Wang et al. BMC Surgery (2025) 25:87 BMC Su rgery
https://doi.org/10.1186/512893-025-02815-x

) ) ) ) )]
Midshaft clavicle fractures with associated @@

ipsilateral acromioclavicular joint injuries:
a systematic review
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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 AC] 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 AC] 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

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

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 AC]J 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

Databases Searching terms

Time limits

PubMed

Web of Science
OR (AB = (acromioclavicular)))

EMBASE

(clavicle fracture[Title/Abstract]) AND (acromioclavicular[Title/Abstract])
((TI=(clavicle fracture)) OR (AB=(clavicle fracture))) AND ((TI= (acromioclavicular))

‘clavicle fracture”ab,ti AND acromioclavicular:ab,ti AND [< 1966-2024]/py

1962-01-01TO 2024-06-15
1962-01-01TO 2024-06-15

1962-01-01TO 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,
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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 AC]J 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 AC]
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 AC]J. Radiologic findings
typically show marked clavicular displacement and AC]J
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.
MCEFs 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 AC]J,
surrounded by a joint capsule and reinforced by the
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Fig. 1 PRISMA diagram showing the screening process

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
AC]J 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
AC]J frequently demonstrate inconsistencies with the
corresponding classification types in the Rockwood

M)
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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 AC]J injuries typically occur



Page 5 of 17

(2025) 25:87

Wang et al. BMC Surgery

K1buns 191)e
syuow {7

panowais syuedu| 06 21025 A3|
A19bIns Bul - -INN-1URISUOD
-inp pasoubelp NOY (N4 €70z
8 uonRedOISIP MY dlrewoidwAsy SUON 1ok | uid sapmouy| uid sapmouyy A SUON  1Uape dyjel| 709 ‘W ‘[0z] |’ 1@ YIys
A1261ns Ja1je
SYuoW 1
[SEINIVIEY
1e|d 300H 81/St 21025
A196ins Bul  19pINOYS PIOXO Elpl)
-Inp pasoubelp NOY [IN4 -1010W B W0y ‘l61]
/ 2Inoely 3PIARD  dlewoydWAsy SUON  Syluow g a1e(d BuIdO 91e|d 3ooH WA SUON |le4 10 ‘W ‘e 19 weloflepy
K19bins 191)e
Syiuow ¢ 06 2103s SISV
paAOWal NOY |14 aieid Buppo7  Joydue aining 3P 70T
8 S1eidyooH  dnewoldwAsy SUON  Syuow 9 MaJIos be 31e(d yooH A SUON  -AdIg e Woly ||e4 706 'W I81] [P 1221500
uonexy 9l
-AB|D 191 S99Mm 9
punoj uonesojsip NOY 1IN4 adoy o2 ceoe
8 DV [esd1e)isd]  dnewoldwAsy SUON  Ssyiuow 9 o1e|d BuppPO]  -ybI| SSa]I0UY SUON  -AdIq e woly ||eq 726N ‘[1] e 39 uoy N4
76 Sd1el sainoely
21025 A3[N|A qu 9diny
-JueISUOD) SDUIM JDUYDSITY Xeloy} 1207’2 1]
8 SUON  dpewoldwAsy SUON  Syiuow 9 21e|d BuPO] uonngopul A -OWwnaudowsaH  JudpIdde dUjel| 4S9 W ‘|e13 0D
/621025 A3] 2Inyoely
-IN\-1URISUOD uo|WoIde pue
NOY [IN4 uon auids sejndeds Sloz'ol]
8 SUoN  dnewoldwAsy -eiedss DV Pl SYuow / 21e|d BupPO 9AIIBAIDSUOD SN |esaiejisd|  1USpIDIE dYjel] H '8¢ ‘W RERERTNCNTWEN
Ainfur iaye uoled0|sIp
sAep € auop DS pue aIn1oely
ISEIINY ssadoud plod
K19bins 1a1ye 8 21025 §3SY 21e|d BUBDOT  SAUIM JDUYDSITY -e10D |eJa3ejisd|
SH2IM € PIAOWIRI NOY |14 MaIds uols  buijesb uopuay saindely /107 'L
8 UM IUYdSIY  dnewoldwAsy QUON  SIeaA g0 -sauidwod auQ  SNSOUIPURNUWSS A gua|diyny  JuSpIdIe DRl H7E W ‘|e 13 ellaseld
/621025 A3| A1261ns 121 ssado.d
-INJAFURISUOD)  Yuowl | oj Jeds ploJeIOD O1Ul
[PAOWIRI NOY [IN4 [e216ans Ul eisayy pauasul 3P 120z '[€1] e 12
3 alempiey oN  dnewoidwAsy -sadAyiusisuel]  s1eaf g 21e|d BUBDOT  SI0ydUR AININS 7 Al QUON  -AdIq e wolj ||eq 709 W soleled zado
juswigeas) adAp (174
L fenb uonew.oul finfui wsiueydsw ‘K ‘4/|N) apis
Apnis |euonippy synsay suonedjdwo) dn-mojjo4 3uswieasy N uonedo|sIp OV palenossy finfu]  ‘abe ‘19puan 1e3), ‘saioyiny

