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Abstract

Background: Coronoid fractures often occur with complex elbow dislocations, accounting for 15% of elbow fractures.
The effectiveness of open reduction internal fixation (ORIF) versus arthroscopic-assisted reduction internal fixation
(ARIF) surgeries for coronoid fractures remains uncertain. This study aimed to compare the outcomes of these two sur-
gical approaches in treating varus posteromedial injuries.

Methods: This study was conducted and reported following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines. The study protocol was registered with PROSPERO. The primary outcomes assessed in this
study were the functional outcomes measured by the Mayo Elbow Performance Score (MEPS) and the complications
associated with each surgical approach.

Results: Analysis of the data from 759 patients included in this study revealed that the mean postoperative MEPS score
was higher in the ARIF group compared to the ORIF group (97.5 Vs. 90.7), with the mean improvement in MEPS was 16.6
points (19 for ORIF and 14.3 for ARIF). The complication rate in the ORIF group was 24.6%, while the ARIF group
reported a complication rate of 6%.

Conclusion: This study suggests that ARIF surgery can yield comparable and promising outcomes to ORIF surgery for
coronoid fractures.

Level of evidence: IV
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More concern has been raised regarding the complexity of
injury in The Regan—Morrey type I and II fractures. A recent
consensus has agreed to fix all coronoid fractures associated
with elbow instability.” Both arthroscopic-assisted reduction
internal fixation (ARIF) and open reduction internal fixation
(ORIF) may be performed for the coronoid fracture fixation.
However, there is a lack of evidence comparing ORIF and
ARIF regarding their outcomes in the same surgical
indication.

Our study aimed to compare the surgical outcome of cor-
onoid fixation in varus posteromedial injury treated with
ARIF and ORIF by evaluating functional outcome and pos-
sible complications.

Methods

Search strategy

This study was conducted and reported in accordance
with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Guidelines.® The references
to the included studies were also reviewed for cross-
referencing. The study protocol was registered in the
PROSPERO International Prospective Register of
Systematic Reviews (CRD42022385094). The PICO
of this study were as follows: P (Population): coronoid
fracture; 1 (Intervention): arthroscopic fixation; C
(Comparison): open fixation; O (Outcome): functional
outcome and complications.

A thorough literature search was performed on PubMed,
Medline (via EBSCO), ProQuest, and ScienceDirect in
September 2022 with the following search string combin-
ation: “coronoid fracture,” “fixation,” ‘“operative,”
“surgery,” and “outcome.”

Our literature search in PubMed use these specific string:
(((“coronoid"[All Fields] OR “coronoids"[All Fields])
AND (“fractur"[All Fields] OR “fractural"[All Fields] OR
“fracture s"[All Fields] OR “fractures, bone"[MeSH
Terms] OR (“fractures"[All Fields] AND “bone"[All
Fields]) OR  “bone fractures"[All Fields] OR
“fracture"[All Fields] OR “fractured"[All Fields] OR
“fractures"[All Fields] OR “fracturing"[All Fields]) AND

(“fixate"[All Fields] OR “fixated"[All Fields] OR
“fixates"[All Fields] OR “fixating"[All Fields] OR
“fixation"[All Fields] OR “fixational"[All Fields] OR

“fixations"[All Fields] OR “fixator"[All Fields] OR
“fixator s"[All Fields] OR “fixators"[All Fields])) OR
((“coronoid"[All Fields] OR “coronoids"[All Fields])
AND (“fractur"[All Fields] OR “fractural"[All Fields] OR
“fracture s"[All Fields] OR “fractures, bone"[MeSH
Terms] OR (“fractures"[All Fields] AND “bone"[All
Fields]) OR  “bone fractures"[All  Fields] OR
“fracture"[All Fields] OR “fractured"[All Fields] OR
“fractures"[All Fields] OR “fracturing"[All Fields]) AND
(“operability"[All Fields] OR “operable"[All Fields] OR

