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Background: Proximal humerus fractures account for 2% of all pediatric fractures. A nonoperative approach is the treatment of
choice for most of these fractures; however, debates continue regarding the treatment of displaced fractures, especially in ado-
lescents. In this study, we aimed to examine demographic data and treatment strategies for proximal humerus fractures in the
pediatric population by conducting a meta-analysis. Additionally, we investigated the preferred surgical technique for operative
treatment.

Methods: A systematic online search of databases, including Embase, Medline, PubMed, and Cochrane Library, was conducted to
identify studies that matched our search criteria. Data collection was completed on May 1, 2022. Age, sex, degree of angulation,
Neer-Horwitz classification, Salter-Harris classification, treatment method (operative vs. nonoperative), and instrument used for
internal fixation were classified and documented. Effect size analysis was performed using odds ratios (ORs) or weighted mean dif-
ferences (WMDs) with 95% confidence intervals (Cls), based on data types.

Results: Eight studies met our inclusion criteria. Overall, 33% of the patients (n = 195) underwent operative treatment, whereas
67% of them (n = 392) received nonoperative treatment. Among the demographic risk factors, severely displaced fracture type (OR,
10.00; 95% CI, 1.56-64.22; p = 0.020) and older age (WMD, 3.26; 95% Cl, 2.29-4.23; p < 0.001) were significantly associated with
operative treatment. There was no significant difference in the preference for percutaneous pinning or intramedullary nailing, the
most frequently employed surgical techniques (OR, 5.09; 95% Cl, 0.65-39.58; p = 0.120).

Conclusions: The operative treatment rate in pediatric proximal humerus fractures was 33%, which increased to 60% in severely
displaced fractures (Neer-Horwitz grade Ill/IV). Severely displaced fractures and older age significantly contributed to the estab-
lishment of a treatment strategy for operative treatment. The choice of surgical technique may seem to be based on the anatomical
location of the fracture rather than the surgeon’s preference.
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the unique biology around the proximal humerus, as the
periosteum of an immature skeleton is metabolically ac-
tive.”” Additionally, the growth plate of the proximal hu-
merus has significant growth potential, as it governs 80%
of the bone growth. Advocates of nonoperative treatment
of fractures in the proximal humerus believed that these
biological conditions accelerated the remodeling process
at the fracture site after nonoperative treatment, regard-
less of the fracture displacement, angulation, rotation, or
translation.” Conversely, operative treatment has been tra-
ditionally recommended only to treat open fractures and
fractures associated with nerve or arterial injuries.””

However, controversy has recently arisen regard-
ing the treatment of severely displaced proximal humerus
fractures, especially in older children and adolescents. This
was primarily because severe outcomes, including pain or
discomfort, functional deficit, or subjective dissatisfaction,
have been reported in older children with this type of frac-
ture who underwent nonoperative treatment.”*” This is
possibly because these older patients have a lower remodel-
ing capacity compared to younger children.”” Additionally,
a recent trend that favors the early recovery of daily activity
has accelerated the operative treatment of these fractures.

Both unnecessary operative treatment and improper
long-term immobilization via nonoperative treatment
may harm the patient. This study aimed to examine the
demographic data and proximal humerus fracture treat-
ment strategies in the pediatric population by conducting
a meta-analysis. Additionally, we further investigated the
preferred surgical technique for operative treatment. Our
hypothesis was that operative treatment had been deter-
mined based on the degree of fracture displacement or the
patient’s age, and percutaneous pinning was the most pre-
ferred surgical technique for operative treatment.

METHODS

Data Sources and Searches
A comprehensive search on pediatric proximal humerus
fractures was performed using the Embase, Medline,
PubMed, and Cochrane Library databases up to May 1,
2022. The following terms were used in this search: “proxi-
mal humerus fractures” and “children” or “pediatric” This
meta-analysis was conducted based on the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.”

Two authors (HRS and MHS) screened each study
independently in accordance with the inclusion and ex-
clusion criteria (detailed in the following section) and

reviewed reference lists of the selected studies, reviews, or
comments to identify relevant studies. Only articles pub-
lished in English were included.

Inclusion and Exclusion Criteria

The inclusion criteria of this meta-analysis were as follows:
(1) study design (randomized or nonrandomized con-
trolled studies with level IV evidence or above); (2) study
population (patients diagnosed with proximal humerus
fractures and patients under the age of 18 years); (3) com-
parison (demographic data, outcomes, and complications
in the nonoperative and operative groups); (4) sufficient
data; and (5) language (English, full-text).