su0dal 9sed ¢ snoiaald Jo Alewwing g ajqel



Page 6 of 17

(2025) 25:87

Wang et al. BMC Surgery

INOY [IN4 Buyeib uopusy 610¢
/ QUON  DdhewordwAsy SUON Jeak | 91e|d BUDOT  SNSOUIPUSHWSS Al SUON  9SI0Y B Wolj ||eq qg'o9r'y | ‘T0€] e 12 YaA
SUYY sainioely b1y 9107
8 SUON NOY 1In4 -1e091s0 (DY syluow G| 1e|d bupo] SAIIRAISSUOD) Il qualdnniy - 193)-/ wouj |je4 TSSW L HGTARERER IR
WOd IInd 8]
3 SUON  dpewoldwAsy SUON Syluow g| 31e|d BupO] adoyiybi| A SUON  1udpIdde dyjel| 4'8E'W L BERERS NI
Jauuew
76 21035 A3] 1ybie-ainby e ul ain1oely
K196 -Iny-URISUOD DIIM [933S SS9 plodeiod pue
-INS J9}e SHIIM 9 NOY [IN4 -Ule1s pue snjswiny 910222
g panowal syueidw|  dnewoldwAsy SUON  Syuow 9 o1e/d BUIDOT  SBUIM JBUYDSITY [esarepisid]  Juapidde duyjel| TS9N L e 19 PWIRYS
K19bins 191je
syuow / Ysaw
PaAOWI WNOY [IN4 SIOYdUB 2INING Elp)
3 d1e|dyooH  dnewoldwAsy SQUON  Syluou / 21e|d buppPO o1e|d YooH Il QUON  -AdIq e woly ||eq %
pawioylad sem
UoI123531 3PIABD
|eJa1e] J2YLNn
K1bins 1a1)e
Syuow g uled Ysa
PaAOWI Butobuo yum si SI0YdUE 2INING ployeds 0z0T
8 sa1ejd ay | NOY IINd -UYHRO1SO DY syiuow g o1eid Bupo 91e|d yooH Al SUON  W-g e wolj|eq 4'e'W T ‘[l 1B 19 510428
10D 2R
K196 synsal
-Ins Jaye syaam /£ |edlbojolpel pue Elp) £10¢
8 paAOWal siueiduwl]  [BDIUlD JUS||9IXT QUON Syluow 7| SAIIBAISSUOD)  suld SUURWUIRIS IA SUON  -AdIq e woly ||eq Y'6L'W | ‘7] |e1s 1ssoin
NOd IInd Sloydue ining ceoe e e1e
] SUON 0 2102s HSY( SUON  Syuow 9 a1e(d BuppO adoyiybip Al SUON  1udpIdde dyjel| Y'ssYy | 1I00A 3P UBA
NOd 1Ind ¥10¢ 'Tedd
3 SUON  dnewoldwAsy SUON 1eak | a1e(d BuppO SMaIDS D) T Il SUON  udpIdde dyjel| o'W L ‘[B 39 00|0S
Alwiioep
S2IAP PIIA
uled xejoyownaud 19ppe|
€8 21005 A3] 14b1js yum bui -OWSH Sain1dely W-f B Woly 8107
8 SUON  -INN-IURISUOD  -USPIM DV PIIW  SYIUow Q| SAIIBAIISUOD SAIIRAIISUOD) M qu adiny == 40S'W L 117] e 19 997
juswigeas) adAp (/4
[fuenb uoljewiojul Aanfu wsiueydsw ‘K ‘4/|) apis
Apnis Jeuonippy synsay suonedidwo) dn-mojjo4 uswiean DN uonedo|sip MY palenossy finfu] ‘ebe4dpudn N  Jed, ‘sioyiny

