Orthopedic device used and type of reduction in the surgery for the
osteosynthesis of the first middle clavicular schaft fracture
osteOysnthesis
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Results of reduction and osteosynthesis

IIA2: 4 (5.63%)
IIB: 22 (30.99%)
IIB1: 25 (35.21%)
IIB2:20 (28.17%)

Conservative Treatment: 13 (18.31%)
Plate Fixation: 12 (16.90%)
Closed K Wire Fixation: 24 (33.80%)
Open K Wire Fixation: 22 (30.99%)
Bad: 29 (40.84%)
Sufficient: 22 (30.99%)
Good: 15 (21.13%)
Excellent: 5 (7.04%)

Type of Non Union according Weber-Cech classification
Oligotrophic: 22 (13.64%)
Atrophic or Avascular: 49 (86.36%)
Average Point of Non Union Scoring System

63.8

Range of of Non Union Scoring System

31-82

!
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106 (100%)

Cardiovascular disease

16 (15.09%)

Respiratory disease

13 (12.26%)

Renal disease

8 (7.55%)

Diabetes

10 (9.44%)

Miscellanea allergies

4 (3.77%)

Antibiotics drugs allergies

3 (2.83%)

Rheumatoid disease

2 (1.89%)

Intensive therapy

13 (12.26%)

Gastroenterla diseases

2 (1.89%)

Transplant

2 (1.89%)

HIV

1 (0.94%)

Current smokers

30 (28.30)

Enteral steroids
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Comorbidity

2 (1,89%)

No of patients with comorbidities:
0

12 (16.90%)

1

33 (46.48%)

2

15 (21.13%)

≥3

11 (15.49%)
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Codman pendulum; from the eighth week, active and passive
exercises against gravity; from the tenth week, active and
passive exercises against progressive resistance.
The chosen criteria to evaluate these 71 patients during clinical and radiological follow-ups were the quality of life measured by The Short Form (12) Health Survey (SF-12) (9), the
clavicle function measured by the Constant Shoulder Score
(CSS) (10), while general health status, pain, and cosmetic
outcomes related to was measured by the Disability Disabilities of the Arm, Shoulder and Score (DASH) (10), bone healing measured by the modified Radiographic Union Score
(RUS) (11) by only XR projections, and postoperative complications. Follow-ups were performed with clinical and radiographic controls at 15 days, 1 month, 3 months, 6 months,
and 12 months and annually thereafter.
The evaluation endpoint was at 12 months.
Exclusion criteria included refractures caused by hematological or oncological pathologies, trauma, open fracture, and
patients who did not adhere to a minimum follow-up of 12
months.
Results

Patients who during the visit received a nonunion diagnosis
reported as predominant symptoms: pain in 34 cases; functional limitation in 7 cases; redness of the skin in 18 cases;
in 12 cases feeling of mobilization of the means of synthesis.
The other 37 cases were occasionally found during X-rays.
From ESR, CPR and WBC blood tests, 10 patients had val-
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No Patients (%)

ues of the inflammatory markers of a possible infection.
Blood culture results were the following: 3 patients were positive to Staphylococcus epidermidis (only sensitive to fluoroquinolones), 2 cases to E. coli sp. (Sensitive to carbapenem), 4 cases to Staphylococcus aureus (methicillin resistant,
sensitive to teiclopanin), while 1 case was not positive. All
patients received the most appropriate antibiotic treatment
for the specific bacteria, while the patient who didn’t test
positive was treated, instead, with a broad-spectrum therapy
and the results of intra operating samples were negative to
infection. Of these patients (7 males and 3 females), 6 were
treated her with a plate, 2 with Open Reduction and K Wire
and 2 with Closed Reduction and K Wire.
Excluding the patients treated conservatively, 12 additional
cases of infection were found from samples taken during the
second operation. 7 identified between the muscle fascia
and the bone without signs of bone involvement and 5 were
in open infected nonunions.
The 7 patients: 5 were Propionibacterium positive acnes
(clindamycin-resistant and trimethoprim-sensitive), while 2
patients were Staphylococcus aureus positive (methicillin-resistant, vancomycin-sensitive).
The other 5 patients were positive in 1 case the Propionibacterium acnes (resistant to clindamycin and sensitive to
trimethoprim), 2 cases of E. Coli (sensitive to Fluoroquinolones) and 1 case of Candida lusitaniae (sensitive to
Itraconazole) in diabetic patients and 1 Staphylococcus epidermidis (only sensitive to Fluoroquinolones). Of the 12 infected patients (6 males and 6 females), 5 had been treated
with a plates and screws, 4 with Open Reduction and K Wire
and 2 with Closed Reduction and K Wire.
The 22 infected patients were classified according to the
Cierny-Mader Classification (12), from which emerged that
10 cases belonged to the Class A and 12 to Class B. At this
stage, 8 patients to Class I; 12 patients to Class II; 2 Patients with class III.
All infected patients had first received an empiric therapy
with broad-spectrum antibiotics and then a specific therapy,
once the microbiological examination was received. All patients after the removal of the focus of the infected nonunion
and release and surgical debridement of soft tissue, the
plate and screws were implanted at the top and the allogeneic fibula splint at the bottom, associated with an autologous
cancellous iliac crest bone graft.
The remaining 49 cases of nonunion were due to mechanical
failure of the means of synthesis (Figures 1, 2). In these 49
cases one aneurysm of the subclavian artery was found. In
this case, an anterior plate and the posterior grafting of the
fibula were implanted.
All patients were asked if in the first three months after
surgery had had infection complications in other organs or
dental procedures. The results were: the dental procedures
were the most common 25 (30.49%) of 82 complications; to
follow: 19 urinary infections (23:17%) and in third place, 18
gastrointestinal infection (21.95%). There were no cases of
infection of the surgical wound. For the complete index
(Table 3).
In short, 63.38% of the patients, 45 of 71, had had a complication within the first 3 months from the initial treatment of
the clavicle.
In the aseptic nonunion group, the XR bone healing occurred
in about 107.8 (range 82-160) days after surgery.
In the infected nonunion group, the XR bone healing occurred in about 118.4 (range 82-203) days after surgery.
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Table 2 - Comorbidity in 71 patients.
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Complication