The exclusion criteria were as follows: (1) study
design (case reports, letters, reviews, conference abstracts,
editorials, and studies not including factors of interest); (2)
study population (patients with underlying diseases, such
as skeletal dysplasia, neuromuscular disease, metabolic
disorders, and bone tumors); and (3) insufficient data.

Data Extraction

Two authors (HRS and MHS) extracted the following
data from the eligible studies: (1) study design; (2) demo-
graphic characteristics data; (3) sample size; (4) follow-
up period; (5) fracture pattern; (6) treatment method; (7)
outcome; and (8) complications. The fracture pattern was
analyzed using the Neer-Horwitz classification, based on
the amount of displacement, and the Salter-Harris clas-
sification in the cases of physeal involvement.”'” Neer-
Horwitz grade III and IV fractures, which have displace-
ment equal to or greater than one-third of the shaft width,
were classified as having severe displacements. These data
were collected and analyzed, and the optimal treatment
strategies for pediatric proximal humerus fractures were
investigated.

Quality Assessment

The Cochrane co-bias tool was used to assess the bias risk
of the searched studies. HRS and MHS estimated the bias
of the studies in the following categories: (1) selective, (2)
performance, (3) attrition, (4) detection, and (5) report-
ing biases. If an appropriate reference to the study was
included, it was assessed as "the risk of bias was low." If it
lacked proper mentions, it was assessed as having a “high
risk of bias” Without proper mention, the assessment was
"indefinite risk of bias." HRS and MHS conducted their
own assessments and exchanged opinions, and differences
were resolved through discussions with other authors dur-
ing the data extraction period.
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Statistical Analysis

This meta-analysis used the Review Manager software
(version 5.3; Cochrane Collaboration, Oxford, UK). Fun-
nel plots were constructed using meta-essentials. Binary
effect size analysis was performed using the odds ratio
(OR) and its 95% confidence interval (CI). Continuous ef-
fect size analysis was performed using the weighted mean
difference (WMD) and its 95% CI. Heterogeneity was
tested using a chi-square test on Q statistics and the Hig-
gins I’ test. If there was significant heterogeneity between
the included studies, the pooled effect size was calculated
using a random-effects model (p < 0.1 or I* > 50%); oth-
erwise, a fixed-effects model was applied. Publication bias
was assessed via funnel plots.

RESULTS

Study Selection and Characteristics

A total of 738 studies were found in the Embase (182),
Medline (415), PubMed (139), and Cochrane Library (2)
databases. After excluding duplicated trials, 575 studies re-
mained as potential candidates for inclusion in our analysis.
Further, 480 studies were deleted after checking the titles
and abstracts. Eighty-seven studies were excluded due to
insufficient data. Ultimately, 8 studies were included in our
meta-analysis. Fig. 1 illustrates the selection process, and the
characteristics of the study are summarized in Table 1.

Quality Assessment of the Studies

Six studies scored 8 points on the Newcastle-Ottawa qual-
ity assessment scale, and 2 studies scored 7 points (Table 2).
Therefore, the quality of the studies was relatively high.

Incidence of Operative Treatment in Pediatric Proximal
Humerus Fractures
According to the selected 8 studies, 587 patients experi-

enced pediatric proximal humerus fractures. These frac-
tures were predominantly reported in boys (64%, n = 376),
while girls accounted for only 36% (n = 211). Overall, 33%
of the patients (n = 195) underwent operative treatment,
whereas 67% of the patients (n = 392) received nonop-
erative treatment. However, surgeons frequently chose
operative (n = 174) rather than nonoperative treatment (n
= 117) for severely displaced proximal humerus fractures
(Neer-Horwitz grade III/IV).

Operative Treatment Risk Factors in Pediatric Proximal
Humerus Fractures

Among the demographic risk factors, severely displaced
fractures (Neer-Horwitz grade III/IV; OR, 10.00; 95% CI,
1.56-64.2; p = 0.020) (Fig. 2) and older age (WMD, 3.26;
95% CI, 2.29-4.23; p < 0.001) (Fig. 3) were significantly
associated with operative treatment in pediatric proximal
humerus fractures (Table 3). However, there was no signifi-
cant difference in the preference for percutaneous pinning
or intramedullary nailing, the most frequently used surgical
techniques (OR, 5.09; 95% CI, 0.65-39.58; p = 0.120).