(panunuod) g ajqey



Page 7 of 17

(2025) 25:87

Wang et al. BMC Surgery

uonel
-edas Dy apIm
3IAe
3pIs pa123y [e3sIp pue
-jeun syi o1 piw a4 Jo 92 5661
/ SUON [enba WOy Ajwlojpg  syuow ¢ SAIIBAISSUOD) SAIIBAIDSUOD) Ml SUON  -AdIg e Woly ||e4 TYE'W L [6€] e 19 ZUIDH
uon o1e|d
PAOWI 10U SeMm NOY |IN4  -eJsuabap pue 3DIARD DJWIO} 2IN1oelJ £1S0D €102 '[8€]
3 areidyooyayl  dnewoyduwAsy Buuspim Dy syuow gz -eue ajyoid moT 21e(d yooH [l PUODSS puRISI4  JUSPIDIE dUjel| T0SW L eI Inweikeg
Jauuew
1yb1e-ainby e uj
1ap|noys DIIM 93915 SS9
1ybu 3y3 Ul ssau -urels pue 3P 10 '[9€]
/ SUON WNOY [IN4 -Jns Buiulop 12k | 91e|d BUPBPDOT  SUMISUYDSIY LAl SUON  -AdIq e woly ||eq gory | ‘|e 19 B1S99S
2Inyoely
3|dIe|D Y61y
S2UN1DRIY IDINE|D NOY 1Ind Xeloyl 9107
[/ Yeyspiw |eaiellg  dnewordwAsy SUON JEEV 21e|d BuPO] 91e|dOOH LAl -OwnaudowsH  1uspIdde dyjel| 17¢4 | '[s€] e s buog
SISA|02150 9D
-IAB]D |e3SIP pUB wle ybu ayy ul 13pINOYs Yim
NOY |IN4 uonenbue uolesuas buy b SpJeoq ayd 2007
8 QUON  dnewoldwAsy 3PIABP YDIS  syruow Q| SAIPAISSUOD SAIIPAIDSUOD IA -up Jusisuel| 32N115 Y1lZ'W L el e uynr
Ainfuruaye €6 A9] M3IDS
SYIUOW Gz -INAFUBISUOD [eD1140D B AQ
A19BINg 00| 24025 SISV pajuswbne
Ajjemul NOY IIn4 yeub suoq @207 buis 2D 3P 910z '[c) e
8 passiw AInful Dy dnewoidwAsy SUON  Ssyluow 7z 31e|d BuPO] JIIBYIUAS Al SUON  -AdIq e WOl ||eq TEEW L pawweyoN
sain3oely ssadoud
88 21025 A3 ade1 aiql4 9SI9ASURIY DIDRI
-INN-1URISUOD uonng -oy3 aydnny
INOY [IN4 auoq Bog ainoey s10¢
3 SUON  dnewoldwAsy SUON  SYIuow ¢ | a1e(d BuppO] Adodsoiyuy Al snlawnyiybly  3uspoe dyjer| TUZW L [€€] e 10 1pey
wle ybu ay1 jo
uoneIojodSIp
3Uym Jo an|q
1uaisuey
|euoIseIdO
uonexy Yeib puey
3pIneP Jaye -01Ne 15310 ey|| 14bu ay1 jo
pasnpal Ajsnoau NOY 1Ind 21e|d BuppPO eIsayisaeled 107
g  -ewuodssem Dy dlewoldwAsy SUON  Ssyiuow g Maids be SAIIBAIDSUOD) IA JUSRIWISIU|  SIIRIS WO ||ed 4'or4 | [L€] e 32 saneqg
juswgeas) adAp (14
[fenb uoljewiojul Aanfu wsjuey>sw ‘K ‘4/|N) apis
Apnis Jeuonippy synsay suonedidwo) dn-mojjo4 uswiean DN uonedo[sip MY palenossy finfu] ‘abe49pudsn N  Jed, ‘sioyiny

