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Abstract 

Background and aim Isolated midshaft clavicle fractures (MCF) and acromioclavicular joint (ACJ) injuries are com-
mon, but simultaneous cases are rare and often receive insufficient clinical attention, resulting in missed diagnoses. 
Moreover, there is no consensus on the injury mechanism, classification, and treatment, and the prognosis remains 
poorly summarized. This review aims to provide an overview of MCFs with ipsilateral ACJ injuries, focusing on injury 
mechanism, classification, treatment, and prognosis.

Methods We searched the literature published between 1962 and 2024 on PubMed, Web of Science, and EMBASE 
using the search terms “clavicle fracture [Title/Abstract]) AND (acromioclavicular [Title/Abstract])”. Studies report-
ing clinical outcomes in patients with MCF and ipsilateral ACJ injuries were included. 37 studies were included 
after screening. The study quality was assessed using the Joanna Briggs Institute Critical Appraisal Checklist. Data 
on study design, patient demographics, treatment approaches, and outcomes were extracted for qualitative analysis. 
We then summarized key findings and presented our insights.

Results MCFs with ipsilateral ACJ injuries are often associated with comorbidities such as rib fractures, hemopneu-
mothorax, scapula fractures, neurovascular injuries, and atypical MCF displacement patterns. These cases should raise 
suspicion for combined injuries. Due to the "floating" nature of the lateral clavicle, the "Piano Key Sign" is typically 
negative and not reliable for diagnosis. Initial ACJ evaluation may be inconclusive, so reevaluation after MCF fixation 
is recommended. Type IV ACJ injuries can be underestimated on anteroposterior radiographs, and additional axillary 
radiographs and CT scans may better visualize posterior clavicle displacement. Most researchers believe ACJ capsule 
and ligament damage occurs first, but is insufficient to cause significant dislocation, suggesting that isolated MCF 
may involve combined ACJ injury with intact coracoclavicular ligaments. Notably, most patients reported favorable 
outcomes without major complications within two years, regardless of treatment approach.

Conclusions MCFs with ipsilateral ACJ injuries are rare and often missed when ACJ injuries are mild. The injury 
mechanism is unclear, and no classification system exists to indicate severity. These injuries are typically treated 
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separately without a unified protocol. Despite promising outcomes, further studies are needed to address these issues 
and improve understanding of long-term results.

Keywords Clavicle fracture, Acromioclavicular joint, Midshaft clavicle, Bipolar clavicle injuries, Coracoclavicular 
ligament

Introduction
Midshaft clavicle fractures (MCF) and acromioclavicular 
joint (ACJ) injuries are common when occurring sepa-
rately, but their simultaneous occurrence is rare. Due to 
this rarity, clinical attention is often insufficient, lead-
ing to a high risk of missed or misdiagnoses, especially 
when ACJ injuries are mild. This can result in progressive 
dislocation, arthritis, and pain, often requiring revision 
treatments [1, 2]. Additionally, while the principles and 
modalities of treatment for both MCF and ACJ injuries 
are well established [3–9], a unified approach for simulta-
neous injuries remains unclear and may not be as simple 
as a "1 + 1 = 2" solution. Also, the prognosis following dif-
ferent treatments had not been well summarized in the 
past few years. To improve the understanding of MCF 
with concomitant ipsilateral ACJ injuries, which is cru-
cial for enhancing patient outcomes, we reviewed rel-
evant literature, summarized key findings, and provided 
an overview along with our insights into this rare injury. 
This review focuses on the injury mechanism, classifica-
tion, treatment, and prognosis, aiming to raise clinical 
awareness, reduce underdiagnosis, and ultimately benefit 
patients.

Methods
We conducted a literature search with reference to the 
PRISMA 2020 statement [10]. Ethical approval was not 
required for this review of publicly available data.

Database and searching strategies
We performed a comprehensive literature search in the 
electronic databases of PubMed, Web of Science, and 
EMBASE with no language restrictions. The publica-
tion dates were limited from January, 1962 to June, 2024. 
Search terms in different databases are shown in Table 1. 
After the electronic search was completed, the relevant 

literature and references were searched manually to find 
potential eligible studies.

Inclusion criteria
We follow the population/intervention/comparator/
outcome/study design (PICOS) principle to develop 
the inclusion criteria [11]. (1) Population: patients were 
diagnosed with MCF combined ipsilateral ACJ injury. 
(2) Intervention: patients were treated conservatively 
or surgically. (3) Comparator: not essential. (4) Out-
comes: studies had at least one of the following clinical 
outcomes, including functional outcome, complications, 
reduction of joint luxation, and bony union. (5) Study 
design: no limitation.

