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Background. This is the first systematic review of the relationship between humeral shaft fractures and radial nerve palsy in
children. The present comprehensive review is aimed at identifying important clinical findings between humeral diaphysis
fractures and radial nerve injuries and assessing the effects of treatment. Methods. We searched electronic bibliographic
databases, including PubMed, the Cochrane Library, Scopus, and Web of Knowledge, until March 2022. This systematic review
was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses and the patients,
interventions, comparisons, outcomes guidelines. Results. We identified 23 original papers, of which 10 were eligible for further
analysis. Cases of 32 young patients with radial nerve palsy were identified and analyzed. The prevalence of radial nerve palsy
was 4.34% (eight cases out of 184 patients with humeral shaft fractures). The radial nerve was most often associated with a
simple transverse fracture (12A3, 17 cases (65.4%)). Conclusions. Radial nerve injury in humeral shaft fractures in children is
rare, with a frequency of 4.34%. We highly recommend early surgical nerve exploration with transverse fractures in the distal
third segment combined with primary radial palsy. Furthermore, we recommend making thoughtful decisions regarding early
nerve exploration in the Holstein-Lewis fractures. In addition, consideration of early surgical nerve exploration in fractures

resulting from high-energy trauma and open fractures despite their morphology is recommended.

1. Introduction

Humeral shaft fractures are quite rare in the pediatric popu-
lation, constituting 0.4% to 3% of pediatric fractures and
10% of humerus fractures [1, 2]. Meanwhile, humeral supra-
condylar fractures are among the most common fractures in
children, constituting around 15% of all pediatric fractures
[3]. The radial nerve, owing to its close proximity to the
bone, is at a high risk of being damaged [4]. Radial nerve
injury is the most common nerve complication among long
bone fractures, with a prevalence of 7% to 17% in adults
[5-10]. However, owing to the rarity of this condition in
skeletally immature patients, radial palsy caused by humeral
diaphysis fractures is still not comprehensively described.

There is no valid algorithm to guide surgeons in the manage-
ment of the condition. Studies on adults have shown that
such cases are complex medical problems, and no systematic
reviews have included children. Because a comprehensive
review may identify important clinical findings, we aimed
to provide a systematic review of studies on this problem.

2. Material and Methods

2.1. Search Strategy and Study Acquisition. This systematic
review was performed according to the patients, interven-
tions, comparisons, outcomes (PICO) and Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis
guidelines. PubMed, the Cochrane Library, Scopus, and
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FIGURE 1: PRISMA protocol for data acquisition.
TaBLE 1: PICO criteria used in the study.
PICO Description
Patients Patients under 18 years with humeral shaft fracture complicated with radial nerve palsy
Intervention Expectant observation or surgical exploration
Comparisons  The frequency and nature of radial nerve injury depending on the level and morphology of humeral diaphysis fracture
Outcomes The possible outcomes depending on different treatment approaches

Web of Knowledge databases were searched. Search queries
used include “humeral shaft fracture” or “humeral diaphysis
fracture”, “children” or “immature” and “radial nerve palsy”
or “radial nerve paralysis”. No filter was used. Two authors
screened the results. The initial search yielded 2,711 results.
After the preliminary revision, 23 papers were selected for
further analysis. Ten papers fulfilled the inclusion criteria
and were included in this study. The study inclusion data

is presented in Figure 1.

2.2. Inclusion and Exclusion Criteria. We used PICO
framework-based research questions for this review. The
PICO criteria used in this study are listed in Table 1. Articles
that met the predefined criteria were included. The criteria
for paper eligibility were as follows: it was published in
English, included patients younger than 18 years with
humeral shaft fracture-radial nerve palsy, and extracted data
focused on the decision-making and treatment of pediatric
patients. Articles were excluded if they were not original,
the full text was not available, were not written in English,
or did not conform to the PICO guidelines.

2.3. Data Extraction. Patient data, including age, sex,
humeral fracture type, nature of radial palsy, method of frac-
ture treatment, method of damaged nerve treatment, and its
final effect, were carefully extracted. To reduce bias, each
parameter was carefully defined and double-checked by two
authors using the Robvis Cochrane tool/ROB2 (Figures 2
and 3) [11].

The Coleman Methodology Score was used to assess the
quality of the studies. The study methodology was assessed
based on 10 criteria, giving a total score between 0 and 100
(Table 2). A score of 100 indicated that the study largely
avoided chance, various biases, and confounding factors.