Publication Bias

All funnel plots were symmetric, indicating the absence of a
significant publication bias among the studies. The Egger’s
test results for each factor were p = 0.282 (treatment strategy
in severely displaced fractures) and p = 0.225 (treatment
strategy depending on age). These results show that there is
no clear evidence of publication bias in the dataset.

DISCUSSION

Controversy still exists with regard to the establishment of
a treatment strategy (operative versus nonoperative) for pe-
diatric proximal humeral fractures, particularly in severely
displaced fractures and fractures in older children and ado-

182 Embase 415 Medline 139 PubMed
search results search results search results

2 Cochrane Library
search results

'

| 575 Records after removal of duplicates |

A4

A 4

480 Records excluded
based on title and abstract
publication type

| 95 Records after screening title and abstract |

87 Full-text articles excluded

A 4

| 8 Studies included in meta-analysis |

Fig. 1. Flowchart of study selection pro-
cess.
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Operative treatment Nonoperative treatment Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, random, 95% CI M-H, random, 95% CI
Bahrs et al. 2009 31 33 1 10 18.8% 139.50[11.31, 1,720.93] — =
Baxter and Wiley 1986 5 7 25 50 22.9% 2.50[0.44, 14.12] — -
Gladstein et al. 2017 14 14 41 225 17.2%  128.93 [7.54, 2,205.00] e
Hohl 1976 1 1 8 14 14.8% 2.29[0.08, 66.02] _—
Neer and Horowitz 1965 9 22 16 67 26.3% 2.21[0.80, 6.11] 4=
Total (95% Cl) 77 366 100.0% 10.00 [1.56, 64.22] —l—
Total events ) 602 91 ) \ \ \ ,
Heterogeneity: Tau” = 3.15; Chi" = 16.28, df = 4 (p = 0.003); I"= 75% 0 (')01 0'1 1 1'0 1 600

Test for overall effect: Z=2.43 (p = 0.02)

Fig. 2. Forest plot showing the relationship between treatment strategy and fracture displacement. M-H: Mantel-Haenszel, Cl: confidence interval, df:

degrees of freedom.

Operative treatment

Nonoperative treatment

Mean difference Mean difference

Study or subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% CI 1V, fixed, 95% CI

Bahrs et al. 2009 14 33 33 124 41 10 12.2% 1.60[-1.18, 4.38]

Chaus et al. 2015 141 2.2 9 109 33 23 24.3% 3.20[1.23, 5.17] _

Gladstein et al. 2017 135 21 14 9.9 4 225 63.5% 3.60[2.38, 4.82] _—

Total (95% CI) 56 258 100.0% 3.26 [2.29, 4.23] e

Heterogeneity: Chi"=1.67,df =2 (p =0.43); '= 0%

Test for overall effect: Z = 6.58 (p < 0.001) } } } }
-4 -2 0 2 4

Fig. 3. Forest plot showing the relationship between treatment strategy and age. SD: standard deviation, Cl: confidence interval, df: degrees of freedom.

Table 3. Summary of Related Risks for Operative Treatment in Pediatric Proximal Humerus Fractures

No. of Test of difference Test of heterogeneity
Related factor studies Model
OR/WMD (95% Cl) p-value I* (%) p-value
Neer-Horwitz Il and IV 5 OR, 10.00 (1.56-64.22) 0.020* 75 0.003 R
Age 3 WMD, 3.26 (2.29-4.23) <0.001* 0 0.430 F
Surgical technique (percutaneous pinning/ 2 OR, 5.09 (0.65-39.58) 0.120 86 0.007 R

intramedullary nailing)

OR: odds ratio, WMD: weighted mean difference, Cl: confidence interval.
*Statistically significant.

of loss of reduction, even if satisfactory closed reduction
has already been achieved.”'"”” Hannonen et al.”” demon-
strated that 10 out of 286 patients who underwent primary
nonoperative treatment required delayed surgical inter-
vention due to loss of primary reduction. Eventually, unre-
solved translation displacement may lead to a decrease in
the strength and motion range of the shoulder joint as well
as humeral length discrepancy,”** particularly in older
patients.

