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Abstract
Background: Intramedullary nail gains increasing popularity as an option to treat fractures of the humeral shaft. The proximity of the radial nerve to the fracture site
is always a concern for iatrogenic nerve damage during nailing. However, there is no documented report of direct radial nerve palsy due to nailing process.
Case report: A forty-two years old man was involved in a road traffic accident and he sustained a close fracture of his left humeral diaphysis and a close fracture of
the diaphysis of his ipsilateral tibia. Pre-operative examination did not reveal any neurovascular deficit. Due to the high energy of the injury, the patient was conduced
to the operating Room where both fractures were stabilized with unreamed nailing. In the immediate post-operative period, he developed complete radial nerve palsy
and it was urgently decided the remove of the nail. The radial nerve was found to be bruised but maintained its continuity. The humeral fracture was stabilized with
plate fixation. Six months later, the radial nerve was, partially, recovered. A full motor and sensory recovery of the nerve was observed ten months later.
Conclusion: Even if it’s rare, there is a risk of damage of radial nerve during unreamed nailing of a fracture of the midshaft of the humerus. In these cases, the use of
somatosensory; during the implantation of the nail, evoked potential monitoring, could offer us the opportunity to find the entrapment of radial nerve.

Background
Functional bracing as the standard conservative treatment for
most humeral shaft fractures has been successful with predictably high
union rates [1,2]. However, it is losing popularity, due to the need of
prolonged immobilization, to achieve solid union followed by vigorous
rehabilitation to restore joint function and muscle strength. Operative
treatment for these fractures is considered in specific situations
including patients with spinal cord (high quadriplegia), brachial
plexus or multiple injuries, in open fractures or those associated with
neurovascular injuries, in the floating elbow, and in cases where a
satisfactory reduction cannot be maintained by closed methods [3-5].
The two commonest surgical options are open reduction and internal
fixation with a plate or closed reduction and intramedullary nailing.
Plate fixation offers the advantage of anatomical fracture reduction
but is associated with a high non-union rate, high infection rate
and potential injury to the radial nerve, especially if later removal is
required [6]. Closed intramedullary nailing has certain advantages like
being closer to the normal mechanical axis of the bone and acting as a
load sharing device. Bending forces and consequent fatigue failure are
less. Since the fracture is not exposed directly and soft tissue dissection
is much less, the fixation is more biological and with less stress shielding
and chances of iatrogenic nerve injury are also reduced [7]. However,
the procedure has its complications. The most common of these are
the failed reduction, the morbidity associated with the insertion site
through the rotator cuff [8] and the iatrogenic fracture comminution
during reaming. Potential injury to neurovascular structures include
the risk to the radial nerve from canal preparation and nail insertion,
to the axillary nerve from the proximal locking and to the radial,
musculocutaneous and median nerves and to the brachial artery from
the distal locking. Several studies reported partial radial nerve injuries
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after closed IM nailing of the humerus that recovered with no additional
intervention. According with the study of McCormack at al. [9], the
rate of the radial nerve palsy after interlocking IM nailing varies from
3-14%. However, there are no reported cases to our knowledge, with
radial nerve entrapment within the fracture site after intramedullary
nailing of the humerus. We present a patient with fracture of the
humeral diaphysis who developed post-operative radial nerve palsy due
to entrapment at the fracture site around the nail.

Case report
A forty-two-year-old man was involved in a road traffic accident
2 years ago following excess alcohol intake. He sustained a close
multifragmented AO type-B2.2 fracture of his left humeral diaphysis
(Figure 1) and a close AO type-B2 fracture of the diaphysis of
his ipsilateral tibia. Pre-operative examination did not reveal any
neurovascular deficit in the upper or lower limbs. The indication for
operative treatment was the high energy nature of the injury and that
he had fractured another long bone. He underwent closed unreamed
nailing of the humerus with a Polarus nail (Acumed, USA) (Figure 2).
The tibial fracture was also stabilized with an unreamed nail. In the
immediate post-operative period he developed complete radial nerve
palsy as he was unable to actively extend his wrist and fingers and had
complete absence of sensation over the dorsum of his left hand in the
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graft was added to optimize the healing process. At the 3-month postoperative follow-up the fracture was healed (Figure 4) and the patient
had some sensory recovery but no sign of motor recovery in his left
hand. Nerve conduction studies showed severe nerve damage but also
showed partial re-innervation to the triceps muscle. At six months,
there was partial recovery of the radial nerve with grade 4/5 power
in all the extensor muscle groups. Sensation had returned to normal
apart from occasional mild discomfort due to pins and needles. At ten
months there was full motor and sensory recovery.

