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Objective: This study describes clinical and radiological outcomes following treatment of displaced primary fractures, refractures,
delayed unions and non-unions of the clavicle with open reduction and internal fixation (ORIF) with a plate plus filling of the residual
bone defect and/or implant augmentation with a gentamicin-loaded bone graft substitute (CERAMENT G, BONESUPPORT).
Patients and Methods: Patients who underwent surgical treatment either for displaced clavicle fractures, refractures, delayed unions
or non-unions between June 2018 and May 2021 were enrolled in this retrospective study. Bony consolidation, complication rate, and
functional outcomes, including overall health, were assessed.
Results: A total of 26 clavicles in 25 patients with a mean age of 50.7 (16–85) years, 16 male and 9 female, were enrolled in the study.
The mean follow-up was 14.9 (6–31) months. There were 18 cases of displaced clavicle fractures, four refractures, two delayed unions
and two non-unions. The majority of the clavicle lesions were located at the middle third (17/26, 65.4%), seven at the lateral third
(26.9%) and two at the medial third (7.7%) of the clavicle. A mean Goldberg score of 7 indicated complete bony union and remodeling
of the bone graft substitute in all cases. No complications occurred. The mean University of California at Los Angeles Shoulder Score
and the mean Quick Disability of the Arm, Shoulder and Hand Score were 34.6±0.8 (32–35) points and 0.6±1.6 (0–5.4) points,
respectively, and revealed excellent functional results. The mean 12-item Short-Form Survey physical component questionnaire was
57.7±1.7 (54.1–58.9) points, and no patient experienced any pain at the last follow-up.
Conclusion: Our initial experience suggests that ORIF using a plate plus bone defect filling and/or implant augmentation with
a gentamicin-eluting bone graft substitute may be useful not only for complication management after clavicle fractures but also in the
initial treatment of challenging clavicular fractures.
Keywords: clavicle, trauma, non-union, defect augmentation, bone graft substitute

Introduction
The clavicle is the only bony connection between the trunk and the upper extremity.1 Between 2% and 5% of the
fractures in adults affect the S-shaped curved bone, which is manifested by incidences between 29 and 64 per 100.000
people per year.2–4 The first widely accepted anatomic classification system by Allman divides the clavicle into a middle,
lateral and medial third. Fractures distal to the coracoclavicular (CC) ligament are attributed to the lateral third (type 2),
fractures of the proximal end to the medial third (type 3) and fractures that occur in the area between to the middle third
(type 1).5 There are more detailed sub-divisions for the various fracture types, eg, by Neer for types 2 and 3 and
Jäger&Breitner for type 2 fractures.6,7

About 70% to 80% of the fractures occur in the region of the middle diaphyseal third, of which 19% are comminuted
fractures.8,9 Open fractures are rare at the middle third.9 About one out of four of the clavicle fractures occurs at the distal
end, whilst medial fractures account for only a low single-digit percentage (2–5%) of all clavicle fractures.3,8–10 Minor or
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non-displaced fractures, which occur mainly at the medial or distal end of the clavicle, are often treated non-operatively
with good functional results.3,9 Displaced fractures, on the other hand, occur more frequently at the clavicle shaft and are
more often treated surgically.3,8,9 Widely accepted indications for surgical treatment of clavicle fractures are significant
fracture displacement or neurovascular compromise; and for lateral and medial fractures instability of bone fragments,
for example, due to impairment of the CC or acromioclavicular (AC) ligaments.3 The surgical procedure for clavicle
fractures includes plate fixation after open reduction, but also intramedullary pins, wires or nails, which allow a minimal-
invasive approach. However, the optimal procedure remains controversial.11

Complications, mainly non-unions or malunions, occur both after surgical and conservative management of
clavicle fractures.12 Surgical intervention on the clavicle shaft used to be associated with complications, particularly
high rates of non-union have been described, but more recent literature also refers to certain risk factors predicting
non-unions after non-operative treatment.12 The degree of fracture displacement is the single most important risk
factor for the development of a non-union after conservative treatment, further risk factors include shaft shortening
of more than 2cm.12 Following open reduction and internal fixation (ORIF) of the clavicle midshaft, both non-union
rates and deep infection rates are reported with 2.6%, whereas the overall non-union rate following non-operative
treatment is 5.9%, and up to 15.1% in case of completely displaced fractures.11,13 For conservatively managed
unstable lateral clavicle fractures the risk of non-union is particularly high with 33.3%, compared to 1.6% following
surgical treatment.14 Other complications such as infection occur significantly more often after surgical treatment.14