(panunuod) g ajqey



Page 8 of 17

(2025) 25:87

Wang et al. BMC Surgery

K19bins 191je

syluow € BulAl
PoAOWI SeM  A|lep JO S311IAIDe
MIDS DD [ewiou pue
Ajuo  1oqe| jenuew 0} 7102 '[/]
G dlge|leAe 1oelsqy psuiniay VN 189k | o1ed buoT M3I3S 33 Al VN VN YN6L'W L 1839 [[9SMPLL
S9UWODIN0
pavodal
Ajuo -uaned VN siuejdwi VN siuejdw| €10z
v 9|ge|iear 10015QY Ki0108)5110 VN N 4140 4140 Al YN JuSpde dyjed] YN L [9r] e 39 Jjoom
NOY 1Ind Loz '[sv]
/ SUON /'L | 24025 HSYQ SUON  Syluow g 91e|d buppPO adonybi| Wyl SUON  1uspIde dujel| TSN L ‘e 19 lueMmy Ry
DV bupnpal 1aye
pa3npail A|sno G6 21025 SISy 3P4
-auejuods sem WNOY [IN4 -JOJ0W B WO} 8107 ‘[v¥]
/ ainel{  dpewordwAsy SUON  Soam 7| uid sapmouy uid sajmouy <A SUON == T8LW LRI WILYDIN
K19bins 191)e
SHS9M 8 PaAOWLI NOY 114 0661
/  suidsuuewuRls  dnewordwAsy SUON sieak ¢ SAIBAIDSUOD)  suld sUURWIUIRIS A SUON 35I0y e Wolj ||e4 7614 |1 ‘[¢7] Wnodue
A|Jea 001 sa1
-Inoe suods paz WOY [In4 uononpsl DV jo a1ed sppine 92 020¢ eyl e e
8 -Joyineun psuels  diewoldwAsy sso| 3yb1|S 1eaf | [eDJWOIRUY uonngopul Al SUON  -AdIg e Woly ||e4 T'62'W | ybeigiueygos
DD 1eIlINg NOY 114 ¥00¢
/ pay212i1S  dlewoldwAsy SUON s1eak 01 SAIIBAISSUOD)  SUIM JDUYDSITY A SUON  JedeAgpnis TTZEW L LLP] DISM3IUSIAN
UO[1eIDOSSIP
A19bins 1ayje  O€ 9102s HSYQJ J12eI0410]
syuow 9 WOY -ndeds pue ain}
PaAOWI [eWIOU AJ1BaN -DelJj Jejngeiade 19A0|[0J 32
3 d1e|dyooH  dnewoldwAsy SQUON  Syluow 9 21e|d buppPO o1e|d }ooH Al pPapIs-1yYbIY  -IYSA Ulels] ||y 79 ‘W
a1ed uononis
K19bins 1a1ye -Uodal JoLRY
syluowl o1e|d Xejoyiownaud 19 S50
pPaAOWAI  £€°€ 91035 HSYQ uon Bupdo| Jouadng saindely -0J0W B WOy €102 '[ov]
8 1e|d 300H INOY [IN4 -esedas (D PN SyauowW €1 SMa1s e a1e|d yooH Il qu adnniA Iled YW ¢ ‘1239 SPIPiM
juswigeas) adAp (/4
[fuenb uolewuojul Aanfu wsiueydsw ‘K ‘4/|) apis
Apnis Jeuonippy synsay suonedidwo) dn-mojjo4 uswiean DN uonedo|sip MY palenossy finfu] ‘ebe4dpudn N  Jed, ‘sioyiny

(panunuod) g ajqey



Page 9 of 17

(2025) 25:87

Wang et al. BMC Surgery

(s3utod z-0) 4100d pue ‘(syutod —€) poob ‘(syutod g-9) Ju3|[93X3 :53UI0d § JO D10DS WNWIXEW & YIM ‘sp10day 3seD 10y 3sIPR3YD [estesddy [eanud anisu| sb6Lg euueor sy Buisn passasse sem Ayjenb Apnis
uonduasap 311|dx paxde| 1x23 [eulblI0 3y} se ‘sBulpuy [ed160(01pel WOy P31I34Ul SM UOIRDYISSE|D UOREDOISIP (DY 3YL