Exclusion criteria
Our exclusion criteria are as follows: (1) Studies that do 
not provide concrete patient and treatment-related infor-
mation, such as review articles, systematic reviews, sur-
gical techniques, guidelines, textbooks, and cadaveric 
studies; (2) Studies where the patients’ primary diagnoses 
differ from the topic of our study.

Screening, study selection and data extraction
The search results were imported into EndNote 
19.0  (Clarivate Analytics, Philadelphia, PA, USA), and 
duplicates were removed. Subsequently, three authors 
(CW, SD, CM) independently reviewed the titles and 
abstracts of each article. In case of disagreements, a 
fourth independent author (ZL) assessed the article. The 
articles that potentially met the inclusion criteria were 
further analyzed, and only those meeting all inclusion 
criteria were used for analysis. The following data were 
extracted from all included studies: study details (study 
design, authors, publication year, country), patient demo-
graphics (age, gender, affected side), and management 
characteristics (surgical or conservative, immobilization 

Table 1 Search strategies for PubMed, Web of Science, and EMBASE

Databases Searching terms Time limits

PubMed (clavicle fracture[Title/Abstract]) AND (acromioclavicular[Title/Abstract]) 1962–01-01 TO 2024–06–15

Web of Science ((TI = (clavicle fracture)) OR (AB = (clavicle fracture))) AND ((TI = (acromioclavicular)) 
OR (AB = (acromioclavicular)))

1962–01-01 TO 2024–06–15

EMBASE ’clavicle fracture’:ab,ti AND acromioclavicular:ab,ti AND [< 1966–2024]/py 1962–01-01 TO 2024–06–15
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strategies, implants, and rehabilitation), clinical out-
comes (follow-up time and results, functional outcome, 
postoperative complications, ACJ alignment, and bony 
union).

Quality assessment
As most of the included were case reports, two authors 
(XL and WX) assessed their quality using the Joanna 
Briggs Institute (JBI) Critical Appraisal Checklist for Case 
Reports [12], which comprises eight questions designed 
for objective quality assessment. Evaluators are required 
to respond to each question with "Yes," "No," "Unclear," 
or "Not Applicable" based on the actual content of each 
study. While the original JBI checklist does not employ 
a conventional scoring system, we established a quanti-
tative evaluation method by assigning 1 point for each 
"Yes" response and 0 points for other responses. Based on 
this scoring system, studies were categorized as follows: 
excellent (6–8 points), good (3–5 points), and poor (0–2 
points). Any discrepancy was solved by a discussion with 
third independent author (CW).

Data analysis
Given the nature of the included studies, which primar-
ily consist of case reports, statistical analysis was not 
feasible. The small sample sizes, heterogeneous patient 
populations, and variations in treatment approaches 
across studies made it difficult to perform meaningful 
quantitative analyses. As such, a qualitative approach 
was adopted for this study. The focus of this review was 
to synthesize and summarize the findings from the case 
reports, rather than to conduct statistical comparisons. 
A qualitative analysis allows for a comprehensive under-
standing of the clinical outcomes, treatment strategies, 
and complications reported in individual cases, which 
are essential for drawing insights from case-based litera-
ture. We have provided a narrative synthesis of the data, 
including detailed descriptions of patient demographics, 
treatment modalities, and outcomes, in order to highlight 
trends and commonalities across studies. Thus, the deci-
sion to use a qualitative approach was based on the limi-
tations of the available data, and it was deemed the most 
appropriate method to provide a meaningful synthesis of 
the clinical findings in this context.

Results
After careful screening, we identified a total of 38 stud-
ies related to MCF with associated ipsilateral ACJ inju-
ries between 1962 and 2024 [1, 2, 13–48]. It should be 
noted that three case reports were unavailable in full text, 
but two [46, 47] of them provided detailed case descrip-
tions in the abstracts, so they were included. However, 
another study from Japan [37] was excluded. Therefore, 

this review is primarily based on the remaining 37 stud-
ies. The specific inclusion process flowchart is shown in 
Fig. 1.

Almost all of the included studies were published in 
English by authors from 18 countries, with the excep-
tion of Sebesta et  al. [36] who published a case report 
in Czech. The largest number of studies came from the 
United States, with 11 studies reporting a total of 40 
cases. Although only one study was from Germany, it 
reported the highest number of cases, with a total of 106 
cases [26]. In terms of chronological order, the first study 
on MCF with associated ipsilateral ACJ injuries was pub-
lished in the year of 1990 by Lancourt [43], who reported 
a horseback rider suffered this rare injury. Since 2010, the 
number of recorded MCF with associated ipsilateral ACJ 
injuries has increased considerably, whereas prior to 2010 
there were only 6 studies, most likely due to the increased 
speed of vehicles making people more vulnerable to high-
energy trauma as well as an increased awareness of such 
combined injuries.