Conservative treatment is also very common at the medial third of the clavicle, associated with non-union rates
between 4% and 8%.3 Due to the very small incidence of medial clavicle fractures, there are only limited and very
small case series for surgical procedures.3,15

Refractures after non-surgical treatment are mostly associated with secondary trauma or premature return to contact
sports and are at high risk to develop non-union.12 They can also occur after (early) implant removal; but are uncommon
if implants are removed later than 12 months from bony consolidation.12 The treatment of delayed unions and non-unions
can be complicated by infection, and by significant bone loss or bone defects following pseudarthrosis resection and
debridement.16,17

Surgical treatment was performed in fractures with a displacement of more than 20mm, an initial shortening of more
than 15mm, displaced unstable medial fractures with or without involvement of the sternoclavicular (SC) joint, displaced or
unstable lateral fractures with or without involvement of the AC joint, fractures accompanied by injuries to the subclavian
artery/vein, fractures with soft tissue compromise, and pathological fractures. We also addressed symptomatic delayed
unions or non-unions with ORIF using locking plates and screws. Our novel approach using an antibiotic-eluting bone graft
substitute in addition to a plate fixation in fractures, refractures, delayed and non-unions to fill the defects and/or augment
the implants can contribute to the prevention of both non-unions and infections.

The aim of this retrospective study was to systematically evaluate the clinical and radiological outcomes following
treatment of displaced primary clavicular fractures, refractures, delayed unions and non-unions with ORIF using a plate,
and additional bone defect and/or implant augmentation with a gentamicin-eluting bone graft substitute.

Materials and Methods
Patients
Patients who were surgically treated at our level 2 trauma center according to a standardized protocol either for more than
20mm displaced primary fractures, refractures, delayed unions or non-unions of the clavicle between June 2018 and
May 2021 were considered for this retrospective study. Patients younger than 18 years at the time of informed consent or
with a minimum clinical follow-up shorter than 6 months at our clinic were excluded from the study. Delayed unions
were defined as the radiological lack of bridging callus at the fracture site between three and six months from surgical or
conservative treatment, and non-union as the lack of periosteal and endosteal ossification at the fracture site at least six
months from surgery or conservative treatment.18
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Surgical Techniques
Preoperatively, surgical landmarks were identified on radiographs. The clavicle was accessed via an approximately 7cm
large intraclavicular incision and dissection of the skin-soft tissue envelope cranially for visualization of the fracture or
delayed union/non-union.

Clavicle fractures were treated by ORIF, and filling of the residual bone defect and/or implant augmentation with
a gentamicin-loaded bone graft substitute (CERAMENT G, BONESUPPORT AB, Lund, Sweden). CERAMENT
G consists of 40 weight percent (wt%) hydroxyapatite and 60wt% calcium sulphate and is delivered pre-formulated
with gentamicin sulphate so that 1mL of the injectable paste contains 17.5mg gentamicin sulphate. The hydroxyapatite is
highly osteoconductive and promotes bone ingrowth as the material resorbs over time. The gentamicin component
prevents the colonization by gentamicin-sensitive microorganisms, as it provides a very high local gentamicin concen-
tration, which stays above the minimal inhibitory concentration (MIC) for most gentamicin-sensible microorganisms for
at least 28 days.19,20

Following cleaning and irrigation of the fracture gap, fracture reduction was performed. Fracture reduction was
maintained with appropriate fixation forceps. A locking clavicle plate (regularly Winsta-C, Axomed GmbH, Freiburg,
Germany), in individual cases LCP superior or superior anterior clavicle plate (DePuy Synthes, West Chester, PA, USA)
was fitted and fixed with a minimum of three bicortical screws, which were placed laterally and medially to the fracture.
The bone defect, cannulated screws and implant bed were augmented with 5mL CERAMENT G (Figure 1). The
gentamicin-loaded hydroxyapatite/calcium sulphate was injected about 5 minutes after the start of mixing, when the
paste became more viscous.

An additional pseudarthrosis resection was performed and the bone ends were debrided in case of delayed unions or
non-unions, followed by fitting of a locking clavicle plate. The resulting bone defect was augmented with 5mL
CERAMENT G.

