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Aims

The management of mid-shaft clavicle fractures (MSCFs) has evolved over the last three dec-
ades. Controversy exists over which specific fracture patterns to treat and when. This review
aims to synthesize the literature in order to formulate an appropriate management algo-
rithm for these injuries in both adolescents and adults.

Methods

This is a systematic review of clinical studies comparing the outcomes of operative and
nonoperative treatments for MSCFs in the past 15 years. The literature was searched us-
ing, PubMed, Google scholar, OVID Medline, and Embase. All databases were searched
with identical search terms: mid-shaft clavicle fractures (+ fixation) (x nonoperative).

Results

Using the search criteria identified, 247 studies were deemed eligible. Following initial
screening, 220 studies were excluded on the basis that they were duplicates and/or irrele-
vant to the research question being posed. A total of 27 full-text articles remained and were
included in the final review. The majority of the meta-analyses draw the same conclusions,
which are that operatively treated fractures have lower nonunion and malunion rates but
that, in those fractures which unite (either operative or nonoperative), the functional out-
comes are the same at six months.

Conclusion

With regard to the adolescent population, the existing body of evidence is insufficient to
support the use of routine operative management. Regarding adult fractures, the key to
identifying patients who benefit from operative management lies in the identification of risk
factors for nonunion. We present an algorithm that can be used to guide both the patient
and the surgeon in a joint decision-making process, in order to optimize patient satisfaction
and outcomes.
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Introduction
The clavicle is an elongated S-shaped bone,
horizontally placed between the sternum
and the acromion of the scapula and over-
lying the superior part of the ribcage. Clav-
icle fractures account for 5% to 10% of all
adult fractures.” Overall, 70% to 80% are in
the middle third as classified by Allman.?
The management of mid-shaft clav-
icle fractures (MSCFs) has evolved over the
last three decades.>* The publication of a
prospective multicentre randomized control

trial in 2007, by the Canadian Orthopaedic
Trauma Society (COTS),* led to a shiftin prac-
tice in certain centres.® The absolute indica-
tions for surgery remain unchanged: open
fractures, clavicle fractures associated with a
floating shoulder, and those associated with
neurovascular compromise, requiring imme-
diate exploration. Beyond these indications,
there is controversy over which specific frac-
ture patterns to treat and when .8

In the UK, clavicle fractures may not be
treated by a specialist trauma or upper limb
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surgeon in the setting of a general fracture clinic. The
current literature can be difficult to interpret, leading
to potential variation in treatment. The authors have
witnessed both over-and under-treatment, unnecessary
follow-up, and inconsistent management with unnec-
essary imaging. Patients with these fractures require
clear and specific plans, based both on their personal
needs, physiology, and the fracture morphology.

This review aims to synthesize the literature in order
to formulate an appropriate management algorithm for
these injuries in both adolescents and adults. We present
an algorithm that can be used to guide both the patient
and the surgeon in a joint decision-making process, in
order to optimize patient satisfaction and outcomes. The
review is intended to provide structure and guidance for
the treating surgeon, but should not replace clear clinical
judgement.

Methods

Eligibility criteria. All papers comparing the outcomes
of operative and nonoperative treatments for MSCFs in
the past 15 years were included.

Information sources. The literature was searched be-
tween 2006 and 2021 using PubMed, Google schol-
ar, OVID Medline, and Embase. All databases were
searched with identical search terms: mid-shaft clavicle
fractures (+ fixation) (+ nonoperative).

Study selection. Studies identified by the electronic
search were screened initially by title and abstract to ex-
clude any unrelated topics. The focus of this review was
to assess the evidence base of operative and nonopera-
tive treatment lines of MSCFs. As such, general review
articles and papers focusing on financial outcomes were
excluded. Additionally, studies comparing management
options of lateral and medial thirds fractures of clavicle
were excluded.

After the initial screening, the remaining abstracts
were scrutinized and any duplicate articles were
extracted. The remaining articles were included in
the systematic review. Articles were assessed by two
independent reviewers (AK, DT), and any differences
in article inclusion were discussed and resolved by
consensus.

Data collection process. Multiple standardized outcome
measures in the studies were identified. Constant-
Murley score (CMS),° Disabilities of Arm, Shoulder and
Hand (DASH) score,'® duration of follow-up, and out-
come measures were used in each study where appro-
priate, and their results were identified.

Risk of bias. As the majority of studies were papers
showing success or feasibility of surgeries, we acknowl-
edge that there will be a degree of reporting bias, given
that published articles are more likely to publish posi-
tive results and data collection was heterogeneous.

Results

Using the search criteria identified, 247 studies were
deemed eligible. Following initial screening, 220
studies were excluded on the basis that they were
duplicates and/or irrelevant to the research question
being posed. Overall, 27 full-text articles remained and
were included in the final review (Figure 1).

The papers selected consisted of a number of
prospective/retrospective case series, cohort studies,
and systematic reviews/meta-analyses. All studies were
validated using Critical Appraisal Skills Programme
(CASP) checklists. There was heterogeneity between
the papers with regard to the severity of injuries, as well
as the outcome measures observed. We subdivided our
results into retrospective and prospective studies, as
well as randomized controlled trials and meta-analyses.
The results of our search are detailed in Table I.