34 [1, 2, 13, 14, 16–25, 27–31, 33–36, 38–48] out of 
37 studies were case reports with a detailed description 
including radiologic records, treatment modalities, reha-
bilitation therapies, and follow-up results, which allowed 
for a critical analysis of each case. Three exceptions, 
which mainly focused on the incidence of bipolar clavicle 
injuries, were published by Bakir et  al. [26], Ottomeyer 
et al. [15], and Chillemi et al. [32], respectively. The key 
findings and quality assessment results for each case 
report are presented in Table 2.

Discussion
Through a systematic synthesis of the primary findings 
from the included studies and based on clinical experi-
ence, our study comprehensively aims to discuss the clin-
ical issues related to MCFs with ipsilateral ACJ injuries 
and offer some insights to advance the understanding of 
this uncommon injury.

Pathoanatomy and mechanism of injury
MCFs with associated ipsilateral ACJ injuries represent 
a complex injury pattern involving multiple structures 
surrounding the clavicle and ACJ. Radiologic findings 
typically show marked clavicular displacement and ACJ 
malalignment in this condition(Fig.  2). The clavicle, as 
the only bony connection between the trunk and upper 
limb, plays a crucial role in shoulder mechanics. Its pal-
pable, gentle S-shaped contour consists of a forward-fac-
ing convex medial portion and a concave lateral portion. 
MCFs typically occur at anatomical transition zones, 
most commonly caused by falls onto an outstretched 
hand or direct impact [6–9, 49, 50]. In contrast, the ACJ, 
surrounded by a joint capsule and reinforced by the 
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acromioclavicular ligament (ACL) and the stronger cora-
coclavicular ligament (CCL), is less frequently injured 
but often results from similar mechanisms of trauma 
[51, 52]. Furthermore, the high-energy nature of such 
trauma often causes associated injuries, including rib 
fractures, hemopneumothorax, scapular fractures, and 
neurovascular injuries. The presence of these associated 
injuries should therefore raise clinical suspicion for con-
current ipsilateral ACJ dislocation in patients with clavi-
cle fractures.

Importantly, based on the reviewed cases, radio-
graphic findings in combined MCFs with ipsilateral 
ACJ injuries frequently deviated from typical fracture 
displacement patterns observed in isolated MCFs [14, 
18, 23–25, 28, 30, 34, 40, 44, 45, 48]. Additionally, the 
concurrent involvement of both structures compli-
cates radiographic assessment, as the actual severity of 
ACJ frequently demonstrate inconsistencies with the 
corresponding classification types in the Rockwood 

system [1, 16, 20, 24, 29, 41]. These findings highlight 
the necessity for further investigation into the unique 
biomechanical mechanisms underlying such combined 
injuries.

However, due to the rarity of these combined injuries 
in clinical practice, a consensus regarding their precise 
mechanism remains elusive, primarily due to the lack of 
high-level evidence. Available case reports indicate that 
high-energy trauma, particularly falls from two-wheeled 
motorcycles, is a predominant cause. This suggests that 
a combination of direct shoulder blows and simultane-
ous rotation may play a critical role in the pathogenesis of 
these complex injuries.

Two main hypotheses exist for the mechanism behind 
bipolar clavicle injuries [21]. One proposes that both 
injuries occur simultaneously, while the other sug-
gests a consecutive occurrence. Most experts believe 
that MCFs with associated ACJ injuries typically occur 

Fig. 1 PRISMA diagram showing the screening process
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consecutively, though the exact sequence remains con-
troversial [19, 23, 33, 41].

Marjoram et al. [19] and van de Voort et al. [23] sug-
gested that high-energy trauma firstly causes ruptures of 
both the ACL and CCL, leading to ACJ dislocation. Sub-
sequently, the force is transmitted medially, resulting in 
clavicle fracture. Similarly, Okano et  al. [53] introduced 
the "first rib pivot theory," which postulates that a pos-
terior force applied to the ACJ results in dislocation, 
with the first rib acting as a pivot point for the subse-
quent clavicle fracture or sternoclavicular joint (SCJ) 
dislocation. All these theories imply that ligament rup-
tures occur before the clavicle fractures. However, docu-
mented cases demonstrating ACLs rupture with intact 
CCLs have been reported, challenging these hypotheses 
[16, 24, 41].

