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Atypical injury of radial nerve after humeral shaft fracture

Humerus saft kingi sonrasi radial sinirin atipik yaralanmasi
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ABSTRACT

As general opinion, conservative treatment is usually suggested
for closed humeral shaft fractures with radial nerve palsy;
however, some authors advocate early surgical exploration,
particularly for spiral fractures of the humerus accompanied
with radial nerve palsy. In this article, we present a case
of radial nerve palsy after fracture of the proximal-middle
third of humeral shaft. A surgical exploration of the nerve
revealed that the sharp tip of the bony fragment at fracture
site was penetrated into the nerve and separated the nerve as
two bands, almost like a “buttonhole” injury. We think that
this kind of an atypical injury of the radial nerve would most
probably not recover with conservative management; or the
nerve may even be damaged worse by the fragment in case of
a possible movement on the nerve’s fracture line or by being
trapped by callus formation during healing. In this case report,
we aimed to raise awareness among orthopedists regarding
such and similar atypical injuries of the radial nerve.
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Fractures involving the humeral shaft, which is
defined as the region between the superior border
of the pectoralis major insertion and the area
immediately above the supracondylar ridge, account
for approximately 3% of all long bone fractures.!? As
is widely known, the most common injury associated
with closed diaphyseal humeral fracture is the
concomitant injury of the radial nerve.?

The recent literature has suggested that closed
fractures are frequently associated with neuropraxia
of the radial nerve with spontaneous recovery
expected in more than 80% of cases. On the other
hand, open fractures are usually associated with
“neurotmesis injury” which is defined as disruption
of both the nerve and its sheath and requires early
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Genel goriis olarak, radial sinir felci bulunan kapali
humerus saft kiriklarinda cogunlukla konservatif tedavi
onerilmektedir, ancak kimi yazarlar 6zellikle spiral humerus
kirig1 ile birlikte radial sinir felci bulunmasi durumunda
erken cerrahi eksplorasyonun gerektigini savunmaktadir.
Bu yazida humerus cisminin proksimal-orta ucte bir kirigi
sonrasi bir radial sinir felci olgusu sunuldu. Sinir cerrahi
olarak eksplore edildiginde, kirik sahasinda kemik fragmanin
keskin ucunun sinire penetre oldugu ve adeta “dugme iligi”
yaralanmasi seklinde siniri iki bant seklinde ayirdig: goruldi.
Radial sinirin bu tur bir atipik yaralanmasinin konservatif
izlem ile yuksek olasilikla iyilesmeyecegi; hatta sinirin kirik
hattindaki olasi bir oynamada fragman tarafindan ya da
iyilesme sirasinda kallus dokusu tarafindan cevrelenerek daha
kotu hasarlanabilecegi dusunilmektedir. Bu olgu sunumunda
radial sinirin bu ve benzeri atipik yaralanmalar1 konusunda
ortopedistler arasinda bir farkindalik yaratilmasi amaglandi.

Anahtar sozciikler: Atipik; kirik; humerus; sinir; palsi; radial.

exploration and repair.? Radial nerve palsy can be
classified as partial or complete with regard to the
extent of physical examination findings.”

The current literature commonly suggests
conservative treatment for most closed humeral shaft
fractures with radial nerve palsy;®! whereas surgical
exploration is advocated in cases of open fractures
of the humeral shaft associated with radial nerve
palsy or when there is no clinical improvement after a
period of conservative treatment.

In this case report, we present a case of closed
comminuted proximal-middle third humeral shaft
fracture with immediate partial radial nerve palsy caused
by an atypical buttonhole injury at the fracture site.
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Atypical injury of radial nerve after humeral shaft fracture

CASE REPORT

A 66-year-old female patient was admitted to the
emergency department with pain and deformity in
her right arm after a slip and fall accident. Physical and
radiologic examination revealed a closed comminuted
fracture of proximal-middle third humeral shaft with
a butterfly fragment (Figures 1, 2). In addition, the
patient had symptoms of partial radial nerve injury
such as inability of dorsiflexion of the wrist and
digits; nevertheless, she had normal sensation on
the dorsolateral aspect of the hand and the dorsal
aspect of the radial thumb, second and third fingers
digits. Eventually, the patient was diagnosed with
comminuted proximal-middle third humeral shaft
fracture and concomitant partial nerve palsy.”
Thereafter, the patient was hospitalized and observed
for routine trauma care. A written informed consent
was obtained from the patient.

The patient had a 12-B2 type fracture according to
the Arbeitsgemeinschaft fiir Osteosynthesefragen/
Orthopaedic Trauma Association (AO/OTA)
classification of diaphyseal humeral fractures which
designates the humerus in three parts: proximal,
diaphyseal and distal, and PM-I type fracture (P and
M stand for proximal and middle third of humeral
shaft and the letter I for intermediate fractures
with one or two sizable bony fragments) according
to a more recent classification system reported by
Garnavos et al.l The pros and cons of these systems
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Figure 1. Plain radiograph demonstrating proximal-
middle third humeral shaft fracture.
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in the choice of treatment method will be discussed
later.

At this point, surgical intervention was
a fundamental decision to make; and it will be
discussed thoroughly in the following section. After
reevaluation of the patient, review of the literature and
a challenging decision-making process for the surgical
team, our preference for treatment was open reduction
and internal fixation of the humeral shaft fracture
with exploration of the radial nerve. Thereafter, the
patient was informed about all treatment options and
complications prior to surgery.