“operate"[All Fields] OR “operated"[All Fields] OR
“operates"[All Fields] OR “operating"[All Fields] OR
“operation s"[All Fields] OR “operational"[All Fields] OR
“operative"[All Fields] OR “operatively"[All Fields] OR
“operatives"[All Fields] OR “operator"[All Fields] OR
“operator s"[All Fields] OR “operators"[All Fields] OR
“surgery"[MeSH Subheading] OR “surgery"[All Fields]
OR “operations"[All Fields] OR “surgical procedures,
operative"[MeSH Terms] OR (“surgical"[All Fields] AND
“procedures"[All Fields] AND “operative"[All Fields])
OR “operative surgical procedures"[All Fields] OR
“operation"[All Fields])) OR ((“coronoid"[All Fields] OR
“coronoids"[All Fields]) AND (“fractur"[All Fields] OR
“fractural"[All Fields] OR “fracture s"[All Fields] OR
“fractures, bone"[MeSH Terms] OR (“fractures"[All
Fields] AND “bone"[All Fields]) OR “bone fractures"[All
Fields] OR “fracture"[All Fields] OR “fractured"[All
Fields] OR “fractures"[All Fields] OR “fracturing"[All
Fields]) AND (“surgical procedures, operative"[MeSH
Terms] OR (“surgical"[All Fields] AND “procedures"[All
Fields] AND “operative"[All Fields]) OR “operative sur-
gical procedures"[All Fields] OR “surgical"[All Fields]
OR “surgically"[All Fields] OR “surgicals"[All Fields])
AND (“outcome"[All Fields] OR “outcomes"[All
Fields))))

Study selection

All included studies in this investigation contained ori-
ginal data published in English within the past 20 years.
The studies that were included focused on investigating
the outcomes of coronoid fixation using either an arthro-
scopic or open approach for coronoid fractures, with or
without posteromedial rotatory injuries. The following
type of studies were excluded from the investigation:
studies published before 2002, studies not in English,
studies specifically related to terrible triad injury, trans-
olecranon fracture, radial head arthroplasty, elbow frac-
ture involving more than three columns of the elbows as
described by Ring et al.,’ studies involving associated
musculoskeletal procedures at the time of surgery
(lateral or medial ligament repair or reconstruction, capsule
plication, or bony procedures such as radial head), and
animal studies.

Quality appraisal and risk of bias assessment

Two independent authors (orthopedic surgery resident
and intern) were responsible for the identification, selec-
tion, data extraction, and quality assessment processes.
In case of conflicting opinions between the reviewers,
reassessment and discussion with another author were
conducted to reach a resolution. The quality analysis of
the literature was evaluated using the methodologic
index for non-randomized studies (MINORS). The
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MINORS includes a 12-item checklist for assessing meth-
odological quality, consisting of eight common items and
four additional items.'® Each item is scored on a scale
from O to 2, with a maximum score of 16 points for non-
comparative studies and 24 points for comparative
studies. Since there is no specific cutoff point for scoring,
we considered a study to be high quality if scored >60%
(9 out of 16). The level of evidence was determined
using the Oxford Centre for Evidence-Based Medicine
Guideline 2011.""

Data extraction and analysis

Data were extracted from the text, figures, tables, and asso-
ciated supplementary files of each included study. These
data encompassed the following aspects: (a) article and
demographic characteristics (number of patients, number
of elbows, mean age, and gender), (b) surgical characteris-
tics, (c) functional outcomes, (d) complications, and (e) rate
of return to activities. The primary clinical outcome focused
on the functional scores for the ARIF group compared to
the ORIF group. Subgroup analysis was performed within
the ORIF group to assess surgical approaches and fixation
techniques.

Statistical ~ analysis was conducted using the
OpenMeta-Analyst software to obtain combined results.
The I? value was used to assess heterogeneity between
studies. A random effects model was employed to assess
the outcomes in this meta-analysis. Forest plots were uti-
lized for data visualization and outcome identification.
Significance was determined as p-values <0.05.

Results

Study selection

A total of 1055 studies were initially retrieved during
the screening process (Figure 1). After excluding dupli-
cates, 859 studies remained. Subsequently, 827 records
were removed based on abstract screening. Out of the
remaining 31 studies, one article did not provide a
description of the outcome measures,'> one article was
without full text,13 and three articles only focused on
imaging analysis.'*"'® The search strategy is summarized
in Figure 1.

Quality assessment of the study

The level of evidence was assessed using the Oxford Centre
for Evidence-Based Medicine Guideline 2011, which found
levels 3—4 of evidence in the included studies.'' The
MINORS quality criteria from studies are described in
Figure 2. Among the included studies, there were seven
articles describing the ARIF approach and 18 articles
describing the ORIF approach.

Demographic characteristics

The characteristics of twenty-five studies included in our
study are presented in Tables 1 and 2. A total of 759 patients
(66 ARIF patients and 693 ORIF patients) were included in
the current study. The selected studies were published
between 2007 and 2022. The postoperative range of
motion was found to be higher in the ARIF group (142.0
+6.8 (124-150)) than in the ORIF group 115.1+12.5
(94.4-135).