Wisniewski [41], on the other hand, proposed an 
alternative mechanism: a shoulder collision causing the 
scapula to displace forward and upward relative to the 
clavicle. This first damages the ACJ capsule, ACL, and 
surrounding muscle fascia, and then, if the energy is suf-
ficient, transmits medially to cause a clavicle fracture. In 
this scenario, the CCL remains intact until the clavicle 
fractures. This hypothesis is supported by cases where 
the CCL was found intact during surgery, and ACJ sta-
bility was restored following clavicle fixation [16, 24, 31, 
41, 44]. Other studies, including those by Fulton et al. [1], 
Park et  al. [29], and Wurtz et  al. [48], support this idea 
that when the CCL remains intact, a downward force 
on the shoulder can cause a clavicle fracture, followed 
by ACJ dislocation if sufficient residual force is applied. 
Nevertheless, While Wisniewski’s hypothesis provides a 
more comprehensive explanation for MCFs with associ-
ated ipsilateral ACJ injuries compared to the theories 
proposed by Marjoram et al. [19], van de Voort et al. [23], 
and Okano et al. [53], it fails to account for isolated ACJ 
dislocations that occur without associated clavicle frac-
tures despite complete rupture of both the ACLs and 
CCLs.

Through comprehensive literature review and clini-
cal experience analysis, we propose a three-component 
injury mechanism hypothesis for MCFs with ipsilat-
eral ACJ injuries: (1) ACJ capsule and ACL disruption, 
(2) CCL rupture, and (3) clavicle fracture classified as 
Allman type I [54]. Based on the reviewed literature, 
there is general consensus that injury to the ACJ cap-
sule and ACL represents the initial event in the injury 
cascade(Fig.  3A). However, the sequence of subsequent 
events—whether the clavicle fracture or CCL rupture 
occurs next—remains controversial. We propose that this 
sequence is determined by the relative resistance of the 
clavicle and CCL to traumatic energy, which may vary 
among individuals. In scenarios where the CCL exhibits 
greater resistance to trauma than the clavicle, the clavicle 
fracture occurs first(Fig. 3B). If the residual force is suf-
ficient, subsequent rupture of the CCL may lead to ACJ 
dislocation(Fig.  3D), otherwise only an isolated clavicle 
fracture occurred, and the ACJ is likely to show a nor-
mal morphology on radiologic findings. Conversely, if 
the clavicle demonstrates greater resistance, the CCL 
ruptures first, resulting in ACJ dislocation(Fig.  3C), fol-
lowed by a clavicle fracture if the remaining force is 
adequate(Fig.  3D), otherwise the radiologic findings 
would show an isolated ACJ dislocation without a con-
current clavicle fracture.

This model explains different clinical scenarios, includ-
ing isolated clavicle fractures with no ACJ dislocation, 
isolated ACJ dislocation without clavicle fractures, and 
cases with both injuries. In cases of isolated clavicle frac-
tures, damage to the ACJ capsule and ACL may already 
be present, with the CCL remaining intact initially but 
vulnerable to subsequent rupture(Fig.  3B). These cases 
warrant particular attention, as premature initiation of 
rehabilitation without addressing the underlying ACJ 
capsule and ACL injuries may lead to delayed ACJ dislo-
cation. Although not confirmed by cadaveric and biome-
chanical studies, this hypothesis is supported by two case 
reports in which Park et al. [29] and Fulton et al. [1] both 

Fig. 2 Typical radiologic findings in midshaft fractures with associated ipsilateral acromioclavicular joint injuries. (A) AP view. (B) Coronal section 
of CT scan; (C) 3D CT reconstruction. Blue circle, type V acromioclavicular joint dislocation; red circle, displaced midshaft clavicle fracture
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documented instances of patients developing ACJ dislo-
cations after clavicle fixation.

The mechanism behind isolated ACJ dislocations is 
generally understood to involve damage to the ACJ cap-
sule, ACL, and CCL [51, 55–58]. The Rockwood classifi-
cation [59], which is widely used to classify ACJ injuries, 
categorizes them into six types based on the involve-
ment of these ligaments and the degree of dislocation. 
Higher-grade injuries, particularly types III and above, 
are associated with CCL disruption. However, intraop-
erative findings in some reviewed cases with type IV and 
type VI ACJ dislocations revealed intact CCLs [24, 41], 
challenging the assumption that higher-grade ACJ inju-
ries always correlate with complete CCL rupture. Practi-
cally, in cases of MCFs with ipsilateral ACJ injuries, the 
relationship between ACJ dislocation and CCL injury 
becomes more complex. For instance, if the CCL remains 
intact but the lateral clavicle is displaced superiorly, 
inferiorly, or entrapped in the trapezius muscle, imag-
ing findings may suggest a type III or higher-grade ACJ 
dislocation. This could lead to an overestimation of the 