There were four retrospective studies, five random-
ized controlled trials (RCTs), six non-randomized
prospective trials, nine meta-analyses, one systematic
review, and two systematic reviews of meta-analyses.

The multiple meta-analyses and systematic reviews
have analyzed the merits of each of these papers. In
this review we have tried to identify the ‘take home
message’ which would facilitate decision-making.
Prospective studies. There are a significant number of
well-run studies which conclude that fixation provides
better union rates and clinical outcomes at most time-
points, however many also conclude that there is no
significant difference in clinical outcome by six months
post-injury.

The COTS study,* published in 2007, indicated
that fixation of displaced clavicle fractures resulted in
improved functional outcomes, and a lower rate of
malunion and nonunion, when compared to nonop-
erative treatment at one year of follow-up. Subse-
quent prospective, multicentre trials were published
supporting operative intervention.

Ahrens et al'® conducted a multicentre RCT and
observed that DASH score and CMS, as well as patient
satisfaction, were all significantly better in the fixation
group at six weeks and three months. They concluded
that fixation is a safe and reliable intervention with
better early functional outcomes.

Quist at al** published a multicentre, prospective
parallel RCT and concluded that fixation resulted in
faster functional recovery and a higher rate of union.
However, shoulder function remained equal after six
months and at one year.

The findings of these trials were not universally repro-
duced. Smaller trials, such as the prospective study by
Khoramietal,” found no significantchangesin outcomein
either group. Echalier et al™ published a non-randomized
prospective study measuring CMS and DASH. These were
significantly better in the surgical group from the second
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PRISMA diagram showing search methodology.

to the sixth week, but there was no significant difference
between three and six months. Return to work was earlier
in the surgical group.

Dhakad et al™ published a prospective study and
concluded that early primary plate fixation for MSCF
resulted in improved patient-oriented and surgeon-
oriented outcomes, along with an earlier return to func-
tion and decreased rates of nonunion and malunion.
Naveen et al'® published a prospective study and
concluded that the time to union was reduced, rate of
malunion and nonunion was lower, and CMS scores
were higher in the surgical group.

Purushothaman et al'> observed significant improve-
ment in the rates of fracture union and functional scores
with operative management in a prospective study
over two years. Ban et al'” published a partially blinded
prospective RCT, and they observed that the number
needed to treat to avoid one symptomatic nonunion
was 6.2. They concluded that they could not advo-
cate for either an all-operative or an all-nonoperative
approach.

Robinson et al** conducted a prospective multicentre

RCT and observed that fixation was associated with
better functional outcomes. Nicholson et al™ concluded
that acute plate fixation of displaced MSCFs was not
associated with earlier return of normal shoulder func-
tion when union was achieved.
Systematic reviews and meta-analyses. A number of
large systematic reviews have been conducted. These
generally conclude that surgical fixation leads to a fast-
er return to activity, sport and employment.

Martin et al®observed that surgical fixation demon-
strated a lower risk of nonunion compared to nonop-
erative management, resulting in significantly less
disability early after surgery. Liu et al?” concluded that
operative treatment reduced the nonunion, malunion,
and neurological complication rates of clavicle frac-
tures, but did not affect the delayed union rate.

Hill et al** demonstrated an earlier return to work
among motivated young patients who underwent
intramedullary nailing. Wang et al?? concluded that
operative fixation improved functional outcomes and
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Table 1. Studies: category, sample size, and outcome.
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Author

Outcome measures

Study type (patients)

Conclusions

Heyworth et al!

Nicholson et al™

Dhakad et al'

Echalier et al™

Purushothaman et al'®
Ahrens et al (UK clavicle trial)'¢

Canadian Orthopaedic Trauma
Society*

Song et al®

Ban et al’”

Naveen et al'®

Khorami et al"

Jiang et al®
Guerra et al”

Wang et al??

Nawar et al?

Zhao et al*

Deviji et al®

Ahmed et al*

Woltz et al?¢

Liu et al?

Martin et al?®

Robertson et al?®
Hill et al*®
Herzog et al®

1. Clinical course

2. Complications

3. Validated patient-reported
outcome measures

4. Quality of life metrics

5. Satisfaction scores

DASH

1. Functional outcome
2. Fracture union time
3. Associated complications

CMS and DASH scores

1. Functional recovery
2. Complications

CMS and DASH score
CMS and DASH score

CMS and DASH scores

1. Functional outcome
2. Rate of union

. Functional outcome

. Rate of union and malunion
. Local complications

. Functional outcome

. time to union

N = WN =

CMS

. Functional outcome

. Rate of union and malunion
. Time to union

. Functional outcome
. Rate of union and malunion
. Rate of complications

. Time to union

. Time to return to activity
. Rate of complications

. Treatment failure

. Functional outcomes

. Rate of complications

. Need for further surgery
. Functional outcomes

. Rate of complications

. Rate of union
. Functional outcomes

N= WN= WN= WN= WN= wWN =

. Need for further surgery

. Functional outcomes

. Rate of union

. Time to union

. Incidence of nonunion

. Neurological complications
. Rates of union

. DASH and CMS

N = WN = WN =

Time to return to sporting activity
DASH and CMS
Isokinetic testing

Prospective RCT (909)