82 (100%)

Chest infection

3 (3.66%)

Skin infection

2 (2.44%)

Upper airways infection

15 (18.29%)

Urinary tract infection

19 (23.17%)

Gastrointestinal infection

18 (21.95%)

Wound infection

0 (0%)

Dentestry surgery

25 (30.49%)

No of patients with complications:
0

13 (18.31%)

1

45 (63.38%)

2

9 (12.68%)

≥3

Discussion

The diagnosis of atrophic, oligotrophic or infected nonunion
may be occasional (13). In over half of our cases, in fact,
there was an incidental finding.
Already in 1983, Wilkins and Johnston (13) said that a
nonunion may be asymptomatic especially in its typology. In
their study, only 3 of 11 patients who had atrophic nonunions
were symptomatic enough to require surgery, in comparison
with 16 of 22 patients who had hypertrophic nonunions. They
noticed that the absence of callous in an atrophic nonunion
can diminish the grating and crepitation that may be responsible for pain at the site of the nonunion. They suggested
that patients with atrophic nonunions be followed for at least
6 months before scheduling surgery, since they believe that
many patients will become asymptomatic during that time
period (13).
In 2013, Sirvent-Díaz et al. (14) reported about 40 patients,
mean age 35 years (18-64) with a non-surgically treated
clavicle fracture with a minimum follow-up of 15 years (the
mean follow-up was more than 22 years and range 15-32).
They performed the clinical evaluation with the Disability of
DASH, CSS and their conclusions were: the presence of
comminution and/or the shortening of 15 mm or more had
the worst functional and radiographic results. Despite this,
non-surgical treatment showed excellent functional and radiographic results, and a high personal satisfaction.
Most likely the aesthetic problem is interconnected with the
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No Patients (%)

fected nonunion, the patients lived in a state of deep anguish, because they felt that the infection could have led to
death within a short time.
The pain was the most disabling component in CSS and
DASH.
From the Functional point of view there was a marked hypo-validity of the affected limb found in both CSS and DASH in patients who had a shortening of the clavicle more than 15 mm.
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Table 3 - Postoperative complications during the first 3 months
after the surgery.
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The Rus Score were the first year of follow-up (Figures 1, 2).
Only one patient (IIIA Cierny-Mader) had a complication, a
massive re-infection by Staphylococcus epidermidis, which
forced the removal of the means of synthesis and the clavicle except the stump of the 3 lateral which was later merged
with the acromion.
The quality of life measured by SF12 has shown that aseptic
or septic nonunions do not create big problems in the quality
of life. However, the subcategories which produced the worst
scores were mainly psychological, since the female patients
saw the nonunion as an aesthetic damage. In cases of in-

Figure 1 - A 41-year-old woman, 19 years before the fall from the horse, in which she suffered the fracture of the left clavicle, treated with Open reduction and K wire. Wire removal after three months; then abandoned (asymptomatic). After 19 years (A), onset of paresthesia on left upper limb. B,
C report the blooding of the aseptic nonunion outbreak. D, E report the synthesis with the upper plate and the lower fibular allograft without iliac crest
autogenous bone grafting. F and G (taken from above) highlight the from the iliac crest autogenous grafting. The X-rays (H, I) at 6 months after surgery
showed integration of the fibula and bone consolidation. The X-rays (L, M) at 1 year from the removal of the means of synthesis, 18 months after surgery,
show the perfect integration of bone grafts.