Functional outcomes

The Mayo Elbow Performance Score

The mean improvement in Mayo Elbow Performance Score
(MEPS) was 16.6 points (19 for ORIF and 14.3 for ARIF)
as shown in table 3. There were no details regarding the
time patients were evaluated. The mean postoperative
MEPS was found to be higher in the ARIF group (97.5,
95% CI: 95.9, 99.2, ’=85.86%, p=0.016) (Figure 3)
compared to the ORIF group (90.7, 95% CI: 88.7, 92.7,
I*=100%, p<0.001) (Figure 4).

Complications

Out of the 759 patients included in the study, a total of 176
complications were observed. These complications were
classified into several categories, including joint symptoms
(such as heterotopic ossification (HO), stiffness/contracture,
persistent instability, and posttraumatic arthritis/degenerative
changes), bone healing impairment (including delayed union,
malunion, and non-union), infection, nerve symptoms, hard-
ware issues (such as fixation failure/loosening and promin-
ence), and other complications.

In the ORIF group, 172 complications were reported
(24.8% of patients), encompassing joint symptoms, bone
healing impairment, infection, nerve symptoms, hardware
issues, and other complications (Table 4). On the other
hand, the ARIF group had four complications (6% of
patients), consisting of joint symptoms and nerve symptoms.

Discussion

The current meta-analysis demonstrates that surgical fix-
ation for coronoid fracture using ARIF leads to better surgi-
cal outcomes compared to ORIF. The meta-analysis reveals
that ARIF is associated with greater postoperative range of
motion, superior functional scores, and a lower complica-
tion rate in comparison to ORIF for coronoid fracture
fixation.

Surgical fixation of coronoid fractures that cause ulno-
humeral joint instability or subluxation is recommended
to facilitate early motion and prevent elbow stiffness.'’
Both arthroscopic-assisted and open reduction approaches



E Shoulder & Elbow 0(0)

Studies induded in roview
(n=25)

Included

| Identification of studies via databases and registers |
c
2 Records identified from: Records removed before
Pubmed: 678 »| Screening:
% Medline via EBSCO: 375 Duplicate records removed
i Ccchrane: 2 (n = 198)
\ 4
P
Records screened
(n = 857)
_g Reports excluded:
Outcome measured was not
e described (n =1)
! Regorts assessed for eligibilty E— Bl txd weas nit avaiatic
@| | (=30 (h=1)
Imaging study (n = 3)

Figure I. PRISMA flow chart. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

can be utilized for surgical treatment of coronoid fractures.
However, surgical management of coronoid fractures poses
challenges due to limited surgical accessibility. Literatures
have described favorable outcomes with ORIF of coronoid
fractures.*® '8 Arthroscopic-assisted surgery for coron-
oid fractures provides excellent intraarticular visualization
and is a minimally invasive procedure that minimize exten-
sive soft tissue dissection.** Previous reports have indicated
that large flaps and additional skin incisions are associated
with complications such as neurovascular injuries, seromas,
hematomas, or skin necrosis.>>3°

Previous reports have demonstrated good to excellent func-
tional outcomes with arthroscopic fixation for coronoid

fractures in four patients.®” Lee et al. conducted a study on
10 patients and reported excellent MEPS scores within a
short follow-up time of 12 weeks.*® Domos et al. observed
MEPS scores of 79 in a group of 22 patients.”® Additionally,
Oh et al. found that patients treated with ARIF had higher
MEPS scores (93 vs. 91) and experienced fewer complications
compared to those treated with ORIF.>* In line with these find-
ings, the current meta-analysis indicates a higher MEPS score
in the ARIF group (97.5) compared to the ORIF group (90.7).
The pre-operative MEPS were found to be higher in the ARIF
group since mostly, the time of injury of patients in ARIF
group was more recent (Acute to sub-acute) compared to
that of patients in the ORIF group. It was also found that
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Figure 2. Distribution of MINORS scores and the range of studies considered high quality. MINORS: methodologic index for
non-randomized studies.

Table |. Demographic characteristics of the studies.
ARIF Group ORIF Group
Number of patients 66 693
Average waiting time (days) 9+22 (5-12) 43+0.5 (2.5-7)
Mean follow-up (months) 23.6+6.8 (10-31.8) 16.3 +9.4 (9.47-68.4)
Average age (years) 432+7.0 (26.649.9) 38.5+5.3 (23-47.7)

ORIF: open reduction internal fixation; ARIF: arthroscopic-assisted reduction internal fixation.

Table 2. Post-operative characteristics of the studies.