Discussion
Despite the close proximity of the radial nerve to the humeral shaft,
the rate of radial nerve palsy after closed intramedullary nailing of the
humerus, is not as high as it would be expected. Several series in the
literature report only a few nerve palsies after nail insertion. Rommens

Figure 1. AP and oblique radiographs of this AO type-B2.2 fracture of the middle third of
the humeral diaphysis, showing the large medial butterfly along with varus angulation of
the distal fragment

Figure 3. Photograph taken in the operating theatre at the time of exploration. The radial
nerve has been identified entrapped between the two main fracture fragments and the nail

Figure 2. Fluoroscopic view taken in the operating theatre to show the fracture site and the
position of the unreamed nail in the humeral diaphysis

territory supplied by the radial nerve. He was transferred urgently to the
operating room (within 12 hours from the primary procedure) for radial
nerve exploration. The lateral approach to the humerus was utilized
and the radial nerve was found entrapped around the nail between the
two main bony fragments (Figure 3). The nerve, when removed of the
nail, was released. It was found to be severely bruised but was still in
continuity. The fixation was converted to plate stabilization with two
lag screws and an 8-hole large DCP neutralization plate. Artificial bone

Glob Surg, 2018

doi: 10.15761/GOS.1000181

Figure 4. AP and lateral radiographs taken three months following the fixation with a large
DCP plate showing complete fracture union
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et al. [7] reported only one case in a series of 39 patients that recovered
in three months without nerve exploration. Crates et al. [10] reported
two iatrogenic post-operative nerve palsies after insertion of a humeral
nail. In one patient, the nail was inserted after reaming of the shaft,
while in the other was unreamed. In both cases the nerve was explored
immediately after the operation and was found to be in continuity, but
it was not entrapped between the fragments. In the series of Lin et al.
[11] where the authors presented 161 patients who underwent humeral
nailing, post-operative radial nerve palsy occurred in three patients,
two after acute fractures treated by closed nailing and another one
non-union treated by open nailing and bone grafting. All of them had
normal recovery within 2 months. It was not stated whether the nerve
was explored. They supported the experience of Crates and Whittle that
radial nerve palsy was mostly caused by manipulation of the fracture
and that functional recovery was mostly to be expected. Ingman and
Waters reported one case in 41 patients after humeral nailing, however
this nerve palsy was present before the operation and it recovered 6
months post-operatively. Other series do no not report any nerve
injuries [12].
External rotation spiral fractures of the humerus represent a
specific category, where the radial nerve may be entrapped among the
fracture fragments. First described by Holstein and Lewis [13], it is
a fracture of the distal third of the humeral shaft which has a spiral
configuration with the distal fragment having proximally migrated and
radially angulated. Lin reported cases with radial nerve entrapment,
even in fractures of the midshaft of the humerus, which also had a spiral
configuration, with external rotation force being the most common
mechanism of injury. In such cases, an undispaced posterior triangular
fragment was responsible of radial nerve entrapment. [14]. He noted
that radial nerve entrapment may occur more frequently after highenergy trauma, especially if there is varus angulation. In these cases,
it is mandatory to explore the radial nerve before fracture reduction,
regardless of the presence or absence of nerve palsy.
The fracture presented in this report does not belong to the category
described by Holstein and Lewis, as it was located in the humeral
midshaft and not in the distal third. It is resulted from high-energy
trauma, but there were no signs of external rotation force. There was
also comminution with a medial butterfly fragment, which according
to the study by Lin, could not cause nerve’s entrapment. Reaming of the
bone would have caused irreversible damage to the nerve. It is not clear,
from the previous reports, if postoperative nerve palsy is an indication
for immediate exploration. Several studies in which has been performed
a late exploration of a radial nerve palsy, have shown that it has been a
laceration or entrapment of the nerve in 6-25% of the cases [15,16].
Moreover, the systematic review performed by Shao and colleagues [17]
showed a spontaneous recovery rate of 70%, but an overall recovery rate
of only 88%. Subsequently, there are some cases of radial nerve palsy
with closed humerus fractures in which a delayed nerve exploration can
compromise ultimate recovery. In our case, nerve recovery would not
have occurred as it would be entrapped in the callus formed later at the
fracture site. Therefore, a prolonged period of observation, would have
led in nerve’s atrophy and motor endplate loss and a significant period
of time in which the patient would be lack of hand function.
At this point, it is extremely important to emphasize that in our
case, the use of somatosensory evoked potential monitoring during
the implantation of the nail, will have offered us the opportunity to
find the entrapment of radial nerve. Actually, Mills et al. [18] used
the somatosensory evoked potential monitoring in a succession of 13
patients with humeral shaft fracture treated with nailing [18]. In this
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way, in a patient they managed immediately to find the nerve entrapment
and realize open exploration. In two other patients, significant changes
of the somatosensory evoked potential were noticed, either during the
manipulation of the nail, or during the distal interlocking. Lastly, it
is important to highlight the fact that the ability of a highly accurate
ultrasound scanning could help us in checking the continuity of the
nerve [19].

Conclusion
In those humeral fractures with radial nerve entrapment, it is
difficult to decide whether an early exploration it is necessary. In some
types of humeral shaft fractures, as in our case, the use of somatosensory
evoked potential monitoring during the implantation of the nail, could
offer us the opportunity to find the entrapment of radial nerve. Also, a
highly accurate ultrasound scanning might be a useful tool in checking
continuity of the nerve. To our knowledge, this is the first reported
case in the English literature of radial nerve entrapment after closed
humeral nailing. Although it is an isolated case, it indicates the risk of
nerve damage after nailing of fractures of the humerus midshaft that
are not the result of an external rotation force. Post-nailing radial nerve
palsy may not always be the result of traction during manipulation
and therefore we believe this to be an indication for immediate nerve
exploration.
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