uolnexy [eulalul pue uondnpal uado 4140 ‘PIPI0IAI 10U YN ‘D|qe|IRAR 10U I/ ‘D|R1INS 10U SN ‘Juswebl| JejndiA_20DeI0D 7)) ‘PURY PUE 49p|Noys ‘we dy) Jo sanljiqesig HSYa
“Ie|nJ1AR|D0DRIOD D) ‘U03BINS MOQ|F pUe JISPINOYS UedLIBWY §IS ‘JUIOf 1e|NIARIDOUIRLS (DS ‘UoIoW JO abuel Oy ‘21n1del) 3|DIAR|D Jeyspiw 4Dy Julof JejndiAeDOIWOIR DY ‘W3] T IYbU  ‘sjewsy 4 ‘sjew py

NOY 1IN4
9 QUON  dnewoldwAsy SUON 1eak | SAIBAISSUOD) SAIIBAIDSUOD) I YN 9SI0y e woly ||ed UN ‘€€ Y
NOY [IN4 DV bBuisiones
9 SuoN  dnewoldwAsy SUON sieak ¢ SAIIBAISSUOD)  suld SUURWUIRIS Al YN 9SI0y B WO} ||e4 UN 6L Y
NOY 1IN4 VN swuejdu|
9 SuoN  dnewoldwAsy SUON sieak ¢ SISe203150 MIIDS DD Al YN JuSpIdde DRl KR
SES)
-INS J9)e SHoIM 8
PaAOUWII SBM NOY [IN4 3 661
/ MII1S DD dpewoldwAsy SUON sieak € SAIIBAIISUOD MIDS DD Al UN  -AJ1g e wouy |je4 T9€'W ¥ '[8¥] e 1 ZaINM
juswgeas) adAp (/4
L fenb uonew.oul finfui wsiueydsdw ‘K ‘4/|\) apis
Apnis |euonippy synsay suonedidwod dn-mojjo4 uswiean HW uonedo|sip MY poleossy finfu] ‘ebe4dpudsn N  Jed, ‘sioyiny

(Panuiuod) zajqel



(2025) 25:87

Wang et al. BMC Surgery

Page 10 of 17

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

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 AC]J 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 AC] 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 AC] 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 AC]J dislocation if sufficient residual force is applied.
Nevertheless, While Wisniewski’s hypothesis provides a
more comprehensive explanation for MCFs with associ-
ated ipsilateral AC] 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 AC]
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 AC]J 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 AC]J 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 AC]
dislocation(Fig. 3D), otherwise only an isolated clavicle
fracture occurred, and the AC]J 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 AC]
capsule and ACL injuries may lead to delayed AC]J 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
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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

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 AC]J 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 AC]J injuries, the
relationship between AC] 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 AC]
dislocation. This could lead to an overestimation of the

AC]J 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 AC]J 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 AC]J integrity on imaging, leading to an under-
estimation of the injury (Fig. 5A). The true extent of the
AC]J dislocation often becomes apparent only after clav-
icular continuity is restored (Fig. 5B), a phenomenon that
may explain the intraoperative "delayed" AC]J 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
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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 Ill 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.

(€) 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

A

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 AC]J 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 AC]J. Notably, in patients with type
IV or VI AC]J 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 AC] 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 AC]J dis-
locations, offering a comprehensive assessment of the
pathoanatomy. CT can also identify injuries that are not
visible on radiographs, such as type IV AC]J 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
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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 AC]J 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 AC]
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 AC]J 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,
AC]J injuries in combined cases are generally classified
according to the Rockwood classification system. How-
ever, as discussed in the Pathoanatomy section, preop-
erative AC] 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 AC] 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 AC] 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 AC] 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 AC]
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
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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 AC] 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 AC]J 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 AC]J, including ACJ osteo-
arthritis and the persistent widening. Notably, among all
patients who received conservative treatment for AC]
injuries, only one did not experience any complications
[31], suggesting that conservative management of AC]
dislocations is more prone to complications. However,
among the patients who experienced AC]J-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,
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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 AC]J 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.

Abbreviations

MCF  Midshaft clavicle fractures
ACJ  Acromioclavicular joint

SdJ Sternoclavicular joint

ACL  Acromioclavicular ligament
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CCL  Coracoclavicular ligament
JBI Joanna Briggs Institute
cT Computer tomography
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