ARIF Group ORIF Group

Post-operative motion arc (degree) 142.0 + 6.8 (124-150) 115.1 £12.5 (94.4-135)
Mean union time (months) 19.7+5.7 (12-24) 11.9+1.8 (7.8-16.3)
Return to activities (%) 943+ 11.8 97.2+38

ORIF: open reduction internal fixation; ARIF: arthroscopic-assisted reduction internal fixation.
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patients in the ORIF group sustained the severest injury (based
on the Regan—Morrey Classification) compared to those of in
the ARIF group. Therefore, the mean improvement was found
to be lower in the ARIF group. We also hypothesize that
this improvement can be attributed to the reduced surgical dis-
section of the soft tissues surrounding the elbow during

Table 3. The comparison of MEPS between ARIF and ORIF
groups.

ORIF Group ARIF Group

Preoperative MEPS 87 97.5
Postoperative MEPS 82 90.7

ORIF: open reduction internal fixation; ARIF: arthroscopic-assisted
reduction internal fixation; MEPS: Mayo Elbow Performance Score.

arthroscopic procedures, leading to minimized pain and
enhanced postoperative rehabilitation.

Early mobilization is advantageous in order to avoid
poor outcomes such as persistent stiffness, pain, and loss
of function, as observed in individuals with prolonged
immobilization (over 3-4 weeks).” The decision to pre-
scribe early mobilization to patients is determined by the
stability of the fixation and the extent of soft tissue dissec-
tion during surgery. Oh et al. compared ARIF versus ORIF
for coronoid fractures and found that elbow flexion was
greater in the arthroscopic group (140° vs. 130°; p=
0.04), despite similar outcomes at the 2-year follow-up.**
In the current meta-analysis, a greater postoperative range
of motion was observed following coronoid fixation with
ARIF (142°) compared to the ORIF group (115°). In
terms of soft tissue preservation, ARIF may provide add-
itional benefits as it allows fixation of the coronoid
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Figure 3. The Mayo Elbow Performance Score (MEPS) of ARIF group. ARIF: arthroscopic-assisted reduction internal fixation.
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Table 4. The complication rate between ARIF and ORIF groups.

ORIF Group ARIF Group

(%) (%)
No complication 752 94
Joint symptoms 13.8 32
Joint stiffness 18.4 -
Heterotopic ossification 40 100
Persistent instability
Degenerative changes 16.6 -

25 -
Bone-healing 4.2 -

impairments

Infection 0.3 -
Nerve symptoms 1.2 32
Hardware issues 3.6 -
Others 1.9 -

ORIF: open reduction internal fixation; ARIF: arthroscopic-assisted
reduction internal fixation.

without major insult to the anterior capsule. The advantage
of avoiding extensive surgical approaches and unnecessary
damage to surrounding soft tissues facilitates early motion
and contributes to reduced pain, enabling early rehabilita-
tion.** A retrospective study by Choi et al. reported that
patients treated with the ARIF approach were able to initiate
range of motion exercises earlier due to the shorter recovery
time compared to the ORIF approach.*!

The fracture union time is significantly shorter in the
ORIF group compared to the ARIF group (11.9 vs. 19.7
months), with no cases of non-union reported in either
group. In our study, plate and screw fixation were predom-
inantly used in the ORIF group, while the ARIF group uti-
lized cannulated screws and Kirschner wire augmented with
suture fixation. The main goals of coronoid fixation surgery
are to achieve anatomic reduction and stable fixation. The
use of more stable fixation techniques in the ORIF group,
such as plate and screw, may contribute to the shorter
union time.?” Chen et al. have described plate and screw fix-
ation as superior options that provide rigid fixation, which
is crucial for promoting bone healing.’® However, it is
important to note that the bone healing process is influenced
by multiple factors and cannot solely rely on the type of fix-
ation used. Patient-related factors such as age, comorbid-
ities, and lifestyle, as well as injury-related factors such as
fracture type, severity, and timing of injury, also play sig-
nificant roles in fracture healing.*

The return to activities rate in the current study showed no
statistical difference between the ORIF group (97.2%) and the
ARIF group (94.3%). However, there was insufficient data
available regarding the duration of returning to activities
since not all studies provided this information. The timing
of return to activities is typically determined by the surgeon’s
discretion, which often takes into account factors such as the
type of surgery performed and the functional and radiological
outcomes. The shorter union time observed in the ORIF group
may contribute to a higher rate of return to activities compared
to the ARIF group. Klug et al. reported excellent return to
activities rates in 24 patients who underwent open surgery
using a pre-formed buttress plate, with 90% of patients return-
ing to their pre-traumatic activities. Only one patient experi-
enced postoperative ulnar dysesthesia, which fully resolved
within 3 months.”’