Prospective RCT (162)

Prospective (50)

Prospective (65)

Prospective (274)
Prospective RCT (301)
Prospective RCT (132)

Prospective (64)
Prospective RCT (120)

Prospective (60)

Prospective (65)

Meta-analysis (721)
Meta-analysis (1,546)

Meta-analysis (956)

Meta-analysis (522)

Meta-analysis (unspecified)

Meta-analysis (716)

Meta-analysis (1,027)

Meta-analysis (614)

Meta-analysis (663)

Meta-analysis (1,783)

Systematic review (304)
Systematic review (229)
Retrospective (20)

Nonoperative and operative treatment of adolescent
fractures leads to similar complication rates, satisfaction,
and functional outcomes

Comparable return of normal shoulder function between
surgical and conservative treatment when union was
achieved

Early fixation of comminuted fractures leads to improved
patient-oriented outcomes, improved surgeon-oriented
outcomes, earlier return to function, and decreased rates
of nonunion and malunion

Functional recovery is better in the first 6 weeks when
there is fixation with anatomical plate for displaced
fractures

Improvement in the rates of fracture union and functional
scores with operative management

Fixation of clavicle fractures improved the union rate at

9 months

Fixation improved functional outcomes and lower rates of
malunion and at one year

No difference in treatment methods

Improved function scores at 6 months. Improved union
rates.

Surgical intervention leads to better outcomes and early
functional recovery in young active adults

Duration to union is improved with fixation, with no
functional difference at 6 months

Intramedullary pin fixation is the optimal treatment

Surgical treatment of MCFs significantly reduces the
nonunion rate and shortens the time to union

Functional outcomes and union rates were improved with
fixation

No significant difference between operative and
nonoperative management in young patients

Surgical treatment provides a lower rate of overall
treatment failure and a better functional outcome, but is
associated with more implant-related complications

No significant difference in treatment methods

Significant reduction in nonunion and favourable early
functional outcomes are associated with fixation

Fixation reduces the risk of nonunion, but does not have
a clinically relevant advantage regarding final functional
outcome

Fixation reduced nonunion, malunion, and neurological
complication rates of clavicle fractures

Operative fixation carries lower risks of nonunion, with
early improved functional outcomes and less disability

Fixation resulted in quicker return to sporting activity
Nailing provides superior functional results
Poorer function in non-operated arm

Continued
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Table l. Continued
Author Outcome measures Study type (patients) Conclusions
Lake et al* Physical Fitness Test Retrospective (247) Functional outcome significantly improved in in operative
group
Napora et al’ 1. Complications Retrospective (138) No differences in complications or functional outcomes
2. Functional outcome
Prinz et al*? 1. Constant Shoulder Score, Retrospective (59) Functional outcomes were equal but cosmetic result

2. Cosmetic result

poorer in older children

DASH, Disabilities of the Arm, Shoulder and Hand; RCT, randomized controlled trial.

union rates. Devji et al®* demonstrated that one in four
patients developed a complication regardless of the
treatment modality. Functional outcomes were supe-
rior in the operative group. The authors were unable
to conclude that the evidence supported routine oper-
ative fixation of displaced MSCFs.

Robertson and Wood?® found that operative manage-
ment of displaced mid-shaft fractures was found to offer
improved return rates and times to sport compared to
nonoperative management.

Jiang et al?® compared nonoperative measures, plate,
and intramedullary pin fixation in a meta-analysis. They
observed that there were no differences in the effective-
ness assessed by the CMS at six weeks, three, 12, and
24 months, and suggested that intramedullary pin fixa-
tion might be the optimal therapeutic approach.

Woltz et al*® concluded that plate fixation signifi-
cantly reduced the risk of nonunion, but did not have a
clinically relevant advantage regarding final functional
outcome. They observed that secondary operations
were common after both treatments. There was not
enough evidence to support routine operative treat-
ment for all patients with a displaced MSCF.

Ahmed etal®* concluded thataconsiderable reduction
in nonunions, together with early functional outcomes,
was encountered more with fixation. However, due to
the similarity in other outcome measures, the authors
concluded that there was inconsistent evidence
regarding the best treatment for displaced MSCFs.

Guerra et al?' concluded that surgical treatment of
MSCFs significantly reduces the nonunion rate and
shortens the time to union compared with the nonoper-
ative approach and, despite a slightly higher incidence
of complications, leads to better shoulder functional
scores at short- and long-term follow-up.

Zhao et al* concluded that surgical fixation provided
a lower rate of overall treatment failure and a better
functional outcome, but was associated with more
implant-related complications.

Adolescent fractures. Five studies have looked spe-
cifically at the management of these fractures in the
younger patient (adolescent). Most papers indicated
that there was no benefit in surgery, exceptin the older

paediatric cohort where the cosmetic result of surgical
management was superior.