Clinical Cases in Mineral and Bone Metabolism 2017; 14(3):372-378
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Figure 2 - Young sports woman, after a casual fall suffered the fracture of the right clavicle treated with Closed Reduction and K wire (A). K-wire removed after 6 months, showing outbreak of aseptic nonunion (B): osteosynthesis technique using plate and screws and cortical fibular allograft opposed inferiorly, and tricortical iliac crest autogenous grafting (C). X-rays (D, E) post operatively: functional recovery at 3 months after surgery (F-L).
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mobilization of the means of synthesis, the psychological
state of the patients and to the sensation of pain.
In 1995, Olsen et al. (15) just showed that atrophic
nonunions do not become asymptomatic. Disability may result from pain at the site of nonunion, altered shoulder mechanics (either in response to pain or due to malposition of
the fracture fragments), “ptosis” of the shoulder, or a compression lesion involving the underlying brachial plexus or
vascular structures.
Liu et al. (16) reported in their meta-analysis the comparison
of the CS and DASH scores between operative and non-operative treatment for clavicle fracture. Five studies (17-21)
reported the CS scores after the treatment of clavicle fracture and the results showed that the CS scores of the operational group were higher than those of the non-operative
group. Four studies (18-21) reported the DASH scores and
those of the operational group were shown to be lower than
those of the non-operative group.
The same Authors also assert that the operative treatment
could significantly reduce the nonunion rate (16).
Two recent papers (22, 23) reveal that the reduction of the
length of the clavicle may reduce shoulder function measured with the DASH and CSS.
According to this meta-analysis (24), the risk of septic
nonunion is high if internal fixation is used; the same is for
deep infection.
This may help us understand why there were 22 infections
and many of them had an advanced stadiation according to
Cierny Mader.
The latest work by Gausden et al. (5) showed us how the
nonunions of the clavicle are very often related to a latent infection and to saprophytic microorganisms of the surgical
site (25). Also from the data collected by us we saw that
many patients in the preoperative had a high number of comorbidities and postoperatively had dental treatment or infections of other systems that may have been the source of
contamination (26-28).
Therefore it is useful, before proceeding to a surgery for a
nonunion, to do a careful history and physical examination to
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discern what type of symptoms and disability, if any, the patient is experiencing.
Unfortunately, as we know from prosthetic surgery, ESR, CRP,
and WBC are not very valid to find all true positives (29).
The cultural examination of the anatomical nonunion pieces
removed and the surrounding tissues may give us many
more true positives (5). Empirical antibiotic therapy with
broad spectrum must always be started before surgery even
when there is no clear sign of infection; it can modified or
continued once the laboratory results are available (30).
Surgical treatment of infected, aseptic or oligotrophic
nonunions of the clavicle should be the same, since we cannot afford to create bone gaps and shortening of the clavicle,
therefore compromising the upper limb function (22, 23).
The clavicles are long bones, so in nonunions it may be used
the metal plate against the splint bone technique (31).
The surgical technique must be precise and accurate, starting from the surgical access to expose the superior and anteroinferiorsite of the clavicle. Remove previous implants
with minimal dissection and in atrophic or septic nonunions,
remove and send the tissue for culture examination. Use drill
to open the medullary canal.
Prepare on the table the cortical fibular allograft of a length
shorter than 1/3 of the plate used. The 1/3 tubular plate or an
anatomical plate for clavicle may be used (32). The plate
should be placed on the upper surface of the clavicle and the
contrasting allograft should be placed internally to optimize
the biomechanical stability of the construct (33). The plate
anteriorly, then posteriorly, the contrasting fibula should be
placed only in re-operations to decrease the risk of vascular
lesions (34), as it was done for the patient with aneurysm of
the subclavian artery.
Finally, the construct must be completely coated with the
reinsertion of the muscles.
Schnetzke et al. (35) have shown that an additional clavicle
bone graft accelerates healing of non-unions and improves
long-term results after 8.9 years of follow-up. Furthermore,
the autologous bone grafting was performed to provide the
length of the segment.
Clinical Cases in Mineral and Bone Metabolism 2017; 14(3):372-378
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Once the pathogen is isolated, a specific therapy should be
prescribed for a long time. Unfortunately cases of reinfection
exist and can be so tragic that only life-saving surgery can
be done.
From the data reported in our study, we can say that the
treatment of aseptic or infected nonunion based on our
method is reliability, feasibility and value. The importance of
the classification and the study of the nonunion is critical to
obtain good outcomes.
Infections can be challenged and defeated on the operating
table.
Restoring the correct length of the interconnection between
the sternum and the scapular cingulum is indispensable to
avoid functional deficits to the upper limb. The fibular bone
graft strut and the tri-cancellous bone graft from the iliac
crest not only have a mechanical value, but also a strong biological value to quickly heal the nonunion. The return to pre
fracture quality of life of the patients should be our goal.
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