ACJ injury (Fig.  4A, Fig.  4C), as complete CCL rupture 
would typically be involved in isolated type IV or V dislo-
cations. In such cases, the ACJ is likely to reduce sponta-
neously following fixation of the clavicle fracture (Fig. 4B, 
Fig.  4D), as supported by the cases of Davies et  al. [31] 
and Milchteim et al. [44]. Conversely, when the ACJ cap-
sule, ACL, and CCL are all ruptured, the medial clavicle 
may be displaced superiorly by the pull of the sterno-
cleidomastoid muscle, while the lateral clavicle, due to its 
"floating" nature, may displace inferiorly along with the 
scapula under the influence of gravity. This can create the 
illusion of ACJ integrity on imaging, leading to an under-
estimation of the injury (Fig. 5A). The true extent of the 
ACJ dislocation often becomes apparent only after clav-
icular continuity is restored (Fig. 5B), a phenomenon that 
may explain the intraoperative "delayed" ACJ dislocation 
reported by Shih et al. [20].

Notably, it should be emphasized that while our three-
component injury mechanism hypothesis for MCF 
with associated ACJ injuries provides a comprehensive 
framework for understanding the spectrum of clinical 

Fig. 3 Diagram of the proposed mechanism of injury. (A) Injury to the acromioclavicular ligament and articular capsule is the first step 
in the development of the injury; (B) if the coracoclavicular ligament is more resistant to traumatic energy than the clavicle, the clavicle fracture 
will occur at the second step, resulting in an isolated clavicle fracture if the acromioclavicular joint dislocation does not occur in the next step; (C) 
conversely, if the clavicle is more resistant to traumatic energy than the coracoclavicular ligament, rupture of the coracoclavicular ligament will 
occur at the second step, resulting in an isolated acromioclavicular joint dislocation if clavicle fracture does not occur in the next step; (D) on top 
of a clavicle fracture or acromioclavicular joint dislocation in the second step, a clavicle fracture with associated ipsilateral acromioclavicular joint 
dislocation will eventually occur if the residual traumatic energy is sufficiently high
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Fig. 4 Graphic illustration of the reason why acromioclavicular joint injuries may be overestimated when combined with ipsilateral clavicle 
fractures. (A) With the coracoclavicular ligament intact, the lateral clavicle is displaced superiorly, or it may even be firmly entrapped 
in the trapezius muscle, demonstrating a pseudo-type III acromioclavicular injury on radiographs and CT; (B) however, under these circumstances, 
the acromioclavicular joint will subsequently get reduced after the completion of the open reduction and internal fixation of clavicle fracture. 
(C) With the coracoclavicular ligament intact, the lateral clavicle is displaced inferiorly, demonstrating a pseudo-type VI acromioclavicular 
injury on radiographs and CT; (D) however, under these circumstances, the acromioclavicular joint will also subsequently get reduced 
after the completion of the open reduction and internal fixation of clavicle fracture

Fig. 5 Graphic illustration of the reason why acromioclavicular joint injuries may be underestimated or missed when combined with ipsilateral 
clavicle fractures. (A) When the clavicle fracture and the complete rupture of acromioclavicular ligament and coracoclavicular ligament occur 
simultaneously, the "floating" lateral clavicle may be displaced downward along with the scapula due to gravity and traction by regional 
muscles, causing the illusion that acromioclavicular joint is not dislocated on the radiographs and CT; (B) under such circumstances, the actual 
acromioclavicular joint injury becomes apparent after the clavicle has been restored to continuity by internal fixation, resulting in a “delayed” 
acromioclavicular joint dislocation
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presentations, this model currently lacks robust support-
ing evidence. Therefore, further well-designed biome-
chanical studies are warranted to validate this proposed 
mechanism its clinical implications.

Clinical examination
The clinical examination for such combined injuries is 
largely similar to that for isolated MCFs and ACJ disloca-
tions. Visual inspection may reveal superficial abrasions 
over the posterolateral aspect of the affected shoulder, 
as well as prominence over the middle third and lateral 
end of the clavicle. Palpation along the full length of the 
clavicle typically reveals pain and loss of continuity in the 
midclavicle, with the most prominent finding being pain 
upon palpation of the ACJ. Notably, in patients with type 
IV or VI ACJ dislocations, changes in the appearance of 
the ACJ may not be easily visible, but bony defects may 
be palpable [24, 30, 31, 35]. Moreover, the “Piano Key 
Sign” test is not recommended for diagnosis due to the 
floating nature of lateral clavicle, which makes the test 
result typically false negative and unreliable [17, 23]. In 
contrast, we recommend additional palpation around the 
coracoid, as tenderness can be commonly found follow-
ing CCL injuries.

