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Abstract

Supracondylar humerus (SCH) fractures represent the most frequent elbow injury in young children. These
fractures can be treated through either closed reduction with percutaneous pinning (CRPP) or open
reduction with internal fixation (ORIF). Yet, the optimal treatment option for adolescents remains unclear.
This research contrasts the results of CRPP and ORIF treatments for distal humerus fractures in adolescents.

In June 2023, we conducted a comprehensive search of PUBMED, OVID MEDLINE, Web of Science, Cochrane
Central Register of Controlled Trials, and various trial registries without any time restrictions. We evaluated
the quality of qualifying studies using the Methodological Index for Non-randomized Studies (MINORS) and
Cochrane risk measures for bias. We extracted data particularly related to patient demographics, fracture
details, medical procedures followed, complications encountered, and the resulting outcomes.

Out of the 488 studies identified, only four satisfied the inclusion criteria. Both methods illustrated
comparable outcomes in terms of range of motion, averaging approximately 118 degrees in the ORIF group
versus a span of 114 to 128 degrees in the CRPP group. The immobilization period varied, spanning 10 to 13
days for ORIF versus 24 to 29 days for CRPP. Despite this, CRPP displayed a decreased necessity for
additional surgery. Notably, one study indicated a higher frequency of heterotopic ossification within the
ORIF group.

This review indicates that both CRPP and ORIF are effective for treating supracondylar fractures in
adolescents, yielding similar results. However, CRPP has a lower need for follow-up surgery. Future studies
with larger sample sizes are needed to solidify these findings, providing stronger guidance for treatment.

Categories: Orthopedics
Keywords: supracondylar humeral fracture, closed reduction with percutaneous pinning, open reduction with
internal fixation, adolescents, a systematic review

Introduction And Background

Supracondylar humerus (SCH) fractures are the most common elbow injury in children under 10 years old
[1], with reported instances ranging from 3.3% to 16.6% [2]. Their frequency decreases as children mature.
Recent studies found no significant differences between the outcomes of closed reduction percutaneous
pinning (CRPP) and open reduction internal fixation (ORIF) in this demographic, with infection being the
primary postoperation complication in both methods [3,4]. Neither method demonstrated a significant
advantage over the other [3]. However, studies showed significantly better outcomes for children with
Gartland type 3 SCH fractures treated with ORIF, reinforcing ORIF’s superiority over CRPP, albeit these
studies had limited sample sizes [5,6].

In contrast, a review of patients aged 10 to 17 years showed CRPP was a preferable treatment for extra-
articular fractures, leading to predictable outcomes and fewer complications than ORIF [1], which was
typically required for intra-articular fractures. However, the success recorded for surgical treatment of the
latter was not consistently excellent, often producing high complications [7].

CRPP proves reliable for adolescents with extra-articular supra-condylar fractures and is typically followed
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by three to four weeks of immobilization for children with SCH fractures [8,9]. For adults, ORIF is the
standard, as data suggest that long-term elbow immobilization negatively affects motion recovery.
Nonetheless, there’s a lack of consensus on the most effective treatment method for adolescents. Therefore,
our goal is to assess and compare the outcomes of CRPP and ORIF for distal humerus fractures in
adolescents.

Review
Materials and methods

This systematic review adhered to the guidelines of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) [10]. The study protocol was preemptively registered in the National Institute
of Health Research’s Prospective Register of Systematic Reviews, PROSPERO, under registration number
CRD42023442467 [11].

Search Strategies

The following databases were searched in June 2023: PUBMED, OVID MEDLINE, Web of Science, the
Cochrane Central Register of Controlled Trials (CENTRAL), and trial registries (ClinicalTrials.gov,
MetaRegister of Controlled Trials, Australian New Zealand Clinical Trials Registry, UMIN Clinical Trials
Registry). Both text words and medical subject heading (MeSH) terms (all fields) were used as follows: (Distal
humerus fracture OR Supracondylar Humeral Fracture) AND (open reduction OR internal fixation OR ORIF)
AND (closed reduction OR percutaneous pinning OR CRPP) AND (Adolescents OR Older children). Each
reference in the articles that were included was additionally evaluated for relevance. The most recent or
comprehensive report was utilized, where there were several published reports describing the same sample.

Eligibility Criteria

This review encompasses all cohort studies, randomized controlled trials (RCTs), and non-RCTRs published
in English without time frame restrictions that report the number of adolescent patients (10-16 years old)
undergoing CRPP and ORIF. Any study failing to meet these inclusion criteria was omitted. This exclusion
encompasses studies published in non-English languages, those that include pediatric or adult patients,
those not using CRPP or ORIF as a treatment for distal humerus fracture, those including isolated fractures
of the medial epicondyle or lateral condyle or ipsilateral limb fractures, and studies assessed as exhibiting a
high bias risk or low quality based on an analysis of study design, sample size, data collection and analysis,
and other pertinent factors.