Layered, tension-free wound closure was performed using staple suture technique in all cases, after the bone graft
substitute had set at 10 minutes from the start of mixing. Two surgeons performed surgery, one of whom was present at
all the surgeries.

Surgical and Post-Operative Management
Surgery was performed under general anesthesia and in beach chair position with the upper body elevated by 30 degrees.
Following surgical padding, the surgical field was washed and covered with sterile material in a standardized manner.
Thirty to 60 minutes preoperatively a single dose of 2g Cefazolin was intravenously administered for peri-operative
systemic antibiotic prophylaxis. If microbiological examination was planned, systemic antibiotic administration was
delayed until multiple deep samples were taken. Surgical results were documented with X-rays in three planes.
Postoperatively, local infiltration analgesia was used, and a sterile wound dressing was applied, as well as elastic
wrapping and a fixed shoulder bandage of the affected extremity. The post-operative procedure was also standardized

Figure 1 Defect and plate augmented with injectable bone graft substitute.
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with dressing change on the 2nd postoperative day, and subsequent radiographic documentation of the clavicle in 2
planes. Inpatient stay was on average 5 days. Abduction was limited to 90 degrees for six weeks. Fixed shoulder bandage
was applied for a maximum of 10 days postoperatively or until wound consolidation. Intensive physiotherapy, and if
necessary lymphatic drainage was prescribed. Load bearing of the upper extremity was not allowed for six weeks.
Standardized X-ray examination was performed at 2 and 6 weeks on an outpatient basis. Implant removal was generally
recommended and was planned at the earliest for 18 months following surgery.

Data Collection and Outcome Parameters
Patient demographics, comorbidities, medication, aetiology and type of the clavicle lesion, information on surgery
including information on implants used, as well as information on adverse events or complications were retrospectively
collected from patient files. The University of California at Los Angeles Shoulder Score (UCLA shoulder score, USS),
the quick form of the Disability of the Arm, Shoulder and Hand score (QuickDASH score, QDS) and the 12-item Short-
Form Survey (SF-12) physical component questionnaire were obtained for patient-reported outcome measures, the latter
and the USS using web-based scoring tools available from www.orthotoolkit.com/sf-12/ or https://orthotoolkit.com/
UCLA-shoulder/, respectively.21–23 Pain levels were obtained using the visual analogue scale (VAS, range from 0 to 10, 0
indicates no pain, 10 indicates worst pain). Radiographs were retrospectively assessed with regard to proximal and distal
bony union, and radiographic appearance of the bone graft substitute. The Goldberg radiographic scoring system, which
was developed for the assessment of bone grafting, was used for this purpose.24 The Goldberg radiographic scoring
considers the appearance of the graft (resorbed=0 points, mostly resorbed=1 point, largely intact=2 points, reorganiz-
ing=3 points) and the distal and proximal bony union separately (non-union=0 points, possible union=1 point, radio-
graphic union=2 points); and the individual scores for the various parameters are summed up. Consequently, in the case
of a reorganizing bone graft, and both distal and proximal radiological union, a maximum score of 7 points can be
achieved.25 If the bone defects were too small for a separate evaluation of proximal and distal union situation, the union
was evaluated for the defect as a whole, and the value obtained was multiplied by two.

Primary outcome measure was the bony consolidation rate of the clavicle lesions using the Goldberg score. Secondary
outcome measures were the complication rate of our treatment, with special focus on revision surgeries, wound healing
problems, post-operative white wound drainage associated with the degradation of the calcium sulphate component of the
CERAMENT, infection including microbiological examination, delayed union or non-union, implant failure or refracture.
Further secondary outcome parameters were the shoulder joint function, and the overall health quality at the time of the
last follow-up. The functional assessments were carried out by a single surgeon. The radiological assessment was also
carried out by a single surgeon, and randomly checked by another surgeon.