Nawar et al?® presented a meta-analysis study of
seven studies covering 528 mid-diaphyseal clavicle frac-
tures in patients aged eight to 18 years. Those patients
were followed up from two weeks to 3.7 years. The
authors concluded that there was no significant differ-
ence in the time to achieve union, the time to return to
activity, and the overall complication rate between the
operative and the nonoperative groups

Heyworth et al'" conducted a prospective RCT at
eight large paediatric centres. Nonoperative treatment
of patients in this younger cohort demonstrated lower
complication rates and similar satisfaction and func-
tional outcomes.

Prinz et al** looked at a total of 60 displaced MSCFs
in children and adolescents. All patients under the age
of ten were treated conservatively and had very good
functional and cosmetic results. Patients over the age of
ten received either conservative treatment, or fixation
with a Kirschner wire or intramedullary nailing. Func-
tional outcome, irrespective of treatment modality,
was as good as in younger children, but the global
and cosmetic satisfaction score was much lower. Older
patients treated nonoperatively suffered from more
pain, and were dissatisfied with the long immobiliza-
tion. The authors recommended consideration of intra-
medullary fixation in this group.

Herzog et al*' conducted a retrospective study on
20 patients. The patient cohort was followed from the
time of their injury for a year and a half. They reported
that the amount of variability in functional outcomes
for the nonoperative group suggested that some of
these patients may have developed dysfunction. The
authors did acknowledge that their results should be
interpreted with caution, as their sample size was small.

Songetal‘treated 23 adolescent patients with nonop-
erative management and compared them to 18 patients
treated with fixation in terms of radiological, functional
outcome, and complications. Nonunion developed in
neither group. No significant intergroup differences
were observed for the occurrence of delayed union or
time to union. Both operative and nonoperative groups
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showed satisfactory outcomes in terms of disabilities of
the arm, constant shoulder scores, and shoulder and
hand scores. However, recovery of shoulder range of
motion was significantly faster in the operative group.

Discussion

Nonoperative management of clavicle fractures was the
standard in the 1960s and 1970s, with relatively small
case series by both Neer* and Allman? indicating that
nonunion was extremely rare, and that nonoperative
management should be the treatment of choice.

Trends towards operative management began in the
late 1990s. One contributing factor may have been the
introduction of locking precontoured plates,*” as these
are associated with a low risk of failure, and previously
fixation was achieved with dynamic compression plates.

An increasing body of evidence subsequently
published has suggested that equivalent outcomes can
be achieved with nonoperative management.'241619:34
Additionally Nicholson et al*® concluded that routine
plate fixation of displaced MSCFs was not cost-effective.
They suggested that a targeted approach to fixation of
patients who are at higher risk of nonunion would be
more efficient.

As a consequence of the shifts in treatment trends, the
authors felt that a standardized algorithm based on the
current available evidence would be beneficial.
Development of a treatment algorithm. The majority of
systematic reviews and meta-analyses draw the same con-
clusions, which are that operatively treated fractures have
lower nonunion and malunion rates but that, in those
fractures which unite (either operative or nonoperative),
the functional outcomes are the same at six months.

The accurate identification of patient cohorts which
will potentially do worse with nonoperative manage-
ment may be the key to determining which patients
require surgical management. Robinson et al** noted in
their prospective RCT that the improvement in function
observed in the operatively managed patients was down
to the increased union rate. In a previous paper, Robinson
et al*® determined that sex, lack of cortical apposition,
and comminution were all independently associated
with nonunion. Murray et al*' identified smoking status,
overall fracture displacement, and comminution as inde-
pendent risk factors for nonunion. They concluded that
if all fractures were treated nonoperatively, the number
needed to treat to prevent a nonunion would be 7.5. If
only fractures with a predicted probability of > 40% were
managed operatively, the number of patients managed
operatively to prevent a single nonunion would be
reduced to 1.7.

The same group also identified the effect of delay in
treatment on ultimate displacement of a fracture.*> They
suggested that radiological evaluation at six weeks after
injury may have superior predictive value compared with

information available at the time of the injury. They indi-
cated that the presence of a high QuickDASH score (=
40 points), no callus on radiograph, and movement at
the fracture site were all risk factors for nonunion. The
presence of two of these three risk factors conferred a
nonunion risk of 60%. With none of these present, the
risk of nonunion dropped to only 3%.

In a study published in 2021, Nicholson et al*? reviewed
the effectiveness of ultrasound at predicting union by the
detection of callus formation. They concluded that the
presence of bridging callus on ultrasound was associated
with a union in 98.6% of patients studied.

Based on the evidence provided by Hill et al,** who
suggested that clavicle shortening of 2 cm or more was
associated with nonunion, this measure is often cited as
an indication for operative management. This figure of
2 cm is controversial and has been disputed.**** Jones et
al*¢ demonstrated that standard radiographs of the clav-
icle were insufficient to reliably determine the degree of
shortening, and that surgery should not be based purely
on this criterion. Thorsmark et al*’ also noted that existing
techniques of measuring clavicular shortening had either
reliability or methodological issues. Patient positioning
and delays in obtaining imaging were also found to be
confounding factors.*®* The solution would appear to
be to use radiographs with the arm in a standardized
position at a standardized period of time from injury
but currently there is no consensus as to what form this
should take.