This study also identified that older age is another
factor determining operative treatment,"”"**” as it is as-
sociated with a decrease in the remodeling capacity in
older children and adolescents.**** The cut-off age varied
from 12 to 15 years.””*"”” Neer and Horwitz” reported

that patients older than 12 years required close, careful ob-
servation to achieve satisfactory outcomes. Burgos-Flores
et al.”” demonstrated that patients older than 13 years
with severely displaced fractures were likely to experi-
ence shoulder motion limitation and dysmetria. Beringer
et al.”” emphasized the benefit of achieving anatomical
reduction in children older than 15 years. Nonoperative
treatment in these patients carries the risk of resulting in
undesirable outcomes.”” Therefore, many authors judge
these age groups as distinct patient populations and rec-
ommend strict operative treatment,**”'7*"***

These results support the operative indications in
the previous reports, which were established based on the
degree of fracture displacement and age (Table 4). All of
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Table 4. Summary of Operative Indications of Pediatric Proximal Humerus Fractures in Previous Reports

Operative indication

(1) age < 5 yr, 70° angulation and total displacement
(2) age 512 yr, 40°-70° angulation
(3) age > 12 yr, 40° angulation and 50% apposition

Age > 13 yr, marked displacement or angulation

(1) age < 12 yr, angulation greater than 60°

(2) age > 12 yr, angulation greater than 30°

Among Neer-Horwitz grade Ill and IV fractures,

(1) age < 7 yr, angulation greater than 70°
(2) age 8 to 11 yr, angulation greater than 60°
(3) age > 12 yr, angulation greater than 45°

(1) age < 10 yr, angular deformity > 60° or totally displaced

(2) age > 10 yr, angular deformity > 30° or > 10° of valgus deformity or totally displaced

Study Year
Beaty” 1992 Acceptable position
Burgos-Flores et al.?" 1993
Schwendenwein et al.” 2001
Dobbs et al.” 2003
Bahrs et al."” 2009
Shore et al.” 2015
Gladstein etal."” 2016
Binder et al.” 2016

Age > 12 yr, Neer-Horwitz grade IV or angulation greater than 40°
Age > 12 yr, Neer-Horwitz grade IV or angulation greater than 40°

Age > 11 yr, angulation greater than 20°

the studies have in common that surgical treatment is de-
termined as the fracture becomes severely displaced or the
patient ages. We have particularly concurred that Neer-
Horwitz grade IV fractures or fractures with greater than
40° of angulation in patients older than 12 years of age are
indications for operative treatment.'*"”

We could not verify which surgical technique was
the most preferred technique for operative treatment in
this meta-analysis. Proximal humerus fractures with phy-
seal involvement tended to favor percutaneous pinning, as
the healing process of physeal fractures is faster than that
of metaphyseal or diaphyseal fractures." This can allow
the leaving pins to be exposed for early removal. If the pins
need to be retained longer than usual, it is recommended
that they be buried beneath the skin. This is because if pins
remain exposed for a prolonged time, pin-tract infection
can occur. On the other hand, intramedullary nailing was
mainly considered in diaphyseal fractures. This technique
enables early rehabilitation without additional weeks-long
immobilization.” However, approximately 90% of patients
who undergo intramedullary nailing require secondary
removal surgery.' Many previous reports reported that
both surgical techniques showed safe and excellent clinical
outcomes without major complications.”'****” Therefore,
the choice between them might seem to be based entirely
on the surgeon’s judgment according to the anatomical lo-
cation of the fracture.

This meta-analysis has some limitations. First, only
8 retrospective studies were selected for the meta-analysis.

This may affect the reliability of the study results. Second,
the patients, operative indications, and preferred surgical
techniques may vary in each center. Finally, an approach
to reporting outcomes was expressed in an inconsistent
manner among the included studies; therefore, it could
not be analyzed in our meta-analysis. Despite these limita-
tions, we believe this study will broaden and deepen the
understanding of pediatric proximal humeral fractures
and provide a potential treatment strategy. However, the
definite establishment of treatment guidelines may require
further analysis using more rigorous scientific methods.

In conclusion, our results indicate that severely dis-
placed fractures and older age significantly contributed to
establishing a treatment strategy for operative treatment.
The choice of surgical technique may seem to be based on
the anatomical location of the fracture rather than the sur-
geon’s preference.
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