Complications

Heterotopic ossification. HO remains a challenging compli-
cation following elbow trauma and surgery. While certain
risk factors for the development of HO, such as central
nervous system injury and severe burn injuries, have been
identified, surgical intervention has also been implicated
in HO formation. Direct trauma to the soft tissues surround-
ing the elbow joint can induce the formation of HO by upre-
gulating inflammatory markers. Therefore, extensive soft
tissue injury caused by surgery further increases the risk
of HO development.* In our study, joint complications
related to HO were significantly higher in the ORIF group
(13.8%) compared to the ARIF group (3.2%). Agarwal
et al. found that the incidence of HO increases in patients
who undergo more invasive surgeries, which is directly
related to the extent of soft tissue insult.***> Conversely,
arthroscopic-assisted coronoid fixation procedures have
been associated with a lower incidence of HO formation.
Xu et al. and Sorkin et al. reported zero incidences of HO
following arthroscopic surgery for coronoid fixation.*®*”
Adams et al. also concluded that one in seven patients
who underwent arthroscopic fixation for coronoid fractures
experienced HO.?’

Recurrent instability. The humeral-ulnar articulation, along
with the radial head and the medial collateral ligament, plays
a crucial role in maintaining elbow stability, with the anterior
buttress provided by the coronoid process being particularly
important. According to Morrey’s classification, the coronoid
process acts as one of the elbow stabilizers. Therefore, achiev-
ing adequate reduction and fixation in cases of coronoid frac-
ture is imperative for restoring elbow stability.***’ Karbach
et al. also emphasized the significant role of the joint capsule
in elbow joint stability.”® Preserving the integrity of the joint
capsule is likely more achievable through arthroscopic-assisted
fracture fixation surgery compared to an open approach.
In our current study, there were six cases in the ORIF group
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(16.6%)°" that experienced recurrent instability following cor-
onoid fracture, while there were no cases of recurrent instabil-
ity in the ARIF group. Agarwal et al. also noted that although
plate and screws provide more stable and adequate fixation, the
less invasive nature of arthroscopically assisted surgery could
reduce the extent of soft tissue damage, including damage to
the joint capsule.**

As mentioned earlier, due to the limited number of
patients and the variability in fracture types, we cannot
definitively conclude whether one procedure is superior to
another. However, Lanzerath et al. found no significant dif-
ference in functional outcomes between different techni-
ques used in the surgical treatment of coronoid fractures.’
Considering the similar radiological findings observed in
both the open and arthroscopic groups, the arthroscopic
technique offers advantages in terms of lower complication
rates and shorter post-surgical recovery time. On the other
hand, the open technique may be more suitable for more
complex cases or when there is concomitant injury to the
elbow joint that requires additional extra-articular recon-
struction,”>~>°

It is important to note that arthroscopic surgery is consid-
ered more technically demanding and requires a surgeon
with advanced skills and experience to achieve optimal
results and minimize arthroscopic-related complications.?”**

Strength and limitations

As the first meta-analysis comparing ARIF and ORIF in
coronoid fixation, our study has several strengths. We con-
ducted a comprehensive literature search using three large
databases and included 26 studies in our analysis, providing
a comprehensive overview of the available evidence. We
structured the data from the included articles in a systematic
manner, enhancing the reliability and clarity of our findings.
However, it is important to acknowledge the limitations of
our study. We had a relatively small number of patients
included, with a total of 430 elbows analyzed (68 in the
arthroscopic group and 362 in the open group). This
small sample size may limit the generalizability of our
results and the statistical power to detect small differences
between the groups. One possible reason for the limited
number of patients in the arthroscopic group is the technical
complexity associated with arthroscopic procedures,
leading to a lower frequency of their performance compared
to the open approach. Furthermore, the heterogeneity in sur-
gical fixations and approaches across the included studies
also poses a challenge in making direct comparisons and
determining the superiority of each technique. The variabil-
ity in surgical techniques and fixation methods may intro-
duce additional confounding factors that could impact the
outcomes. There was also no detail regarding the timing
of examination in the included article. To address these lim-
itations, future studies should aim to have a higher level of
evidence in the coronoid fixation approach and a larger

sample size. Conducting well-designed prospective
studies with standardized protocols and larger patient
cohorts comparing open and arthroscopic techniques will
provide more robust evidence to guide clinical decision-
making in the management of coronoid fractures.

Conclusion

This meta-analysis study demonstrates that arthroscopically
assisted coronoid fixation yields comparable surgical out-
comes to open surgery fixation.
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