The clinical picture is contradictory. In 2021, Subra-
manyam et al*® published a prospective study of
100 patients with displaced fracture of the middle third
of the clavicle who were treated conservatively. They
concluded that for every 1 mm of shortening or one-
unit increase of angulation, there was a reduction in the
Constant Score around 14%.

These findings contradicted those of a number of
other studies. Goudie et al®' concluded that no associa-
tion existed between shortening and functional outcome
or satisfaction in patients with healed displaced MSCFs
up to one year following injury. A systematic review by
Malik et al*?> noted a heterogeneity of imaging projec-
tions, and demonstrated that there was no significant
association between fracture shortening and outcome
score in displaced MSCFs managed nonoperatively. The
authors concluded that routine CT imaging to enable
accurate measurement with the subsequent risk of radia-
tion exposure could not be justified due to the increased
radiation dose of a CT scan of the shoulder (2.06 mSv).
This was found to be significantly higher than that of a
plain chest radiograph (0.1 mSv).>?

Given the heterogeneity of outcome measures and
imaging projections used, it is impossible to determine to
what extent — if any — shortening has an effect on func-
tional outcomes. Authors commentating that shortening
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Fig. 2
Treatment algorithm. QuickDASH, abbreviated Disabilities of the Arm, Shoulder and Hand questionnaire.

may have an effect on outcomes have themselves stip-
ulated that the complex 3D configurations of fractures
cannot be fully appreciated on radiographs.*! Therefore,
without standardization of imaging methods, functional
outcomes, and measurement methods the conclusion
cannot be drawn that shortening is an indication for
surgery.*

As with all literature-based studies, there is an inherent
publication bias in the evidence we have reviewed and
we have attempted to mitigate this as much as possible.
No trauma management algorithm will be perfect, and
we have not attempted to make an all-encompassing
protocol. The intention is to provide clinicians who may
be less familiar with the management of MSCFs with an
evidence-based management plan. It is up to the indi-
vidual to adapt this based on the patient they have in
front of them.

Based on the evidence identified, the authors propose
an algorithm for the treatment of displaced MSCFs
(Figure 2). This accounts for consideration of risk factors,
controversies surrounding displacement, and patient
factors. This will allow the treating surgeon in the outpa-
tient setting to discuss the options available based on
the existing evidence, and to provide a cost-effective and
balanced care plan.

In the outpatient setting. If a patient is under 18 years
old, they should be counselled for nonoperative man-
agement (as per Nawar et al).?® If they are over 18, it

should be explained to the patient that under optimal
settings (without risk factors for nonunion), there is a
70% to 90% chance of union at six weeks, with 96% at
12 weeks.*

Those who have risk factors for nonunion should
be offered operative intervention (Robinson et al*® and
Murray et al).*" In the clinical setting, the role of the
treating surgeon is to simplify the decision-making
process for the patient. The presence or otherwise of the
folllwing risk factors should be identified and explained
to the patient: 1) if the patient is a smoker, their odds of
nonunion are almost four times higher; 2) if they have
a comminuted fracture, their odds are almost twice as
high; 3) if there is a lack of cortical apposition, the risk
of nonunion is almost twice as high; and 4) if they are
female, they have a slightly higher risk of nonunion.

If the patient’s life circumstances dictate that they
require improved functional outcomes at six weeks,
they may be offered surgery (Echalier et al).™ In patients
with highly physical jobs (e.g. active military personnel
or sportsmen) or those with active lifestyles, surgery
can be offered to improve functional outcomes, as
suggested by Lake et al.??

Shortening on its own is not an indication for surgery,
in accordance with the evidence presented by Goudie et
al’’ and Malik et al.>2 In line with the management strategy
developed by Nicholson et al,*? all patients should be reas-
sessed at six weeks for the following criteria. If they have
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two of the following three features — a QuickDASH score
greater than 40, no callus on radiograph, and movement
at the fracture site — they should be advised that there is
a 60% chance of progressing to a nonunion, and opera-
tive intervention should be considered. If ultrasound is
available, this should be used to confirm the presence of
bridging callus.

All patients being counselled for surgery should be
made aware of all risk factors as well as the purpose of the
surgery, which is primarily to reduce the risk of nonunion
and to improve acute functional outcomes. A shared
decision on treatment should then be taken.

With regard to the adolescent population, the existing
body of evidence is insufficient to support the use of
routine operative management. Although there is some
evidence to support an earlier return to function,®' the
largest study reviewed indicated that there was no benefit
observed with operative intervention.?

Regarding adult fractures, it is difficult to interpret
the apparently contradictory findings contained in the
literature over the last two decades. The heterogeneity
in treatment methods with both nonoperative (sling vs
brace vs return to free movement) and operative (nail vs
plate) means that the findings above must be interpreted
with care. The use of different outcome measures further
complicates decision-making.