Results
We have treated 38 clavicles with the described surgical techniques during the reviewed time period. After applying the
inclusion and exclusion criteria and obtaining informed patient consent, a total of 26 clavicles in 25 patients, 16 male and
9 female, were enrolled in the study. The patient cohort was middle aged with a mean age of 50.7 (16–85) years at the
time of surgery, and had few comorbidities. Three patients had nicotine abuse as a risk factor. A total of 18 clavicles were
treated for a displaced clavicle fracture. One patient was treated for bilaterally fractured clavicles. Four cases were
refractures (15.4%) and two cases each were delayed unions (7.7%) and non-unions (7.7%), respectively. The delayed
unions occurred after a non-surgical treatment attempt. One of the non-unions had already undergone multiple surgeries
and the other developed after conservative treatment. Three of the refractures occurred after surgical treatment and new
trauma. The majority of 17/26 (65.4%) clavicle lesions were located at the middle third, seven at the lateral third (26.9%)
and two at the medial third (7.7%) of the clavicle. The four refractures, two delayed unions and the two non-unions,
which were considered for our case series all occurred after shaft fractures. Hence, nine of the primary fractures were
Allman type 1 fractures (50%), seven of type 2 (38.9%), and two at the medial third (11.1%) (Table 1). Three of the
seven lateral fractures (42.8%) were of type IIa according to the Jäger&Breitner classification, and two of type IIb
(28.6%), respectively; the two remaining lateral fractures were each classified as type I (14.3%) and III (14.3%). The
mean follow-up was 14.9 months (6–31 months). With the exception of one LCP superior anterior plate used, all plates
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were placed superiorly. In 5/26 (19.2%) cases microbiological examinations were performed. Microbiology revealed
infection with Cutibacterium acnes (sensitive to gentamicin) in one refracture. In three refractures, and a primary fracture
microbiology was negative.

Bony union was assessed to be complete in all cases, and the defects into which the bone graft substitute was placed
were completely remodeled into bone, resulting in the maximum Goldberg score of seven throughout all cases. Five
cases (19.2%) had implant removal between 17.5 and 31 months (mean 20.7 months) from surgery and at least 12 months
from complete radiographic consolidation. No complications occurred after the surgeries, neither wound healing
disorders nor infections. No cases of delayed bone healing or other complications occurred. Consequently, no revision

Table 1 Demographics and Baseline Characteristics

Variables Values

Age (mean, range) 50.1 (16–79)

Sex (n, %)

Male 16 (64%)
Female 9 (36%)

Male:Female ratio 1.8

Diagnosis (n, %)

Displaced primary fracture 18 (69.2%)
Refracture 4 (15.4%)

Delayed Union 2 (7.7%)

Non-union 2 (7.7%)

Location (n, %)

Right 13 (50%)
Left 13 (50%)

Left:Right ratio 1

Shaft/Diaphyseal third 17 (65.4%)
Lateral third 7 (26.9%)

Medial third 2 (7.7%)

Primary Fracture classification (n, %)

Allman type 1 9 (50.0%)

Allman type 2 7 (38.9%
Allman type 3 2 (11.1%)

Plate Fixation
Superior (n, %) 25 (96.2%)

Anterior-superior (n, %) 1 (3.8%)

Relevant comorbidities (n, %)

Yes 6 (24%)

No 19 (76%)
Diabetes type 2 (NID) 1

Diabetes type 2 (ID) 1

Osteoporosis 1
Suspected plasmocytoma 1

Prostate carcinoma 1

Prostate adenoma 1
Epilepsy 1*

Adrenal adenoma (left) 1*

Obesity 1

Note: *Patient with bilaterally fractured clavicles.
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surgeries became necessary, except for the patient-desired isolated implant removals. In particular, no case of white
wound drainage occurred, which is associated with the degradation of the calcium sulphate component of the
CERAMENT. With regard to shoulder functionality, the patients had at the time of the last follow-up a mean USS of
34.6±0.8 (32–35) points. The corresponding mean QDS score at that time was 0.6±1.6 (0–5.4) points. Four cases had
slightly reduced range of motion. In three cases, both abduction and anteversion were reduced by 10°, and in one case
abduction was reduced by 20° and both anteversion and retroversion was reduced by 10°. More detailed information is
provided in Table 2. The following Figures 2–4 show the radiographic course of a primary fracture, refracture and
delayed union.