3. Results

We identified 23 original papers, of which 10 were eligible
for further analysis. Thirteen studies were excluded because
of a lack of crucial data regarding pediatric patients. A list
of the excluded studies is presented in Table 3. Details of
the included studies are presented in Table 4. Four studies



BioMed Research International

Risk of bias domains

D1 | D2 | D3 D4 | D5 |Overa.ll‘
Bostman O et al. [©) © ® ® © ©
Amillo S etal. ® ® © ® ® ®
Foster RJ et al. ® ® © ® @ ®
. Ogawa BK. &) ® ® (©) ® (©)
= Noaman H et al. @® ® ©) ® () ®
3 Garg S et al. ©) ©) ©) ® ©) ®
Runner R. ® ® ® ® ® ®
Bertelli ] et al. ©) ® ©) ® ® ®
O’shaughnessy MA et al. ® ) ® ©) © S)
Wiktor £ et al. @® ® ® ® ® ®
Domains:
D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.
Judgement
— Some concerns
@ Low
FiGure 2: “Traffic light” plots of the domain-level judgements for each individual result.
Bias ariing from the randomization process [ NI
Bias due to deviations from intended interventions [ ]
Bias due to missing outcome data [N |
Bias in measurement of the outcome [
Bias in selection of the reported result NN |
Overall risk of bios |
0% 25% 50% 75% 100%
[ Low risk

[ Some concerns

FIGURE 3: Weighted bar plots of the distribution of risk-of-bias judgements within each bias domain.

exclusively included children, whereas the remaining studies
described adults and children. We identified eight retrospec-
tive studies and two case reports. From the 10 included stud-
ies, 32 skeletally immature patients with radial nerve palsy
were identified, and their data were analyzed. Based on stud-
ies describing results of humeral shaft fractures in children,
the overall prevalence of radial nerve palsy was 4.34% (8/
184 patients with humeral shaft fractures). Only one study
favored early exploration in radial palsy cases; in other stud-
ies, decision-making processes were chosen individually
with no strict guidelines. The humeral shaft was divided into
three parts: no nerve damage was found in the proximal
third, 12 radial palsies in the middle third (37.5%), and 18
palsies in the distal third (56.25%). In two cases, the precise
fracture level was not defined. Twenty-six fractures were
classified based on the Miiller AO classification of fractures
scale. Damage to the radial nerve was mostly associated with
simple transverse fracture (12A3, 17 cases (65.4%)); simple
transverse fracture occurred in the middle third (12A3b) in
ten cases (38.46%), as shown in Figure 4, and in the distal
third (12A3c) in seven cases (26.92%). We identified six sim-

ple spiral fractures (12A1), five of which were related to the
distal third (12Alc, 19.23%), as shown in Figure 5, and one
to the middle third (12A1b, 3.84%). Moreover, radial palsy
occurred in two oblique fractures located in the distal
humeral third (12A2c, 7.69%) and in one intact wedge frac-
ture located in the distal third (12B2c, 3.84%). In 25 cases,
the symptoms of radial nerve damage appeared immediately
after a humeral fracture (primary palsy), and symptoms
were delayed in seven cases (secondary palsy). In 15
(46.87%) cases, radial palsy was related to a humeral fracture
resulting from high-energy trauma; however, in 15 cases, the
mechanism of the injury was not clearly defined. There were
six open and 29 closed humeral fractures. The most com-
mon radial nerve injury was neuropraxia (11, 34.37%),
followed by neurotmesis (7, 21.87%) and nerve entrapment
(7, 21.87%), as shown in Table 5. Expectant observations
were made in 10 patients with symptoms of radial nerve
injury. Spontaneous recovery was observed in all the
patients. Primary operative treatment related to the nerve
procedure was defined as an intervention within 2 weeks
after injury. Early nerve exploration was performed in 12



TaBLE 2: Modified Coleman Methodology Score.

Part A: only one score to be given for each of the 7 sections

1.

Study size: number of patients
<30

30-50

51-100

>100

. Mean follow-up

<12mo
12-36 mo
37-60 mo
>61 mo

. Surgical approach

Different approaches used and outcomes not reported
separately

Different approaches used and outcomes reported
separately

Single approach used

. Type of study

Retrospective cohort study
Prospective cohort study
Randomized controlled trial

. Description of diagnosis

Described without percentage specified

Described with percentage specified

. Descriptions of surgical technique

Inadequate (not stated, unclear)
Fair (technique only stated)

Adequate (technique stated, details of surgical procedure
given)

. Description of postoperative rehabilitation

Described
Not described

10

10

10

10

10

Part B: scores may be given for each option in each of the 3
sections if applicable

1

. Outcome criteria

Outcome measures clearly defined
Timing of outcome assessment clearly stated
Use of outcome criteria that has reported reliability

General health measure included

. Procedure of assessing outcomes

Participants recruited
Investigator independent of surgeon
Written assessment

Completion of assessment by patients themselves with
minimal investigator assistance

. Description of subject selection process

Selection criteria reported and unbiased
Recruitment rate reported

>90%

<90%

W W NN
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patients, and late nerve exploration was performed in 10
patients (more than 14 days after the onset of nerve injury
symptoms).