In summary, the authors recommend the use of an
algorithm to facilitate shared decision-making between
the patient and the treating surgeon in order to optimize
any treatment given to suit the unique circumstances of
the patient, supported by the existing body of evidence.
We would encourage treating surgeons to make use
of their algorithm, and feedback their experiences for
further refinement of the treatment process.

A Take home message
’) - This study summarizes the available evidence on clavicle
fracture fixation.

- This evidence is used to synthesize a practical algorithm for
orthopaedic surgeons in the treatment of clavicle fractures.

Supplementary material

Search methodology.

References

1. Robinson CM. Fractures of the clavicle in the adult. J Bone Joint Surg Br.
1998;80-B(3):476—484.

2. Allman FL. Fractures and ligamentous injuries of the clavicle and its articulation. J
Bone Joint Surg Am. 1967;49-A(4):774-784.

3. Schneider P, Bransford R, Harvey E, Agel J. Operative treatment of displaced
midshaft clavicle fractures: has randomised control trial evidence changed practice
patterns? BMJ Open. 2019;9(9):¢031118.

4. Canadian Orthopaedic Trauma Society. Nonoperative treatment compared with
plate fixation of displaced midshaft clavicular fractures. A multicenter, randomized
clinical trial. J Bone Joint Surg Am. 2007;89-A(1):1-10.

5. Devji T, Kleinlugtenbelt Y, Evaniew N, Ristevski B, Khoudigian S, Bhandari
M. Operative versus nonoperative interventions for common fractures of the clavicle:
a meta-analysis of randomized controlled trials. CMAJ Open. 2015;3(4):E396—405.

6. Song MH, Yun Y-H, Kang K, Hyun MJ, Choi S. Nonoperative versus operative
treatment for displaced midshaft clavicle fractures in adolescents: a comparative
study. J Pediatr Orthop B. 2019;28(1):45-50.

7. Napora JK, Grimberg DC, Childs BR, Vallier HA. Results and outcomes after
midshaft clavicle fracture: Matched pair analysis of operative versus nonoperative
management. Orthopedics. 2018;41(5):e689-e694.

8. Khorami M, Fakour M, Mokarrami H, Arti HR, Nasab AM, Shahrivar F.
The comparison of results of treatment of midshaft clavicle fracture between
operative treatment with plate and non-operative treatment. Arch Bone Jt Surg.
2014;2(3):210-214.

9. Constant CR, Murley AH. A Clinical Method of Functional Assessment of the
Shoulder. Clin Orthop Relat Res. 1987;214{amp;NA):160.

10. Hudak PL, Amadio PC, Bombardier C. Development of an upper extremity
outcome measure: the DASH (disabilities of the arm, shoulder and hand). corrected.
The Upper Extremity Collaborative Group (UECG) Am J Ind Med. 1996;29(6):602—608.

11. Heyworth BE, Pennock AT, Li GY, et al. Two-year functional outcomes of operative
vs. non-operative treatment of completely displaced midshaft clavicle fractures in
adolescents: results from a prospective, multicenter, level 2 study. Orthop J Sports
Med. 2019;7(7_suppl5):2325967119S0042.

12. Nicholson JA, Clement ND, Clelland AD, MacDonald DJ, Simpson A,
Robinson CM. Acute plate fixation of displaced midshaft clavicular fractures is not
associated with earlier return of normal shoulder function when union is achieved.
Bone Jt Open. 2021;2(7):522-529.

13. Dhakad RKS, Panwar M, Gupta S. Plating versus conservative treatment
in mid shaft fractures of clavicle: A comparative study. J Clin Orthop Trauma.
2016;7(Suppl 2):166-170.

14. Echalier C, Sakek F, Soumagne T, et al. Prospective evaluation of early functional
recovery of displaced fractures of the middle third of the clavicle whether operated or
not. Orthop Traumatol Surg Res. 2021;107(1):102768.

15. Purushothaman D JR, Moirangthem V, Reddy N. Clinico-radiological outcome of
fracture middle 3rd clavicle treated non-operatively and with plate osteosynthesis: A
comparative study. Int J Orthop Sci. 2019;5(2):808-815.

16. Ahrens PM, Garlick NI, Barber J, Tims EM, Clavicle Trial Collaborative
Group. The Clavicle Trial: a multicenter randomized controlled trial comparing
operative with nonoperative treatment of displaced midshaft clavicle fractures. J
Bone Joint Surg Am. 2017;99-A(16):1345—1354.

17. Ban |, Kristensen MT, Barfod KW, Eschen J, Kallemose T, Troelsen A. Neither
operative nor nonoperative approach is superior for treating displaced midshaft
clavicle fractures: a partially blinded randomized controlled clinical trial. Bone Joint
J. 2021;103-B(4):762—768.

18. Naveen BM, Joshi GR, Harikrishnan B. Management of mid-shaft clavicular
fractures: comparison between non-operative treatment and plate fixation in 60
patients. Strategies Trauma Limb Reconstr. 2017;12(1):11-18.