Discussion
Our study has the distinct feature that both primary fractures and their frequent complications, ie, delayed unions, non-
unions and refractures were included, since we follow a similar surgical protocol for these cases. In the case of delayed
unions and non-unions, pseudarthrosis resection and surgical debridement were performed. Apart from that, our surgical
procedure does not differ for the various indications. We additionally fill the defects and/or augment the implants with
a gentamicin-eluting bone graft substitute in the surgical treatment of clavicle fractures to prevent both non-unions and
infections. The resorbable gentamicin-eluting bone graft substitute used is established in both the preventive use for acute

Table 2 Radiographic, Clinical and Functional Outcomes

Variables Values

Follow-up [months] (mean±SD, range) 14.9±8.7 (6–31)

6–12 months (n, %) 13 (50%)

13–18 months (n, %) 7 (26.9%)
>18 months (n, %) 6 (23.1%)

Bony Union
Goldberg Score (mean±SD) 7±0

Complications/Adverse Events
Yes (n, %) 0 (0%)

No (n, %) 26 (100%)

UCLA Shoulder Score (mean±SD, range) 34.6±0.8 (32–35)

35 points (n, %) 19 (73.1%)

32–34 points (n, %) 7 (26.9%)

QuickDASH Score (mean±SD, range) 0.6±1.6 (0–5.4)

0 points (n, %) 22 (84.6%)
1–6 points 4 (15.4%)

Range of Motion (neutral-zero-method)
No limitations

Abduction/Adduction 180-0-20 (−40) (n, %) 22 (84.6%)

Anteversion/Retroversion 150 (−170)-0-40 (n, %) 22 (84.6%)
Range of Motion limitations

Overall cases 4 (15.4%)

Abduction reduction of ≤10° (n, %) 3 (11.5%)
Abduction reduction of 11°-≤20° (n, %) 1 (3.8%)

Anteversion reduction of ≤10° (-≤ 30°) (n, %) 4 (15.4%)

Retroversion reduction of ≤10° (n, %) 1 (3.8%)

SF-12 physical component score, (mean±SD, range) 57.7±1.7 (54.1–58.9)

Pain, VAS (mean±SD) 0±0
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Figure 4 Delayed union after non-surgical treatment of an Allman type 1 fracture; (A) axial radiograph of a little displaced shaft fracture; (B) axial radiograph at 2 months
revealing delayed union; (C) anterior-posterior (AP) radiograph confirming delayed union; (D) axial radiograph following surgical intervention with resection of the delayed
union and debridement, ORIF and filling of the residual bone defect with CERAMENT G; (E) axial radiograph and (F)AP radiograph at 12 months showing excellent bony
union.

Figure 3 Refracture; (A) axial radiograph following initial surgical treatment of an Allman type 1 fracture without defect augmentation; (B) axial radiograph following
implant removal; (C) axial radiograph of the refracture following implant removal; (D) post-operative axial radiograph after ORIF and defect/implant augmentation, (E) axial
radiograph at 12 months revealing excellent radiographic union; and (F) axial radiograph upon implant removal at 18 months.

Figure 2 Displaced Allman type 1 fracture with free fragment; (A) preoperative axial radiograph; (B) postoperative axial radiograph after ORIF with a plate and screws and
augmentation of both the bone defect and the plate with gentamicin-loaded bone graft substitute; (C) axial radiograph at 6 months showing bony consolidation; (D and E)
coronal computed tomography (CT) scan at six months, various layers; and (F) transversal CT scan at 6 months confirming excellent bony consolidation.
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fractures and the treatment of bone defects due to bone infections or (infected) non-unions.26–28 It allows for an
extremely high local gentamicin concentration and is shown to remodel into bone.19,20

In our case series, we did not observe any notable differences regarding bone healing or complications for the various
indications. Bony consolidation was complete in all cases at the time of the last follow-up, and the bone graft substitute
had completely remodeled into bone. This was indicated by the maximum Goldberg score of 7 throughout all cases. No
complications, such as wound healing problems, infection, delayed union or non-union, implant failure or refracture
occurred. None of the patients had pain (VAS=0 throughout all cases) at the time of the last follow-up that would have
required removal of the implant. No revision surgeries were necessary. Five patients (19.2%) had recommended implant
removal more than 18 months from surgery. Furthermore, no post-operative white wound drainage was observed, which
is a known common phenomenon associated with the degradation of the calcium sulphate component of the
CERAMENT, usually resolving without complication. White drainage is often connected to a thin soft tissue envelope,
especially at the tibia shaft.27,29 Concerning the thin soft tissue coverage at the clavicle, the absence of drainage was
encouraging. Functionality impairment was limited to minor joint range of motion reductions of 10° in both abduction
and anteversion in three cases, and of 20° in abduction, 10° anteversion and 10° retroversion in one case, when compared
to literature values.30 The latter was manifested in a case that was treated for a shaft non-union, the other three cases
following treatment of displaced and unstable lateral clavicle fractures.