4. Discussion

Humeral shaft fractures are quite rare in the pediatric popu-
lation, with an overall prevalence of 0.4% to 3% of all pedi-
atric fractures [1, 2]. The frequency of radial nerve injury
in humeral shaft fractures in adults ranges from 7% to 17%
[5-10]. Based on studies describing the results of humeral
shaft fractures in children included in our review [32, 33],
the overall prevalence of radial nerve palsy was 4.34%
(8/184 patients with humeral shaft fracture).

Based on these data, the incidence of radial nerve injury
in children is much lower than that in adults and is similar
to that reported by other authors’ studies [34, 35]. In the
present review, radial nerve injury was mostly associated
with simple transverse fracture (12A3, 17 cases, 65.4%), con-
sistent with findings in the literature [7, 36, 37]. Ten of these
were in the middle third (12A3Db, 38.46%), and seven were in
the distal third (12A3c, 26.92%). Six of the 10 simple trans-
verse fractures in the middle third were neuropraxia, with
spontaneous recovery after expectant observation. Two
patients underwent early nerve exploration and neurolysis
with full radial nerve recovery (one nerve was compressed
and one stretched). Two cases of neurotmesis were reported,
one of which was treated with delayed neurorrhaphy 92 days
after the initial injury, and the other with radial nerve recon-
struction using sural cable grafts. Functional recovery was
observed in both cases. Out of seven simple transverse frac-
tures in the distal third, only one case of neuropraxia was
followed up, and there was spontaneous recovery after
expectant observation. In two cases, early surgical neurolysis
was performed with radial nerve recovery (one bruised nerve
and one entrapped nerve). Two patients required nerve
reconstruction with sural cable grafts, with good functional
outcomes (one nerve entrapped and one lacerated). There
were two cases of early neurorrhaphy: one resulted in the
restoration of nerve function, and the other (open humeral
fracture IIIB (according to GA)) required secondary tendon
transfers due to the lack of nerve function. The analysis of
fracture types identified five simple spiral fractures related
to the distal humeral third (12A1c, Holstein-Lewis fracture,
19.23%). There were five spiral humeral fractures. Of these,
three were neuropraxic, including two cases after expectant
observation and one after unnecessary surgical exploration
(intact radial nerve) that resulted in good outcomes. The
other two cases underwent early surgical exploration and
neurolysis of the compressed nerve, combined with fracture
fixation using a dynamic compression plate. Nerve recovery
was observed in these patients. Contrary to the reports by
Holstein and Lewis and Ekholm et al. [38, 39], we found
no serious damage to the radial nerve in patients with spiral
fractures of the distal third. These observations are in line
with the reports of Whitson, which stated that the radial
nerve at the middle third of the humeral shaft was quite
mobile and there was a soft tissue protective layer between
the nerve and the humerus; therefore, radial nerve damage
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FIGURE 4: X-ray of the simple transverse humeral shaft fracture
(12A3b), most often associated with radial nerve palsy in children
(figures from the Department of Trauma and Orthopedic Surgery
database, Upper Silesian Children’s Health Center, John Paul,
Katowice, Poland).

F1GURE 5: X-ray of the spiral humeral shaft fracture at distal third
(12Alc-Holstein-Lewis fracture) usually not associated with
severe radial nerve damage in children (figures from the
Department of Trauma and Orthopedic Surgery database, Upper
Silesian Children’s Health Center, John Paul, Katowice, Poland).