Imaging
Radiographic evaluation of patients with suspected 
clavicle fractures should include both anteroposterior 
and lateral radiographs of the shoulder. Additionally, a 
radiograph taken with a 45-degree cephalad tilt of the 
x-ray tube, although not necessary for most patients, 
can enhance visualization of the clavicle [48, 60]. Since 
anteroposterior radiographs may not clearly show type 
IV ACJ injuries, potentially leading to underestimation 
of distal clavicle displacement, additional axillary lateral 
radiographs are recommended to assess whether the 
distal clavicle is displaced posteriorly [24, 30]. Further-
more, as suggested by Rockwood et al. [48], radiographs 
of the ACJ should be performed with about one-third 
of the kilovoltage typically used for glenohumeral joint 
radiographs.

Computer tomography (CT) of the shoulder, includ-
ing 3D reconstructions, can provide a clear view of the 
direction and extent of MCF displacement and ACJ dis-
locations, offering a comprehensive assessment of the 
pathoanatomy. CT can also identify injuries that are not 
visible on radiographs, such as type IV ACJ injuries and 
linear clavicle fractures, which are often underestimated 
on anteroposterior radiographs. Additionally, CT can 
detect other associated injuries, including acromion frac-
tures, coracoid fractures, and SCJ injuries. Based on the 
literature reviewed, we found that concurrent rib frac-
tures and hemopneumothorax were quite common in 

such combined injuries [14, 17, 21, 31, 38, 40]. Therefore, 
we recommend extending the CT scan to cover the entire 
chest, including the contralateral shoulder, to ensure a 
thorough evaluation.

Classification
There is limited knowledge regarding the classification of 
MCFs combined with ipsilateral ACJ injuries. Although 
Bakir et  al.’s [26] classification system for bipolar clavi-
cle injuries includes such combined injuries as type Ib, 
it only reflects the injury’s location and does not address 
the severity of each individual injury. Clinically, the two 
injuries are currently classified separately, as if they 
occurred in isolation. In the Allman classification system 
[54], clavicle fractures are categorized based on the loca-
tion of the fracture, with the clavicle divided into three 
equal parts, and fractures in the middle third classified as 
Allman type I. Some researchers have further sub-classi-
fied medial-third and lateral-third clavicle fractures, but 
no additional classification or subtypes for MCFs have 
been reported [6, 61].

On the other hand, the most commonly used classi-
fication for ACJ injuries is the Rockwood system [3, 51, 
55–59], which categorizes injuries into six types based on 
ligament involvement, as well as the degree and direction 
of distal clavicle displacement, with higher grades indi-
cating more severe injuries. Additionally, some research-
ers [24, 31, 34] have further categorized type VI ACJ 
dislocations into type VIa (subacromial, supracoracoid) 
and VIb (subcoracoid) based on the position of the lateral 
clavicle relative to the coracoid.

Currently, ACJ injuries in combined cases are still 
reported using the Rockwood classification. However, 
as discussed in our “Pathoanatomy and mechanism of 
injury” section, preoperative ACJ classification does not 
always accurately reflect the true extent of injury. There-
fore, a new classification system specifically address-
ing the severity of MCFs with ipsilateral ACJ injuries is 
urgently needed to guide treatment decisions.Currently, 
ACJ injuries in combined cases are generally classified 
according to the Rockwood classification system. How-
ever, as discussed in the Pathoanatomy section, preop-
erative ACJ classification sometimes fails to accurately 
capture the full extent of the injury. Consequently, there 
is an urgent need for a new classification system that can 
specifically address the severity of both MCF and con-
comitant ipsilateral ACJ injury, to more effectively guide 
treatment decisions.

Treatment
Both isolated clavicle fractures and ACJ dislocations 
can be treated with either conservative or surgical treat-
ment, depending on the severity of the injury. However, 
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due to their rarity, there are limited cohort studies on 
cases involving both injuries simultaneously, and no 
gold standard treatment has been established. In clinical 
practice, these injuries are still typically managed as two 
separate isolated injuries. The treatment modalities in the 
reviewed studies are summarized in Table 2.