Screening and Selection of Studies

After performing a database search, Rayyan Software processed all the collected data. Each of the four
authors independently examined the titles and abstracts of every study identified in the search to pinpoint
potentially relevant papers. Full-text articles were acquired for studies that met the inclusion criteria, and
the authors independently evaluated them for suitability. In the event of a disagreement, the senior author
was sought for resolution. The screening process was documented using a PRISMA flow diagram, including
the factors leading to exclusion.

Data Extraction

The four authors diligently extracted data from the text, tables, and figures of the studies included, utilizing
a standardized form designed in Microsoft Excel. They saved the completed data extraction form securely on
a password-protected laptop and in Google Drive. They extracted the following data: the first author,
publication details (journal name, country of origin, year of publication), study design, sample size;
participant information (age, gender, weight, co-morbidities); injury details (mechanism, open or closed
fracture status, neurological and vascular status); treatment details (type of reduction, reported
complications, revision rate, additional treatments, overall results); 1-year follow-up outcomes, and any
clinical recommendations.

Risk of Bias and Quality Assessment

Two reviewers independently used the Methodological Index for Non-randomized Studies (MINORS) to
assess the potential bias in both retrospective and prospective non-randomized studies [12]. This validated
12-item tool is designed to evaluate the integrity of non-randomized surgical studies. Simultaneously, the
quality of RCTs was assessed by two independent authors using the Cochrane risk tool for bias [13]. Each tool
was combined to give an overall risk of bias 2 (RoB2) judgment across five major domains, adhering to
established standards. Our focus was on trial design, execution, and reporting while utilizing a series of
“signaling questions” to extract pertinent information regarding the risk of bias. This was then evaluated
using an algorithm, and the findings were categorized as either “low” (all domains presenting low bias),
“some concerns” (at least one domain presenting some level of concern), or “high” (one or more domains
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presenting high risk or multiple domains raising some concerns). In cases where information was missing
from an article, the authors were contacted to provide the necessary data. Any missing content and its
potential effects on the review’s outcomes were thoroughly explained if said data could not be procured.

Results

Search Results

Figure I illustrates the data selection process. An initial search of the computerized database yielded 488
documents. Duplication led to the removal of 371 articles before screening. Of the 117 articles screened
based on title and abstract, 15 were excluded. A total of 102 articles were then selected for full-text analysis.
Among these, 93 were discarded due to unavailable or incomplete data. Following evaluation for
intervention and outcome, nine articles were deemed suitable, but five were subsequently excluded for
irrelevance. Consequently, four relevant articles were included in the current review.

[ Identification of studies via databases and registers ]
c
2 Potentially relevant studies Record_s rfemoved before
S identified and screened for screening:
-:-2 . X Duplicate records removed
= retrieval: (n=371)
S (n = 488)
=
Article selected for screening of Studies excluded after title and
title and abstract — | abstract analysis
(n=117) (n=15)
Articles selected for full text Studies excluded, with data
o analysis — | unavailable or incomplete
£ (n=102) (n=93)
(]
e
Qo
w
Articles assessed for eligibility Reports excluded:
(n=9) — | Lack of intervention or outcome
assessment (n = 5)
2
° Studies included in review
: -_—
S (n=4)

FIGURE 1: PRISMA flowchart depicting the selection of articles

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Study Characteristics

This review incorporates four eligible studies, each subjected to an independent double review. The articles
were published from 2013 (Julfigar) to 2020 (Allah Rakha), with the majority released in 2020 [14,15]. Four of
the studies included 143 cases in total: 93 cases in the ORIF group and 50 in the CRPP group.

The typical patient age ranged from approximately 11 to 16 years in Julfigar’s CRPP study [15].
Predominantly, the patients were male, with females representing less than half in all studies. None of the
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References Country

Bell et al. United
[1 States
Allah Rakha

Pakistan
etal. [14]
Mingjing Li

China
etal. [16]
Julfigar et

India
al. [15]

Study

design

Retrospective

review

Randomized

clinical trial.

Retrospective

review

Retrospective

review

cases reported any co-morbidities. The primary source of injuries was falls, although there were some
instances of road traffic accidents (RTAs) and blunt trauma injuries.

For injury classification, two studies from Allah Rakha and Mingjing Li stated that patients had Gartland
type III injuries [14,16]. Three studies reported cases of extra-articular fractures, and just one cited intra-
articular fractures. Closed fractures were reported in two studies while the others recorded both open and
closed fractures. Nerve deficits were documented in three studies while others indicated no neurological
issues.