19. Khorami M, Fakour M, Mokarrami H, Arti HR, Nasab AM, Shahrivar F.
The comparison of results of treatment of midshaft clavicle fracture between
operative treatment with plate and non-operative treatment. Arch Bone Jt Surg.
2014;2(3):210-214.

20. Jiang W, Wang H, Li Y-S, Zhou T-J, Hu X-J. Meta-analysis of differences
in Constant-Murley scores for three mid-shaft clavicular fracture treatments.
Oncotarget. 2017,8(47):83251-83260.

21. Guerra E, Previtali D, Tamborini S, Filardo G, Zaffagnini S, Candrian C.
Midshaft clavicle fractures: surgery provides better results as compared with
nonoperative treatment: A meta-analysis. Am J Sports Med. 2019;47(14):3541-3551.

22. Wang X-H, Guo W-J, Li A-B, Cheng G-J, Lei T, Zhao Y-M. Operative versus
nonoperative treatment for displaced midshaft clavicle fractures: a meta-analysis
based on current evidence. Clinics (Sao Paulo). 2015;70(8):584-592.

23. Nawar K, Eliya Y, Burrow S, Peterson D, Ayeni 0, de Sa D. Operative versus
non-operative management of mid-diaphyseal clavicle fractures in the skeletally
immature population: A systematic review and meta-analysis. Curr Rev Musculoskelet
Med. 2020;13(1):38-49.

24. Zhao J-G, Wang J, Long L. Surgical versus conservative treatments for displaced
midshaft clavicular fractures. Medicine (Baltimore). 2015;94(26):e1057.

25. Ahmed AF, Salameh M, AlKhatib N, Elmhiregh A, Ahmed GO. Open reduction
and internal fixation versus nonsurgical treatment in displaced midshaft clavicle
fractures: A meta-analysis. J Orthop Trauma. 2018;32(7).€276—e283.

26. Woltz S, Krijnen P, Schipper IB. Plate fixation versus nonoperative treatment for
displaced midshaft clavicular fractures: A meta-analysis of randomized controlled
trials. J Bone Joint Surg Am. 2017,99-A(12):1051-1057.

VOL. 3, NO. 11, NOVEMBER 2022



858

2].

28.

29.

30.

31.

32.

33.

34.

35.

36.
. Fridberg M, Ban |, Issa Z, Krasheninnikoff M, Troelsen A. Locking plate

3

~

38.

39.

40.

i

=y

42

43.

44,

Liu G, Tong S, Ou S, et al. Operative versus non-operative treatment for clavicle
fracture: a meta-analysis. /nt Orthop. 2013;37(8):1495—-1500.

Martin JR, Saunders PE, Phillips M, et al. Comparative effectiveness of treatment
options for displaced midshaft clavicle fractures : a systematic review and network
meta-analysis. Bone Jt Open. 2021;2(8):646-654.

Robertson GAJ, Wood AM. Return to sport following clavicle fractures: a
systematic review. Br Med Bull. 2016;119(1):111-128.

Hill CE. Is intramedullary nailing more effective than non-operative treatment
in adults with displaced middle-third clavicle fractures? J Orthop Traumatol.
2014;15(3):155-164.

Herzog MM, Whitesell RC, Mac LM, et al. Functional outcomes following non-
operative versus operative treatment of clavicle fractures in adolescents. J Child
Orthap. 2017;11(4):310-317.

Lake N, Mombell KW, Bernstein E, 0'Mary K, Scott J, Deafenbaugh B.
Improved functional outcomes following operative treatment of midshaft clavicle
fractures in an active duty population. Cureus. 2020;12(3):67488.

Prinz KS, Rapp M, Kraus R, Wessel LM, Kaiser MM. Dislocated midclavicular
fractures in children and adolescents: who benefits from operative treatment? Z
Orthop Unfall. 2010;148(1):60-65.

Quist AH, Vaesel MT, Jensen CM, Jensen SL. Plate fixation compared with
nonoperative treatment of displaced midshaft clavicular fractures: a randomized
clinical trial. Bone Joint J. 2018;100-B(10):1385—1391.

Robinson CM, Goudie EB, Murray IR, etal. Open reductionand plate fixation versus
nonoperative treatment for displaced midshaft clavicular fractures: a multicenter,
randomized, controlled trial. J Bone Joint Surg Am. 2013;95-A(17):1576—1584.

Neer CS. Nonunion of the clavicle. J Am Med Assoc. 1960;172:1006-1011.

osteosynthesis of clavicle fractures: complication and reoperation rates in one
hundred and five consecutive cases. Int Orthop. 2013;37(4):689-692.

Nicholson JA, Clement N, Goudie EB, Robinson CM. Routine fixation of
displaced midshaft clavicle fractures is not cost-effective: a cost analysis from a
randomized controlled trial. Bone Joint J. 2019;101-B(8):995-1001.

Robinson CM, Goudie EB, Murray IR, etal. Open reductionand plate fixation versus
nonoperative treatment for displaced midshaft clavicular fractures: a multicenter,
randomized, controlled trial. J Bone Joint Surg Am. 2013;95-A(17):1576-1584.
Robinson CM, Court-Brown CM, McQueen MM, Wakefield AE. Estimating the
risk of nonunion following nonoperative treatment of a clavicular fracture. J Bone
Joint Surg Am. 2004;86-A(7):1359-1365.

