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Abstract

Background and purpose Humeral shaft fractures are often associated with radial nerve palsy (RNP) (8-16%). The primary
aim of this systematic review was to assess the incidence of primary and secondary RNP in closed humeral shaft fractures.
The secondary aim was to compare the recovery rate of primary RNP and the incidence of secondary RNP between opera-
tive and non-operative treatment.

Methods A systematic literature search was performed in ‘Trip Database’, ‘Embase’ and ‘PubMed’ to identify original
studies reporting on RNP in closed humeral shaft fractures. The Coleman Methodology Score was used to grade the qual-
ity of the studies. The incidence and recovery of RNP, fracture characteristics and treatment characteristics were extracted.
Chi-square and Fisher exact tests were used to compare operative versus non-operative treatment.

Results Forty studies reporting on 1758 patients with closed humeral shaft fractures were included. The incidence of primary
RNP was 10%. There was no difference in the recovery rate of primary RNP when comparing operative treatment with radial
nerve exploration (98%) versus non-operative treatment (91%) (p =0.29). The incidence of secondary RNP after operative
and non-operative treatment was 4% and 0.4%, respectively (p <0.01).

Interpretation One-in-ten patients with a closed humeral shaft fracture has an associated primary RNP, of which >90%
recovers without the need of (re-)intervention. No beneficial effect of early exploration on the recovery of primary RNP could
be demonstrated when comparing patients managed non-operatively with those explored early. Patients managed operatively
for closed humeral shaft fractures have a higher risk of developing secondary RNP.

Level of evidence Level IV; Systematic Review.

Keywords Humerus - Radial nerve - Humeral shaft fracture - Fracture - Nerve palsy - Nerve injury

Introduction

Humeral shaft fractures account for 1-3% of all fractures [1].
The incidence, 14 per 100,000 per year [1, 2], has increased
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Though frequently seen, it remains unclear what the best
treatment strategy for RNP associated with humeral shaft
fractures is. Some recommend conservative management
based on the experience that RNP often resolves spontane-
ously. A primary RNP following a closed humeral shaft frac-
ture has been reported to recover in>70% [4, 6, 7]. Others
suggest surgical management. They state early exploration
can aid in diagnosing the type of RNP (e.g., neuropraxia)
and may be associated with a reduced risk of nerve entrap-
ment by scar tissue or exuberant callus [4, 6]. Early explora-
tion also gives the opportunity to repair a lacerated nerve at
an early stage, which may result in better outcome [6].

The most recent review investigating RNP in humeral
shaft fractures dates to 2013 [5]; however, over the last
6 years 20 studies have been added to potentially contribute
to our understanding [8—27]. Therefore, the primary aim of
this study was to systematically review all contemporary evi-
dence to assess the incidence and recovery rate of primary
and secondary RNP in closed humeral shaft fractures. The
secondary aim was to compare the recovery rate of primary
RNP and the incidence of secondary RNP between operative
and non-operative treatment.

Materials and methods
Protocol

This study adhered to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines

[28]. A study protocol was created prior to commencement
of the study. The protocol was not registered.

Selection criteria

All original studies that assessed the outcome of operative
or non-operative treatment of traumatic humeral shaft frac-
tures were included. Studies had to report on the presence or
absence of primary or secondary RNP to be included. Only
studies including at least ten adult (i.e., > 18 years) patients
with closed, non-pathological humeral shaft fractures were
included. Studies that reported solely on patients with RNP
were excluded to avoid selection bias. The inclusion and
exclusion criteria are summarized in Table 1.

Literature search strategy

In collaboration with a clinical librarian ‘Trip database’,
‘PubMed’ and ‘Embase’ were searched to gather all avail-
able evidence on primary and secondary RNP associated
with closed humeral shaft fractures. Details of the searches
are displayed in Table 2. Searches were limited to English,
German and Dutch papers, published since 1990. Searches
were updated until 11 June 2019. Reference lists of included
studies were manually searched to assure no studies meeting
inclusion criteria were missed.

Screening for eligibility

Two authors (LH and NH) independently screened the title,
abstracts and full texts of the studies for eligibility based on

Table 1 Inclusion and exclusion
criteria

Inclusion criteria

Exclusion criteria

Studies including > 10 adult (> 18 years) patients Studies not reporting on the presence or absence of RNP
with closed, traumatic humeral shaft fractures

Cohort studies, case series, RCTs

Studies not reporting on the length of follow-up
Open fracture, pathological fractures, non-union

Table 2 Literature search PubMed, Embase and Trip

Database Search terms

PubMed ("Humerus"[Mesh] OR Humer*)

AND

(("Radial Nerve"[Mesh]) OR (Radial AND (nerve OR nerves OR nervus OR nervous OR neuropathy OR

palsy OR palsies OR paralys*)))
AND

(("Fractures, Bone"[Mesh]) OR Fractur®)

humer*
AND

Embase and Trip

(radial AND (nerve OR nerves OR nervus OR nervous OR neuropathy OR palsy OR palsies OR paralys*))

AND
fractur*
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predetermined inclusion- and exclusion criteria. Disagree-
ment was resolved by discussion. If no consensus could be
reached, a senior author (MB) gave the final verdict.

Assessment of quality

Two authors (LH and NH) independently assessed the qual-
ity of the studies using the ‘Coleman Methodology Score’
[29]. The ‘Coleman Methodology Score’ was adjusted to
make it more suitable for the studies in the systematic review
(Appendix A). The total score corresponded to either a poor
(0-49), fair (50-69), good (70-84), or excellent (85-100)
quality of the study. Mismatches in assigned scores were dis-
cussed by two authors (LH and NH). If no agreement could
be reached, a senior author made the final decision (MB).

Data extraction

The following data were extracted from the included stud-
ies by one author (LH) and validated by a second author
(NH): study characteristics, study design, patient charac-
teristics, fracture characteristics, primary RNP, secondary
RNP, recovery of RNP, time to recovery of RNP, type of
treatment and type of approach used. Surgical approaches
were categorized into three groups: (1) anterolateral (i.e.
minimally invasive anterior, open anterolateral and open
extended deltopectoral); (2) posterior (i.e., open posterior
and minimally invasive posterior); and (3) lateral (i.e., lateral
open). A more detailed description of the extracted data is
displayed in the appendix (Appendix B).

Statistical analysis

Results were summarized as absolute numbers with per-
centages. Patients with primary radial neve palsy were not
included in the analysis of the incidence of secondary RNP.
Fisher’s exact tests and Chi-square tests were used to com-
pare the recovery rate of primary RNP and the incidence of
secondary RNP in operative versus non-operative treatment
of closed humeral shaft fractures.

Results
Study selection

1052 unique studies were identified, of which 37 met the
inclusion criteria. Three additional studies were identified
through cross-referencing, resulting in the final inclusion
of 40 studies [8-27, 30—49]. The flowchart of the selection
process is displayed in Fig. 1.

Critical appraisal

Median Coleman score was 56 (range 22-91), indicating
a fair overall quality of included studies. 12 studies were
ranked poor [9-11, 21, 34-39, 47, 49], 24 studies were
ranked fair [8, 12, 14-18, 20, 22-27, 30-33, 40, 41, 43, 45,
46, 48], 3 studies were ranked good [13, 42, 44] and 1 study
was ranked excellent [19].

Study characteristics

The 40 included studies described 1758 patients with closed
humeral shaft fractures. Study sizes ranged from 10 to 212
patients. Follow-up varied from 3 to 75 months.

There were four randomized controlled trials (RCTs) [13,
19, 41, 42], six prospective studies [8, 12, 43—-46] and 30
retrospective studies [9-11, 14—18, 20-27, 3040, 47-49].
One study was written in German [49], and the remaining
studies were written in English. 24 studies were conducted
in Asia [11-13, 15-18, 20, 22-25, 27, 30, 31, 33, 36-38,
40-42, 44, 46, 48], six in Europe [21, 32, 39, 45, 47, 49],
five in South-America [14, 19, 26, 34, 43], three in North-
America [9, 10, 35] and one in Africa [8].

Two studies reported solely on the effect of non-operative
management [20, 45], five studies reported on the effect of
operative and non-operative management [9, 10, 19, 35, 47]
and the remaining studies reported on the effect of one or
more surgical interventions [8, 11-18, 21-27, 30-34, 3646,
48, 49]. Study characteristics are displayed in Appendix C.

Incidence primary RNP

22 studies reported on primary RNP [9-12, 14, 16, 18, 20,
22,23, 26, 33-35,37-40, 43, 45, 47, 49]. These studies con-
sisted of 922 patients of which 88 presented with primary
RNP (10%) (Table 3).

Primary RNP was reported in O out of 17 proximal 1/3rd,
5 out of 67 middle 1/3rd and 19 out of 152 (13%) distal 1/3rd
humeral shaft fractures (Table 4).

Primary RNP was seen in 10 out of 62 spiral, 3 out of 25
oblique, 2 out of 47 transverse and 5 out of 97 comminuted
humeral shaft fractures.

Recovery of primary RNP

The overall recovery rate of primary RNP was 94%
(Table 3). The longest time to full spontaneous recovery of
primary RNP reported was 12 months [10].

The recovery rate of primary RNP in non-operatively
managed humeral shaft fractures was 91%. In 21 out of 23
cases the radial nerve showed full recovery without rein-
tervention. Definitive management of the patients without
recovery of primary RNP was not reported [10, 20].
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Fig. 1 Flow chart of study
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Table 3 Incidence and recovery rate of primary radial nerve palsy in
closed humeral shaft fractures

Overall  Non-operative Operative p value
N=922% N=240 N=682
Primary RNP, n (%) 88 (10%) 23 (10%) 65 (10%)
Recovery without 83 (94%) 21 (91%) 62 (95%) 0.60

re-intervention,

n (%)

218 studies (n=836) excluded patients with primary radial nerve
palsy and are not included in this analysis

The recovery rate of primary RNP in operatively treated
humeral shaft fractures was 95%. 62 out of 65 primary RNPs
showed full recovery without reintervention. In 41 of these
65, the radial nerve was explored during surgery, of which
40 (98%) showed full recovery. One of three patients not

@ Springer
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Table 4 Fracture characteristics and primary radial nerve palsy

N Primary RNP

Fracture location

Proximal 1/3 17 0

Middle 1/3 67 5

Distal 1/3 152 19 (13%)
Fracture type

Spiral 62 10

Oblique 25 3

Transverse 47

Comminuted 97 5

recovering from primary RNP after initial operative treat-
ment was managed with a tendon transfer after 6-months
[35], another patient underwent radial nerve exploration
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after 3 months during which the radial nerve was released
from callus [37]. In the third patient, definitive management
was not reported [10].

There was no significant difference in the recovery rate
of primary RNP for the initial operative or non-operative
treatment of closed humeral shaft fractures (p =0.60),
nor was there a difference when operative treatment with
nerve exploration was compared to non-operative treatment
(p=0.29).

Incidence of secondary RNP

All studies reported on secondary RNP. In 57 out of 1670
(3%) patients, treatment was complicated by secondary
RNP (Table 5) The incidence of secondary RNP in non-
operatively treated patients was 0.4%, while the incidence of
secondary RNP in operatively treated patients was 4%. This
difference was statistically significant (p <0.01).

Fixation technique and secondary radial nerve palsy

11 studies [11-13, 15, 21, 30, 33, 37, 38, 42, 49] assessed
the outcome of intramedullary nailing, describing a total of
385 patients. In seven patients (2%), treatment was compli-
cated by secondary RNP (Table 6).

17 studies [8, 14, 17, 19, 24, 26, 27, 30-32, 34, 36, 39,
43, 44, 46, 48] reported on the effect of minimally inva-
sive plate osteosynthesis, consisting of 436 patients. In 12
patients (3%), treatment was complicated by secondary RNP.

13 studies [13, 16-18, 22, 23, 25, 33, 35, 40-42, 48]
reported on 553 patients treated with conventional plating.
In 36 patients (7%) treatment was complicated by second-
ary RNP.

Surgical approach and secondary RNP

In 14 out of 467 patients (3%) in whom an anterolateral
approach was used [17-19, 22, 24, 26, 27, 30-32, 34, 36,
39, 43, 44, 46, 48] and in 17 out of 356 (5%) patients in
whom a posterior approach was used [8, 14, 23, 25, 40, 41],
treatment was complicated by secondary RNP (Table 6). In

none of the 46 patients in whom a lateral approach was used
secondary RNP occurred [16, 25].

Recovery from secondary RNP

21 studies [8, 10-15, 17, 19, 21-23, 25, 27, 33, 35, 36, 40,
42, 44, 48], with a weighted mean follow-up of 19 months,
described the recovery from secondary RNP. 51 out of 54
patients with secondary RNPs recovered without reinter-
vention (94%) (Table 5). The longest time to spontaneous
recovery of secondary RNP reported was 12 months [48]. In
three patients, secondary RNP did not resolve without rein-
tervention [35, 44]. One patient was initially managed non-
operatively and went on to conventional plating 2 months
later because of unresolved secondary RNP and malalign-
ment. The radial nerve was found to be intact and recovered
after surgery [35]. The other two patients were managed
operatively. One developed secondary RNP immediately
after minimally invasive plate osteosynthesis. This patient
was re-operated and underwent surgical exploration with
plate reapplication after which the RNP resolved within 48 h
[44]. The other patient was initially managed operatively
with conventional plating. In this patient, the radial nerve
showed no recovery at final follow-up 3 months after sur-
gery [35].

Table 6 Surgical technique and incidence of secondary radial nerve
palsy

Total patients Secondary RNP
treated n (%)
N
Fixation technique
IMN 385 7 (2%)
Conventional plating 553 36 (7%)
MIPO 436 12 (3%)
Surgical approach
Anterolateral approach 467 14 3%)
Posterior approach 356 17 (5%)
Lateral approach 46 0

*Patients with primary RNP were not included in this analysis

Table 5 Incidence and recovery

. Overall N=1670* Non-operative Operative p value
rate of secondary radial nerve N=2692 N=1401?
palsy in closed humeral shaft
fractures Secondary RNP, n (%) 57 (4%) 1(0.4%) 56 (4%) <0.01%*
Recovery without reinter- 51/54 (94%)® 0 (0%) 51/53 (96%)°

vention, n (%)

“Patients with primary RNP were not included in this analysis

®Arora et al. did not describe the recovery of three secondary RNPs. These were not included in the recov-

ery rate
*Chi-square test was significant
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Discussion

One-in-ten patients with a closed humeral shaft fracture
has an associated primary RNP, of which more than 90%
recovers without the need of any (re-)intervention. No
beneficial effect of early exploration on the recovery of
primary RNP could be demonstrated when comparing
patients managed non-operatively with those explored
early. Moreover, patients managed operatively for a closed
humeral shaft fracture had a significantly higher risk of
developing secondary RNP.

The previously described findings should be appreci-
ated with several limitations in mind. Firstly, the overall
methodological quality of the studies was fair and included
only three RCTs, while it furthermore consisted of obser-
vational studies. Although previous studies have also used
this methodology of combining both RCT’s and obser-
vational trials [50, 51], it is important to note that the
risk of bias is substantially larger in observational stud-
ies. Secondly, the heterogeneity of the used interventions
between included studies was high. Due to these limita-
tions (i.e., limited methodological quality and heterogene-
ity), a proper meta-analysis could not be conducted, and
results of this study should therefore not be interpreted as
such. However, we do believe that this study may provide
sufficient evidence to compare non-operative versus opera-
tive treatment, as it is difficult to conduct a study of higher
methodological quality such as an RCT or meta-analysis.
The former is difficult to conduct due to the low incidence
of RNP, while the latter is not possible due to the absence
of high-quality studies. The strengths of this systematic
review include: (1) a comprehensive search of the litera-
ture in collaboration with a clinical librarian; (2) selec-
tion of studies and grading of the evidence by two authors
independently; and (3) large number of studies included
resulting in the largest series of closed humeral shaft frac-
tures to date. Given these strengths, we believe that the
reported incidence for primary and secondary RNP are
accurate estimates of the true incidence in patients with
closed humeral shaft fractures.

The incidence of primary RNP associated with closed
humeral shaft fractures observed in this systematic review
was 10%. Previous studies have reported on incidences
ranging from 8 to 12% [1, 4, 52]. However, these studies
included patients with open fractures [1, 4, 52], pathologi-
cal fractures [1], or were based on smaller numbers [1, 52].

In the current study, the radial nerve appeared to be
particularly at risk in middle (7%) and distal third (13%)
humeral shaft fractures as well as in spiral-type fractures
(16%). This is in line with previous studies reporting
increased risks of primary RNP for these specific type of
fractures [1, 4, 5, 53].

@ Springer

The overall recovery rate of primary RNP was 94%. No
significant difference in the recovery rate could be dem-
onstrated when comparing non-operative treatment versus
operative treatment with nerve exploration. We therefore
support earlier reccommendations [4, 54] to manage patients
with a closed humeral shaft fracture and an associated RNP
non-operatively if the fracture allows it. This avoids the risk
of potential operative complications and does not affect the
recovery of the radial nerve adversely, while high union rates
have been demonstrated with non-operative management in
closed humeral shaft fractures [55].

The current study demonstrated a significantly lower
incidence of secondary RNP in patients who were treated
non-operatively for closed humeral shaft fractures (0.4%)
compared to patients who received operative treatment (4%).
Other large series assessing secondary RNP after operative
treatment in open and closed humeral shaft fractures report
incidences ranging from 6 to 7% [24, 53, 56]. This may
advocate non-operative treatment in closed humeral shaft
fractures if the fracture is expected to heal well with non-
operative treatment.

Although the use of ultrasound as a diagnostic modality in
patients with RNP after humeral shaft fractures has become
more common over the years, it is currently not part of the
standard diagnostic workup. Bodner and colleagues were
the first to describe the use of ultrasound in patients with
RNP after humerus shaft fractures [57, 58]. In a prospective
study including 11 patients, they correctly diagnosed the
type of RNP based on their pre-operative ultrasound find-
ings in all five patients who underwent nerve exploration
[58]. A more recent study further highlights the potential of
ultrasound in diagnosing RNP in humeral shaft fractures:
in 11 out 12 patients undergoing radial nerve exploration,
the pre-operative ultrasound findings were confirmed intra-
operatively [59]. It is important to note that for both stud-
ies, it cannot be confirmed whether ultrasound findings in
patients not undergoing nerve exploration were also correct
[58, 59]. This limitation was overcome in a cadaveric study
by Cartwright et al., demonstrating the ability of ultrasound
to diagnose nerve transection with a sensitivity and specific-
ity of 89% and 95%, respectively [60]. Given its non-inva-
sive nature and its supposed accurate ability to diagnose and
differentiate between various types of nerve injury, further
research on the use of ultrasound in the diagnostic workup
of RNP in humeral shaft fractures is merited.

In conclusion, this study demonstrated that one-in-ten
patients with a closed humeral shaft fracture has an associ-
ated primary RNP. No significant difference in the recovery
rate of primary RNP could be demonstrated when compar-
ing groups which were initially managed non-operatively
with those explored early. This suggests that that non-oper-
ative treatment does not affect the extent of nerve recovery
adversely. Non-operative treatment of closed humeral shaft
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fractures is furthermore associated with a significantly lower
risk of secondary RNP.
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