In terms of treatment, three studies performed CRPP and ORIF procedures while one study focused solely on
ORIF. Concerning clinical outcomes, a single study reported heterotopic ossification in 33% of ORIF and 3%
of CRPP patients. No instances of revision surgeries were noted in the studies.

The average range of movement for the ORIF group was approximately 118 degrees compared to a range of
114 to 128 degrees for the CRPP group. The immobilization duration varied from 10 to 13 days in the ORIF
cases to 24 to 29 days in the CRPP cases. Subsequent surgeries varied from 27.6% to 50% in ORIF cases and
from 0% to 12.5% in the CRPP group. The average time to achieve maximum motion was about 3.8 months
for the ORIF group and 3.0 months for the CRPP group. According to one study, both ORIF and CRPP
treatments were equally effective, as indicated by Flynn’s criteria (Table I).

Total number of

Type of
i i h A Mal
patients in eacl ge Sex (Male) Outcomes T
group (CRPP or
ORIF)
ORIF CRPP ORIF  CRPP ORIF CRPP ORIF CRPP
Range of

113t 114+ 29 motion
6 38 4 (67%) Range of motion (degrees) 128+ 10. Both

1.4 1.4 (82%) (degrees.)

118+ 13.

M- 11-
4 5 - - - - Both

12 12

more

61 Using Flynn's criteria showed that the efficacy of ORIF and
83 0 than 0 ORIF
(73.5%) CRPP were the same.
10
The average Mayo Elbow Performance

0 7 0 1216 0 6 - Score (MEPS) for six patients was 85, which  CRPP

was rated as good.

TABLE 1: Study characteristics

ORIF: open reduction internal fixation; CRPP: closed reduction percutaneous pinning

Discussion

The occurrence of supracondylar humeral (SCH) fractures tends to lessen as children grow older and near
skeletal maturity [1,17]. This is because bone mass usually increases during the transition into adolescence,
which can, in turn, affect the pattern of fractures and their respective treatment plans [17]. SCH fractures are
categorized under Gartland’s criteria as either non-displaced fractures (type I), displaced fractures with an
intact posterior cortex (type II), or completely displaced fractures (type III) [18]. Extension-type fractures are
the most common form of SCH fractures. Conversely, flexion-type fractures are rare, making up only 1-10%
of all SCH fractures [17].

Nonetheless, the incidence of flexion-type SCH fractures appears to be higher in adolescents [17]. To our
knowledge, this is the first systematic review to report on the outcomes of surgical treatments for
adolescents with SCH fractures. As such, our objective is to evaluate and compare the results of CRPP and
ORIF in managing distal humerus fractures in adolescents.

Phillip et al. highlighted a decreasing trend in extra-articular injuries coupled with an increase in intra-
articular injuries as patients neared skeletal maturity [1]. Most outcome parameters, such as range of motion,
immobilization duration, need for a second surgery, and average time to maximum motion, were similar
between the two procedures. However, the need for secondary surgery was lower in the CRPP group while
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heterotopic ossification was higher in the ORIF group [1]. Hence, it is recommended to use CRPP for
displaced supracondylar humerus fractures in children [19]. Despite this, both ORIF and CRPP methods show
equivalent efficacy in SCH fracture treatment according to Flynn’s criteria [14].

Julfiqar et al. conducted CRPP for an adolescent with intercondylar fracture, which revealed a pin tract
infection treated conservatively and mild elbow stiffness [15] as compared to ORIF, as it raises the chance of
elbow stiffness and causes additional damage to the surrounding soft tissues [20-22], with a noted nerve
deficit developing in most cases including ORIF [16,22].

In conclusion, the choice between CRPP and ORIF for treating supracondylar fractures in adolescents
presents a challenge for surgeons. Existing data fails to clearly favor one method over the other.
Furthermore, it remains unclear whether adolescents should be treated as children or adults, despite our
review of studies comparing CRPP and ORIF outcomes in children and showing no significant difference
between the two approaches.

This systematic review has a few limitations. First, it only includes four studies and a single
randomized clinical trial, which restricts the breadth of data. Lastly, the variability in internal fixation
methods could lead to inconsistent outcomes.

Conclusions

In summary, the studies we reviewed show that both ORIF and CRPP are effective in treating supracondylar
fractures in adolescents, achieving similar results. However, fewer subsequent surgeries are required with
CRPP. It is important to acknowledge the limitations of our systematic review, namely, the select nature of
the studies included and the relatively small sample size. Future research comparing the two surgical
options should involve a larger sample size.
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