. Murray IR, Foster CJ, Eros A, Robinson CM. Risk factors for nonunion after

nonoperative treatment of displaced midshaft fractures of the clavicle. J Bone Joint
Surg Am. 2013;95-A(13):1153-1158.

Nicholson JA, Clement ND, Clelland AD, MacDonald D, Simpson A, Robinson
CM. Displaced midshaft clavicle fracture union can be accurately predicted with a
delayed assessment at 6 weeks following injury: A prospective cohort study. J Bone
Joint Surg Am. 2020;102-A(7):557-566.

Hill JM, McGuire MH, Croshy LA. Closed treatment of displaced middle-third
fractures of the clavicle gives poor results. J Bone Joint Surg Br. 1997,79-B(4):537-539.
Figueiredo GS de L, Tamaoki MJS, Dragone B, et al. Correlation of the degree of
clavicle shortening after non-surgical treatment of midshaft fractures with upper limb
function. BMC Musculoskelet Disord. 2015;16(1):151.

45

A-A. KHORIATI, Z. FOZO, L. AL-HILFI, D. TENNENT

. Rasmussen JV, Jensen SL, Petersen JB, Falstie-Jensen T, Lausten G, Olsen
BS. A retrospective study of the association between shortening of the clavicle after
fracture and the clinical outcome in 136 patients. Injury. 2011;42(4).414-417.

49,

46. Jones GL, Bishop JY, Lewis B, Pedroza AD, Group MS. Intraobserver and

interobserver agreement in the classification and treatment of midshaft clavicle
fractures. Am J Sports Med. 2014;42(5):1176-1181.

47. Thorsmark AH, Muhareb Udby P, Ban |, Frich LH. Bone shortening of clavicular

fractures: comparison of measurement methods. BMC Musculoskelet Disord.
2017;18(1):537.

48. Hoogervorst P, van Geene A, Gundlach U, Wei A, Verdonschot N, Hannink

G. Influence of radiographic projection and patient positioning on shortening of the
fractured clavicle. JSES Int. 2020;4(3):503-507.

Plocher EK, Anavian J, Vang S, Cole PA. Progressive displacement of clavicular
fractures in the early postinjury period. J Trauma. 2011;70(5):1263-1267.

50. Subramanyam KN, Mundargi AV, Gopakumar KU, Bharath T, Prabhu MV,

Khanchandani P. Displaced midshaft clavicle fractures in adults - is non-operative
management enough? Injury. 2021;52(3):493-500.

51. Goudie EB, Clement ND, Murray IR, et al. The influence of shortening on clinical

outcome in healed displaced midshaft clavicular fractures after nonoperative
treatment. J Bone Joint Surg Am. 2017,99-A(14):1166-1172.

52. Malik SS, Tahir M, Jordan RW, Malik SS, Saithna A. Is shortening of

displaced midshaft clavicle fractures associated with inferior clinical outcomes
following nonoperative management? A systematic review. J Shoulder Elbow Surg.
2019;28(8):1626—-1638.

Author information:

M A-A. Khoriati, MBBS BSc(int), MRCS, FRCS (Orth), Shoulder Fellow, Princess Alexan-
dra Hospital, Brisbane, Australia.

= Z.A. Fozo, MB BCH, MRCS, Core Surgical Trainee, Ysbyty Gwynedd, Bangor, UK.

= L. Al-Hilfi, MB BCH, MSc, Trauma and Orthopaedic SHO, Croydon University
Hospital, London, UK.

® D. Tennent, MBBS, FRCS(Orth), MAcadMedEd, Orthopaedic Professor, St. Georges
Hospital and Medical School, London, UK.

Author contributions:

= A-A. Khoriati: Data curation, Formal analysis, Investigation, Methodology, Writing —
original draft, Writing — review & editing.

® Z. A. Fozo: Data curation, Investigation, Methodology, Writing — original draft,
Project administration.

= L. Al-Hilfi: Data curation, Investigation, Project administration.

= D. Tennent: Conceptualization, Investigation, Supervision, Visualization, Writing —
review & editing.

Funding statement:
¥ The authors received no financial or material support for the research, authorship,
and/or publication of this article.

ICMJE COI statement:
= D. Tennent receives royalties, teaching payments, and patents from Arthrex which do
not have any relationship to the subject of this study.

Open access funding
= The authors confirm that the open access fee for this study was self-funded.

© 2022 Author(s) et al. This is an open-access article distributed under the terms of
the Creative Commons Attribution Non-Commercial No Derivatives (CC BY-NC-ND 4.0)
licence, which permits the copying and redistribution of the work only, and provided
the original author and source are credited. See https://creativecommons.org/licenses/
by-nc-nd/4.0/

BONE & JOINT OPEN


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

	Closed midshaft clavicle fractures
	Introduction
	Methods
	Results
	Discussion
	Supplementary material
	References
	Funding statement:


