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Abstract
Purpose The purpose of this study was to assess recovery and
clinical outcome in patients with primary or secondary radial
nerve palsy following humeral shaft fracture.
Methods We retrospectively assessed 102 patients (45 female
and 57 male) with humeral shaft fracture and concomitant
radial nerve palsy, who were followed up for 12 months.
Patients were divided into two groups with primary or second-
ary radial nerve palsy depending on the onset. Muscle func-
tion was measured according to Daniels classification and
degree of nerve damage was assessed by the Sunderland
classification.
Results The average time for onset of recovery after primary
RNP was 10.5±3.31 weeks, in the case of secondary RNP it
was 8.9±7.98 weeks (p<0.05). Full recovery or significant
improvement was achieved with average of 26.7±8.86 weeks
and 23.9±6.04 weeks respectively (p<0.05). Trauma mech-
anism and type of treatment had no significant influence on
time of onset of recovery or time to full recovery (p<0.904).
Conclusion Secondary RNP shows tendency for earlier re-
covery and is more commonly associated with ORIF.
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Introduction

Humeral shaft fractures are often associated with radial nerve
palsy, which represents the most common traumatic nerve in-
jury [1–3]. The overall incidence of radial nerve palsy follow-
ing humeral shaft fractures is about 2–18 %, in mean 12 % [4,
5]. Due to different methods of fixation for humeral shaft frac-
tures regarding closed or open fracture reduction, it is necessary
to decide if early exploration in primary radial nerve palsy is
indicated [4, 6]. Thus open exploration facilitates fracture re-
duction and reduces damage by bony fragments and entrapment
of the nerve [4, 7]. Open or closed reduction of humeral shaft
fractures is accompanied by resulting secondary radial nerve
palsy in 6–12% [8]. However, due to a high rate of spontaneous
recovery, conservative treatment of radial nerve palsy and non
operative fracture fixation have been postulated [6].

The purpose of this study was to assess recovery time and
clinical outcome in patients with primary or secondary radial
nerve palsy after humeral shaft fracture (at a European level I
trauma centre.)

Material and methods

The study was approved by the local ethic committee and was
performed in accordance to the Declaration of Helsinki.
Written informed consent was obtained from all patients be-
fore enrolment (EK Nr. 2010/593).

Study design and patient recruitment

Weperformed a retrospective analysis of prospectively collected
data for all patients treated with humeral shaft fractures and
accompanying radial nerve palsy at this level I trauma centre.
A sample of 615 patients who sustained a traumatic humeral
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shaft fracture and were treated at our department between 1994
and 2013, was sorted and their dataset was examined for com-
pleteness and accuracy. Patients with an incomplete dataset,
pathologic or periprosthetic fractures as well as patients who
received non surgical treatment or were younger than 18 years
of age were excluded. According to this inclusion criteria a total
of 102 patients with primary or secondary radial nerve palsy
following surgical treatment of humeral shaft fracture resulted
revealing an incidence of radial nerve palsies of 16.6% (primary
8.9 % and secondary 7.7 %). A total of 45 women and 57 men
with a median age of 46 years (range 18–87 years) were includ-
ed in our series. The mean age of the male group was consider-
ably lower (38.4 years), than that of the female group
(56.2 years). Depending on the onset of radial nerve palsy pa-
tients were divided into two groups (A & B). Patients with
primary radial nerve palsy were included into study group A,
whereas patients showing a deficit of radial nerve function fol-
lowing initial surgical treatment were considered as those with a
secondary radial nerve lesion and entered study group B. The
causes of injury are summarized in Table 1.

Diagnosis and surgical management

All humeral shaft fractures were classified according to the
AO classification system. Soft tissue damage was determined
according to the Gustilo and Anderson classification [9, 10].

Fracture fixation methods included external fixation, open
reduction with internal fixation (ORIF) and antegrade or ret-
rograde interlocking intramedullary nailing (IN).

Outcome assessment

Clinical and radiographic examination was routinely performed
three, six and twelve months after initial trauma to determine
bone union. Nerve conduction studies (NCV) were routinely
performed at two weeks following onset of radial nerve palsy
and again after four months in case of delayed recovery.
Functional assessment was routinely performed at all follow
up visits. The grade of nerve damage was determined with
Sunderland classification and muscle function was assessed by
manual muscle test according to Daniels andWorthingham [11].

Statistical analysis

Quantitative data were compared between the two groups
using two way ANOVA andMannWhitney test U, qualitative
data were compared using the x2-analysis. Statistical signifi-
cance was set at α=0.05. Multiple regression analysis with a
95 % confidence interval was used to examine the indepen-
dent associations of various demographic and injury related
factors α=0.05 was considered to determine the statistical
significance of corresponding variables (age, sex, injury
mechanisms, associated injuries, surgical techniques and clin-
ical outcome).

Results

Mechanism of injury and fracture classification

A total of 53 patients (52 %) sustained a high energy trauma
and 49 (48 %) patients sustained a low energy trauma leading
to a humeral shaft fracture. In study group A, 32 patients
(58.2 %) and in group B, 21 patients (44.7 %) sustained a high
energy trauma (Table 1). High energy trauma was more fre-
quently seen in male patients (68.4 %) (p<0.05) whereas low
energy trauma was more common in female patients (68.8 %)
(p<0.05).

In regards to humeral shaft fractures associated with radial
nerve lesion, the most common types involved A1 (n=26)
and B1 (n=28) fractures. Furthermore, we observed 12 A2
fractures, ten A3 fracture, seven B2 fractures and another sev-
en B3 sub-types. Complex fractures were seen in 15 patients,
including five C1, seven C2 and three C3 sub-types (Table 2).
There were nine open fractures, including two grade I, five
grade II and two grade III fractures. Eight of the total nine
open fractures showed primary radial nerve palsy. Three of
these nine cases revealed a complete disruption of the radial
nerve at surgical exploration Table 2.

Table 1 Demographic data

Overall Primary Secondary P value

Patients (n) 102 55 47

Gender (n)

Female 45 20 25 n.s.

Male 57 35 22 n.s.

Age (years)

Female 56.2 56.27 56.16 n.s.

Males 38.4 37.50 39.70 n.s

Trauma mechanism

Sports injury 11 5 6 n.s

MVA 28 19 9 <0.05

Fall >3 m 14 8 6 n.s

Fall <1 m 42 20 22 n.s

Hit on arm 7 3 4 n.s

High energy 53 32 21 n.s

Low energy 49 23 26 n.s

Treatment

IN 25 20 5 <0.05

ORIF 76 35 41 n.s

Fix Ex 1 1 n.s.

Onset of recovery 9.6 10.5 8.7 <0.05

Total recovery 24.9 26.7 22.7 <0.05

*not significant
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Analysis of surgical management

Surgical management was performed with a median delay of
three days. Within group A, 35 patients were treated with
ORIF. Twenty patients underwent treatment with interlocking
intramedullary nails. In eight of those cases additional surgical
exploration of the radial nerve was performed. In the remain-
ing 12 patients, including A2 and A3 fractures, no further
investigation of the nerve was performed. Treatment with IN
was significantly more common among fracture type A
(p<0.05) compared to type B and C fractures. Three patients
sustained a complete radial nerve transection, grade V lesion.
Two of them presented with open deux etage fractures (12 C
2) and the third patient showed a complex multifragmentary
fracture (12 C 3). One patient suffered concomitant lesions of
the median, ulnar and musculocutaneous nerve where primary
suture of the nerves was performed. In the other two cases the
radial nerve had to be reconstructed with an autologous nerve
graft of the N. cutaneous brachii posterior. Two further pa-
tients showed partial laceration of the radial nerve (grade II-
III lesion), which were treated by primary suture. In 17 pa-
tients the radial nerve showed signs of contusion, grade I-II
lesion. In seven patients a bony fragment compromised the
radial nerve, showing a grade I-II lesion. In eight patients the
nerve was severed by traction or was walled up by connective
tissue, resulting in a grade I-II lesion. In five patients the radial
nerve was found to be macroscopically intact, resembling a
grade I lesion.

Among the 47 patients in group B, 41 patients underwent
surgical treatment with ORIF. Five patients were treated with
IN. One patient developed a secondary radial nerve palsy fol-
lowing surgical treatment by an external fixator. During the
surgical exploration a total of 21 patients showed no macro-
scopically lesions of the radial nerve, grade I lesion. In four
patients the radial nerve was walled up by connective tissue,
leading to a grade I-II lesion. Intraneural haematoma was

found in five patients, suggesting a grade II lesion. In eight
patients there was an entrapment of the nerve in the fracture
gap (grade I-II lesion). Secondary radial nerve palsy was sig-
nificantly (p < 0.05) more common in patients undergoing
ORIF.

Fracture type and trauma mechanism had no significant
influence on the grade of nerve damage. However there was
a tendency of type C and open fractures to be associated with
more severe nerve damage.

Within the follow-up we observed a breakage of the plate
or breakage of multiple screws four times. In seven patients
treated with ORIF and in three patients treated with IN we
observed delayed bone union, whereas we observed no influ-
ence on recovery of radial nerve palsy.

Recovery and clinical outcome

The mean time to onset of recovery of the observed primary
radial nerve palsies was 10.5 ± 3.31 weeks. In 45 patients
(81.8 %) full recovery (strength M5) was achieved afater
26.7 ± 8.86 weeks. In six patients (11 %) full recovery
(strength M4) was achieved within 12 months. Four patients
showed no signs of remission, resulting in a strength deficite
M1-2.

Within group B the onset of secondary radial nerve palsy
was noted with a mean delay of 8.9±7.98 weeks following
the initial trauma. There was a significant difference in time to
onset of recovery between patients with primary and second-
ary radial nerve palsy (p<0.05). In 39 patients (82.3 %) full
recovery (strength M5) was achieved in an average of and
23.9±6.04 weeks, which represents a significant statistical
difference in time to full recovery between group A and B (p
<0.05). (Figs. 1 and 2). In five patients (10.6 %) full recovery
or significant improvement (strength M4) was achieved with-
in 12 months. Three patients showed no signs of remission
(strength M1-2) as shown in Figs. 1 and 2.

Trauma mechanism and type of treatment had no signifi-
cant influence on time to onset of recovery or time to full
recovery (p=0.904). However patients sustaining a type A
fracture and secondary radial nerve palsy showed significantly
faster recovery (p < 0.05). Additionally, in 39 patients
(38.2 %) repeated electromyograms (EMG) and nerve con-
duction studies (NCV) were performed due to prolonged time
of recovery. Following hospital discharge, all patients
underwent a special rehab protocol under guidance of a skilled
nurse.

At final follow up, 84 patients (82.4 %) presented with
satisfying clinical function concerning the affected arm and
could manage activities of daily living without any difficul-
ties. Another 11 patients (10.7 %) showed mild to moderate
impairment of motor function of the affected arm. Only seven
patients (6.8 %) suffered from severe functional impairment
and required further surgery.

Table 2 Fracture type AO/OTA classification

Overall Primary Secondary

Patients (n) 102 55 47

Fracture type

A1 26 16 10

A2 11 5 6

A3 10 7 3

B1 27 15 12

B2 7 3 4

B3 6 3 3

C1 5 2 3

C2 7 3 4

C3 3 1 2
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Discussion

Recovery of primary or secondary radial nerve palsy is influ-
enced by various factors; therefore, we aimed to evaluate the
affect of trauma mechanism, fracture type and surgical man-
agement on time to onset of recovery and time to full recovery
in patients who suffered from primary or secondary radial
nerve palsies.

About 50 % of humeral shaft fractures are associated with
high-energy trauma [12–14]. Studies by Venouziou et al.

recently pointed out that patients sustaining high-energy trau-
ma with humeral shaft fractures have a greater incidence and
prolonged recovery of radial nerve palsy as well as inferior
fracture healing [14]. The nerve is often found lacerated or
entrapped between mobile bony fragments, in such cases early
exploration is an absolute necessity [1, 13, 14]. In the case of
low-energy trauma, radial nerve palsy is often caused by a
nerve conduction block where the nerve is found macroscop-
ically intact [6, 14, 15]. In recent years there has been a grow-
ing trend of cautious withholding until surgical treatment

Fig. 1 Time to onset of recovery
(weeks) in primary and secondray
radial nerve palsy

Fig. 2 Time to full recovery or
significant improvement (weeks)
in patients with primary or
secondary readial nerve palsy
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options are involved in patients sustaining low-energy trauma.
Higher age and the higher incidence of comorbidities also
contribute to the choice of less invasive treatment and to avoid
further surgical intervention [1, 14, 16]. In our series high
energy trauma was more frequently seen in young male pa-
tients (68.4 %) (p<0.05) whereas low energy trauma was
more common in female patients (68.8 %) (p < 0.05).
Oppositional to current data, trauma mechanism had no sig-
nificant influence on time to onset of recovery or time to full
recovery (p=0.904) [14].

Both, ORIF and IN are well-established procedures with
high rates of 85-93 % of recovery following primary radial
nerve palsy [12, 17–21]. In the case of acute primary radial
nerve palsy open reduction facilitates fracture treatment and
enables simultaneous exploration of the radial nerve to deter-
mine the extent and the type of lesion [1, 7, 18]. It has been
postulated that earlier surgical intervention with ORIF leads to
earlier recovery of radial nerve palsy [21, 22]. Nevertheless, a
relatively high incidence of secondary radial nerve palsy is
associated with ORIF [19]. Still the question of correlation
of bone union and recovery of radial nerve palsy remains
unclear [14, 16]. Allende et al. reported that revision surgery
and additional neurolysis in case of nonunion following failed
IN leads to satisfying recovery of radial nerve palsy [23] in
certain cases. Compared to recent literature we could not find
any coherence between type of treatment, bone union and
recovery of radial nerve palsy [14, 21, 23]. Whereas second-
ary radial nerve palsy was significantly (p<0.05) more com-
mon in patients undergoing ORIF. Therefore the decision of
early exploration of the radial nerve should be in accordance
with the choice of fracture treatment [2].

Time to recovery of primary and secondary radial nerve
palsy depends on trauma mechanism, fracture type as well
as the surgical management [3, 6, 12, 19, 21, 24]. Shao et al.
published that the rate of spontaneous nerve recovery after
secondary radial palsy was similar to that of primary radial
palsy with an average time of onset of 7.3 weeks (2 weeks–
6.6 months), the time of full recovery was reported with
6.1 months (3.4–12 months) [1]. In a recently published series
Wang et al. found out that the average time of onset of clinical
recovery in patients with secondary radial nerve palsy was
4.8 months (1–6 months), and the average time to full recov-
ery was 8.5 months (3–12 months) [25]. In our series the time
of spontaneous recovery in group A, with an incidence of
60 % of patients sustaining high-energy trauma, was
10.5 weeks, whereas in group B the time of spontaneous re-
covery was 8.5 weeks respectively, p < 0.05. Time to total
recovery was significantly shorter in patients with secondary
radial nerve palsy p < 0.05. Furthermore type A fractures
among patients in group B had a significantly shorter time
of recovery (p < 0.05). Total recovery was observed in
82.4 % of our patients. Apart from shorter time of recovery
among secondary radial nerve palsy and type A fractures our

findings seem to be consistent with those described in current
literature [1, 6, 12, 21].

Without any doubt, there are several limitations to this
study. We retrospectively evaluated a relatively small sample
size. Besides, we analysed an inhomogeneous patient popula-
tion regarding the trauma mechanism, fracture type, onset of
radial nerve palsy and surgical procedure. As mentioned be-
fore, a possible selection bias during patient allocation to the
treatment groups has to be pointed out.

Conclusion

Trauma mechanism had no significant influence on develop-
ment of primary or secondary radial nerve palsy. Secondary
radial nerve palsy is more commonly associated with open
reduction and plate fixation; nevertheless it shows a high rate
of spontaneous and significantly shorter recovery compared to
primary radial nerve palsy.
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