Among 39 patients reported in 34 case studies, 27 
underwent bilateral surgical treatment, 4 received bilat-
eral conservative management, 5 were treated conserva-
tively for the clavicle fracture while undergoing surgery 
for the ACJ dislocation, and 3 received surgery for the 
clavicle fracture while being treated conservatively for 
the ACJ dislocation. Regarding the choice of fixation 
implants, plates and screws remain the primary approach 
for treating clavicle fractures. Of the 30 patients who 
underwent surgery for clavicle fractures, 26 received 
plate fixation, 2 were treated with intramedullary fixation 
using Knowles pins [20, 44], and the fixation implants 
were unspecified for 2 patients [46, 48]. The predomi-
nance of plate fixation can be attributed to the diffi-
culty of achieving closed reduction in clavicle fractures 
due to the floating nature of the lateral clavicle in such 
combined injuries, which makes intramedullary fixa-
tion less feasible. Furthermore, intramedullary implants 
occupy the intramedullary space of the clavicle, limiting 
the implantation of hardware for coracoclavicular fixa-
tion and further restricting its use. To address this chal-
lenge, future development of intramedullary fixation 
systems specifically designed for combined injuries may 
prove beneficial. These systems could function similarly 
to intramedullary nail systems used for long bone frac-
tures, enabling precise coracoclavicular fixation through 
an external guide following clavicle fracture fixation.

In contrast, among 32 patients who underwent sur-
gery for ACJ dislocation, 14 received coracoclavicular 
fixation only, 12 received isolated acromioclavicular fixa-
tion only, and 5 underwent both coracoclavicular and 
acromioclavicular fixation. Based on the type of inter-
nal fixation used, the fixation methods can be classified 
as rigid fixation and elastic fixation. A common form of 
rigid fixation is the hook plate for distal clavicle. How-
ever, this approach has notable drawbacks, including the 
proven risk of subacromial osteolysis [62, 63]. Addition-
ally, in the treatment of combined injuries, a positional 
conflict may arise between the hook plate used for ACJ 
fixation and the plate used for clavicle fracture stabiliza-
tion. This positional conflict could theoretically lead to 
uneven stress distribution, resulting in stress fractures of 
the clavicle. However, such a complication has not been 
observed in the limited number of cases reviewed. To 
prevent stress fractures at the junction of the two plates, 
Wijdicks et al. [40] placed a reconstruction plate on the 
anterior clavicle surface, centered at the junction, which 

successfully promoted bony healing of the clavicle frac-
ture and led to a satisfactory clinical outcome.

In recent years, with advancements in arthroscopic 
techniques and biomechanical research, elastic coraco-
clavicular fixation has gradually become the preferred 
method for managing ACJ dislocations. Representative 
fixation methods include the Endobutton, dog bone but-
ton, TightRope system, suture anchors, and autologous or 
allogeneic tendon grafts. These newer technologies and 
implants offer significant advantages, including a more 
minimally invasive surgical approach and the elimina-
tion of the need for secondary removal of metal implants. 
These innovations will provide valuable insights and 
guidance for future research, ultimately advancing the 
development of improved management strategies for 
combined injuries.

Complications and prognosis
Complications and prognosis are related to a variety 
of factors, including injury mechanism, injury severity, 
treatment modalities, surgical procedures, and postop-
erative rehabilitation. For isolated clavicle fractures, com-
mon complications include nonunion, malunion with 
an abnormal appearance, superficial or deep infection, 
numbness following iatrogenic supraclavicular nerve 
injuries, hardware failures, and re-fracture after hard-
ware removal [8, 60]. Similarly, for isolated ACJ injuries, 
common complications include hardware failures, neuro-
vascular injuries, ACJ degeneration, continued pain, and 
iatrogenic coracoid fractures [1]. Interestingly, however, 
in the case reports we reviewed, only a small number 
of patients who suffered such combined injuries experi-
enced one or more of these complications, possibly due 
to the small patient base. Detailed information is pro-
vided in Table 2.

Among the 39 patients reviewed, 37 had documented 
complications, with 11 patients experiencing complica-
tions [13, 16, 21, 25, 29, 34, 36, 38–40, 42]. Five of these 
complications occurred following conservative treatment 
for clavicle fracture, ACJ dislocation, or both [16, 21, 29, 
34, 39], while six arose after surgical treatment for both 
injuries [13, 25, 36, 38, 40, 42]. The complications were 
primarily concentrated in the ACJ, including ACJ osteo-
arthritis and the persistent widening. Notably, among all 
patients who received conservative treatment for ACJ 
injuries, only one did not experience any complications 
[31], suggesting that conservative management of ACJ 
dislocations is more prone to complications. However, 
among the patients who experienced ACJ-related com-
plications, only one underwent further surgical interven-
tion, which involved distal clavicle excision.