The mean QDS was 0.6 points in our study, and the mean USS 34.6 points, which indicated excellent results. The scale
scores for the QDS range between 0 (no disability) and 100 (most severe disability) points, the scores for the USS range
between 0 and 35 points, with more than 27 points indicating good/excellent results.31,32 The mean value of the SF-12
physical score in our study was 57.7 points, which was notably higher than the average value of a 50-year-old normative
sample in Germany.33

Defects following primary fractures at the clavicle are normally small. Osseous consolidation can often be seen within
six months from surgery in case of a complication-free course.34–36 On the other hand, there are significant complication
rates reported for both non-surgical and surgical treatment of clavicle fractures. Leroux et al published a population-
based study from Canada in which 24.6% of the patients had at least one reoperation within 2 years from ORIF in
midshaft fractures. The most common reason was isolated plate removal, which caused reoperation in 18.6% of the
patients, followed by deep infection, non-union, and malunion, which applied for 2.6%, 2.6%, and 1.1%.13 Following
conservative treatment, non-unions are the most common complication. In addition to the location and type of fracture,
the surgical outcomes depend largely on the surgical technique. Complications associated with plate fixation of clavicle
fractures include both implant failure or prominence, (deep) infections, non-unions and refracture.37 Wijdicks et al
reviewed the literature for complications upon plate fixation of clavicle fractures and found non-union rates and malunion
rates below 10% in 10/11 studies, and both wound and deep infection rates below 10% in 9/11 studies, with wound
infections being reported in the majority of cases.38 Rollo et al retrospectively analyzed 71 non-union cases, in which the
primary fractures were treated conservatively in 13 cases; with ORIF and plate fixation in 12 cases; with closed reduction
and K-wire fixation in 24 cases; and ORIF with K-wire in 22 cases. The authors identified 22 infected non-unions, which
all occurred in patients, which had been treated surgically; and identified both the infection and biomechanics as reason
for the initial treatment failure.16 Refractures are uncommon if implants are removed later than 12 months after bony
consolidation.12 They have a significantly elevated risk to develop non-union compared to primary fractures.12,39

While there are several reports on treatment of clavicular non-unions with autograft or allograft, we could not identify
any specific studies with bone graft substitutes. Martetschläger et al reviewed the literature on treatment of clavicular
non-unions and identified studies reporting favorable outcomes for non-union treatment with bone grafting, but also
studies reporting good results if the defect was left empty.39 They recommended bone grafting in case of bone loss or
bone defects resulting from resection of atrophic non-union. Schnetzke et al retrospectively analyzed both their results
with and without bone grafting. The radiological and functional outcomes of 58 patients who were treated for non-union
or delayed union by plate fixation were evaluated. Following removal of the bone sclerosis the defect was either filled
with autologous bone graft or left empty. The authors found that bone grafting significantly accelerated bone healing and
led to significantly enhanced bony consolidation and reduced pain according to the VAS. Additionally, the risk of
revision surgery was significantly reduced, Constant Score revealed significantly and DASH score considerably better
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functional outcomes in the bone graft group. Health status was assessed with the Short-Form 36 (SF-36) score and was
good in both groups, with significant better results for the bone graft group for the physical functioning scale. The authors
concluded that treatment of clavicular non-unions should generally preferably be supported by bone grafting.40

Our study had several limitations, including its retrospective and non-controlled design, the overall small sample size;
and especially the small samples sizes for refractures, delayed unions, and non-unions, which did not allow for separate
subgroup analyses.

Conclusion
The literature reports relevant complication rates not only in the treatment of delayed unions, non-unions, and refractures,
but also after conservative and surgical treatment of specific fractures such as significantly displaced fractures, fractures
with significant shaft shortening, and displaced and unstable Neer type II fractures. Our initial experience suggests that
plate ORIF with bone defect and/or implant augmentation with a gentamicin-eluting bone graft substitute (CERAMENT
G, BONESUPPORT) may be useful not only for complication management after clavicle fractures but also in the initial
treatment of challenging primary clavicular fractures, in order to reduce the risk of complications at this stage.

Data Sharing Statement
The datasets generated and analyzed during the current study are available from the corresponding author on reasonable
request.

Ethics Approval and Consent to Participate
The study was conducted in accordance with the Declaration of Helsinki and approved by the ethics committee of the
medical association of Lower Saxony. All patients gave written informed consent before their enrollment in the study.
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