at this level is generally due to neuropraxia and has a high
potential for spontaneous recovery [40]. The distal third
radial nerve passes through the lateral intermuscular septum
and stays close to the humeral diaphysis; therefore, nerve
damage caused by fracture is caused by contusion, entrap-
ment, or laceration [40]. The risk of radial nerve damage is
high in patients with open humeral fractures [5-7, 14, 41].
Four of the six cases with open humeral shaft fractures
included in the review had a radial nerve injury requiring

surgical repair (two patients with neurorrhaphy and two
patients with radial nerve reconstruction). In such cases,
early surgical exploration is justified, as it offers the possibil-
ity of direct radial nerve repair. In one of the analyzed cases
with an open fracture (type II according to the Gustilo-
Anderson open fracture classification scale), repair of the
damaged nerve was postponed until the fracture and soft tis-
sues healed due to significant wound contamination [33].
The patient regained functional recovery 15.5 months after
the initial injury. The crucial question is whether to treat
radial nerve palsy in close humeral shaft fractures conserva-
tively or surgically and whether the patient may benefit from
early nerve exploration. We could not perform any effective
analysis of the treatment methods. The valid standard of
clinical decision-making should be based on direct compar-
ison, which was not possible in our review because of the
heterogeneity of patients. The small group of patients was
also a significant problem. Noaman et al. recommended
early operative treatment (within the first 2 weeks) in cases
of open humeral fractures with radial nerve injury; fractures
of the distal third of the humerus, either transverse or obli-
que; radial nerve injury in Holstein-Lewis fractures; and
postreduction radial nerve injury [28]. Bostman et al. sup-
ported observing expectations in both immediate and sec-
ondary radial nerve palsies. In their opinion, early
exploration could be considered in fractures showing a bay-
onet position between fragments, which would result in
abundant callus formation, thereby endangering the recov-
ery of the radial nerve [24]. Amillo et al. recommended early
surgical exploration in open fractures, when open reduction
and internal fixation are necessary, in fractures associated
with vascular injury, and in cases with palsy after close
reduction of a fracture. In open fractures related to neurotm-
esis, they suggest grafting with sural nerve cable grafts. Late
nerve exploration was proposed if there were no clinical or
electrophysiological signs of nerve recovery after three
months [25]. O’Shaughnessy et al. suggested that expectant
observation is a safe course for pediatric humeral shaft frac-
tures; however, their study was based on three cases of neu-
ropraxia associated with closed humeral fractures [32]. They
referred to a meta-analysis by Shao et al., which found a 4.3-
month average wait period before surgical exploration in the
adult population [6]. Wiktor and Tomaszewski preferred
expectant observation without nerve exploration in fractures
caused by low-energy trauma. However, early surgical nerve
exploration related to fracture stabilization is recommended
in fractures after high-energy trauma [33, 42]. Moreover,
they declared that early exploration during fracture repair
is safer than delayed exploration and further reduces nerve
damage after fracture stabilization.

The main limitation is that the vast majority of the liter-
ature has focused on radial nerve palsy in humeral shaft frac-
tures in adult patients, some of whom include children.
There are only a few papers that include children; therefore,
a systematic review is very difficult.

4.1. Limitations. This study has some limitations. The main
limiting factors of the present study were the low number
of patients and the heterogeneity of the included studies.
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These limitations occurred because of the limited number of
studies available in the literature. This makes it difficult to
draw definitive conclusions.

4.2. Strengths. The main strength of this study was its nov-
elty. To our knowledge, this is the first systematic review of
radial nerve palsy associated with humeral shaft fractures
in children. It systematically summarizes the clinical find-
ings on this rare topic.

5. Conclusions

Radial nerve injury in humeral shaft fractures in children is
rare, with a frequency of 4.34%. The incidence is signifi-
cantly lower than that in adults. Radial nerve palsy is often
associated a with simple transverse humeral shaft fracture
(12A3). There is a significant difference in the nature of
radial nerve injury between transverse fractures depending
on the fracture level. Radial palsy with fractures in the mid-
dle third often takes the form of neuropraxia with spontane-
ous recovery, whereas radial injury with distal third fractures
usually requires surgical nerve exploration. Based on this, we
highly recommend the consideration of early surgical nerve
exploration for transverse fractures in the distal third com-
bined with primary radial palsy. Spiral fractures of the distal
third 12A1c (Holstein-Lewis fracture) are usually not asso-
ciated with severe radial nerve damage; therefore, we recom-
mend making thoughtful decisions about early nerve
exploration. Although the morphology of fractures resulting
from high-energy trauma and that of open fractures are
associated with a high risk of serious nerve damage, we
highly recommend the consideration of early surgical nerve
exploration.
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PRISMA: Preferred Reporting Items for Systematic Reviews
and Meta-Analyses

CRIFE: Close reduction and internal fixation

ORIF: Open reduction and internal fixation

FIN: Flexible intramedullary nailing
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GA: Gustilo-Anderson open fracture classification
scale.
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