Regardless of the treatment approach, all clavicle 
fractures ultimately achieved bony union. The only 
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complication reported in relation to clavicle fractures 
was malunion, resulting in a deformity, which occurred 
in three patients who received conservative treatment 
[21, 34, 39]. No complications were reported in patients 
who underwent clavicle fracture fixation. However, due 
to the lack of detailed information on healing times in the 
reviewed studies, it is not possible to make a definitive 
comparison of the effectiveness of conservative versus 
surgical treatment for clavicle fractures in the context of 
combined injuries. Therefore, future research should not 
only focus on fracture healing and complication rates, 
but also consider factors such as treatment duration, 
healing times, and patients’ subjective experiences during 
treatment, in order to provide a more comprehensive and 
objective comparison.

Remarkably, all the reviewed patients ultimately 
achieved satisfactory outcomes, regardless of whether 
they were treated conservatively or surgically. Even those 
who developed complications were able to attain a fairly 
satisfactory range of motion during short- and medium-
term follow-up [16, 29, 34, 38, 42]. However, due to the 
limited number of studies that used standardized scor-
ing systems to quantify patient outcomes, and the lack 
of consistency in the scoring tools employed, it is chal-
lenging to provide a comprehensive quantitative analysis 
of the overall prognosis for this combined injury. This 
highlights the need for future studies to employ objective 
methods for assessing prognosis in order to enhance the 
value and reliability of research findings. Additionally, the 
detailed recording of limb range of motion, including the 
extent of abduction, adduction, flexion, extension, and 
rotation, should also be a focus of future studies.

Limitations
There are several limitations in our study. First, with 
regard to the search methodology, we limited our search 
to three commonly used medical literature databases, 
which inevitably led to the omission of some relevant 
studies, such as conference abstracts, unpublished man-
uscripts, or papers that have been published but are not 
yet indexed in the databases. Furthermore, due to con-
straints related to language, network access, and policy, 
we were unable to obtain articles from non-international 
journals published in different countries. Second, as our 
study focuses on a rare type of injury, we could only 
extract relevant data from a very limited number of 
case reports with short follow-up periods, which results 
in a lower level of evidence for our findings. Addition-
ally, due to the variation in treatment approaches and 
outcome measures, we were unable to pool the data for 
a meta-analysis to derive more objective conclusions. 
Nevertheless, to the best of our knowledge, this is the 
most comprehensive summary of this rare injury to date, 

which may contribute to increased awareness and ulti-
mately benefit patients. Third, in our discussion of the 
injury mechanism, we proposed a hypothesis based on 
the existing literature and our clinical experience. How-
ever, this hypothesis is not currently supported by any 
direct evidence, and further validation through biome-
chanical research, cadaveric studies, or finite element 
analysis is needed in the future.

Conclusion
MCFs with ipsilateral ACJ injuries are rare and often 
missed when the ACJ injuries are mild. This can lead to 
progressive dislocation, arthritis, and pain, often necessi-
tating revision treatments. These combined injuries typi-
cally result from high-energy trauma and are frequently 
associated with comorbidities such as rib fractures, 
hemopneumothorax, scapula fractures, and neurovas-
cular injuries, along with atypical MCF displacement 
patterns. Therefore, MCF with such comorbidities or 
atypical displacements should raise suspicion of com-
bined injuries. Notably, due to the "floating" nature of the 
lateral clavicle, the "Piano Key Sign" is often negative and 
should not be used for diagnosis. Initial ACJ evaluation 
can also be unreliable, so reevaluation after MCF fixation 
is strongly recommended to determine the final treat-
ment plan. Type IV ACJ injuries can be underestimated 
on anteroposterior radiographs, and additional axillary 
radiographs and CT scans are recommended to better 
visualize posterior clavicle displacement.

Regarding the injury sequence, it is widely believed that 
damage to the ACJ capsule and ligaments occurs first, 
but is insufficient to cause significant dislocation. We 
hypothesize that the sequence of CCL injury and MCF 
depends on their respective trauma tolerance. This sug-
gests that an isolated MCF may actually involve concur-
rent ACJ capsule and ligament injuries, with the CCL 
remaining intact. However, this hypothesis requires vali-
dation through future studies.

Based on a limited number of cases with follow-up of 
no more than two years, serious complications are rare 
in such combined injuries, regardless of whether treated 
conservatively or surgically. The majority of patients had 
favorable outcomes, and even those who experienced 
complications generally achieved a satisfactory range of 
motion. To better understand the long-term prognosis 
of such combined injuries, future studies should involve 
larger patient cohorts with follow-up of at least three 
years.
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