Since the humeral fracture was located in
proximal-middle third of the humeral shaft, an
extended deltopectoral approach was used. During
the approach, the radial nerve was identified and
dissected on its course through the fracture site.
At the fracture site, the nerve was found to have
a unique type of injury; penetration of the bony
spike of the humeral fracture through the body of
the radial nerve, mimicking a “buttonhole injury”.
The nerve was immediately set free from the bony
spike and explored (Figures 3, 4). We decided not to
perform any surgical repair at that time, since the
2.5-3 cm long longitudinal laceration injury left most
of the fibers intact. The fracture was reduced and
fixated with an anatomical proximal humerus plate
(Figure 5).

At the six-month follow-up visit, all sensory and
motor functions of the nerve were fully recovered. In
addition, radiographs demonstrated good healing at
the fracture site (Figures 6, 7).

Figure 2. Plain radiograph demonstrating proximal-middle third
humeral shaft fracture.
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Figure 3. Bony spike penetrating into the
corpus of nerve and dividing nerve into two

intact slips mimicking a “buttonhole injury”.
Green arrow: Radial nerve; White arrow: Bony fragment;
Blue arrow: Knifelike tip of bony fragment penetrating into
nerve; * Distal humeral shaft angulated to expose nerve.

DISCUSSION

The radial nerve is the most frequently injured nerve
in the upper limb, especially in humeral fractures,
because of its close proximity to the bone during its
course.” The vast majority of closed humeral fractures
are treated nonoperatively since union rates are up to
90% in these cases. For cases ending with malunion,
up to 20° anterior angulation or 30° varus angulation
are generally well tolerated in the arm. Therefore,
functional bracing is widely accepted as the mainstay
of the treatment for closed humerus fractures.®

The recent literature presents an approximate rate
of 11% for radial nerve palsy after closed humeral
shaft fractures; on the other hand, systemic reviews
report that 70% of these cases show spontaneous
recovery of nerve functions after three or six months
from the time of injury.!'! Herein, the surgeon has to
reckon with a difficult preference of “whether or not
to perform surgery” in patients with partial radial
nerve deficit without any absolute surgical indication
for fixation of the fracture. Although there are some
previously reported recommendations such as;
“if radial nerve dysfunction is concurrent with spiral
and comminuted humeral fracture, early exploration
may be beneficial in terms of early identification of
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Figure 4. Nerve was set free from bony spike.
Blue arrow: Bony spike; Green arrow: Radial nerve; * Distal
humeral shaft angulated to expose nerve.

nerve injury”'? it is still a matter of debate as to what
should be done for cases with no distinct indications
for surgery.
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Figure 5. Plain radiograph showing reduction and fixation with
an anatomical proximal humerus plate.
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Figure 6. Plain anteroposterior radiograph showing good
healing at fracture site.

As mentioned before, we had to decide about the
choice of treatment method. First of all, neither long
oblique fracture extending to the proximal humerus
nor partial radial nerve palsy were indications
for operative management of diaphyseal humeral
fractures."” Moreover, proximal third, long oblique
fracture was a relative indication for nonoperative
management of diaphyseal humeral fractures.' Thus,
there were both nonoperative and operative options
available regarding the basic orthopedic knowledge.

A renowned essential step in decision-making is
an accurate classification of the fracture. A widely
used system for classification of long bone fractures is
AO/OTA, which was presented in 1990.%% Our patient
had a 12-B2 type fracture according to AO/OTA
classification. AO/OTA classification, although it
is widely known and used, has received criticism
for having low inter- and intra-observer variation
agreement and reliability.! We experienced the same
issue while classifying our patient’s fracture since it
involved two zones of the humeral shaft: proximal
and middle third. According to a recent classification
by Garvanos et al,® which is a supplementation of
the AO/OTA classification, the patient had PM-I
type humeral shaft fracture. In this system, the
letters P and M stand for proximal and middle third
of humeral shaft and the letter I for intermediate
fractures with one or two sizable bony fragments.
Garnavos et all® reported that fractures extending
to multiple zones like PM type and presence of
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Figure 7. Plain lateral radiograph showing
good healing at fracture site.

intermediate morphology were all negative factors for
fracture healing. From this point of view, Toivanen et
al." also reported a high rate of nonunion (54%) after
conservative treatment when the fracture was located
at the proximal third of the diaphysis. Similarly,
Ekholm et al.l¥ reported that “despite good overall
results achieved with conservative treatment of
humeral shaft fractures”, there is a trend toward an
increased number of nonunions in patients with OTA
type A fractures involving the proximal zone.

Basic anatomic knowledge dictates that a serious
injury of the radial nerve, such as rupture, at this level
(proximal-middle shaft of humerus) would involve
total palsy with both motor and sensory dysfunction.
Therefore, we thought that the partial radial nerve
palsy with this fracture would be neuropraxia, which
is expected to recover spontaneously in most cases.
At this point, a good choice might be to conduct an
early electrophysiological evaluation for the nerve;
however, recent studies have reported that the nerve
and muscles can exhibit the first signs of recovery
only about one month before clinical recovery.'¥ Since
recovery of nerve conduction is usually not evident
much earlier than clinical recovery, it is not as helpful
in making the decision for exploration of the nerve.
Another preference in these cases could be ultrasound
evaluation as an imaging modality that might guide
surgical decision-making. In experienced hands,
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ultrasonography can detect compression of the nerve
as well as discontinuity of the nerve.'¥l However, it is
a highly user-dependent technique and may not be
as successful as desired at diagnosing radial nerve
discontinuity. Hence, we did not use any of these
modalities because of their limited success.

To elucidate, alongside the Garnavos classification
and previous reports in the literature, our own
experience of similar cases indicated that conservative
treatment in this particular case could not guarantee
proper healing of the fracture. Therefore, after a
certain decision making process, we decided to
perform an open reduction and internal fixation
concurrent with exploration of the radial nerve.

In this case, the fracture pattern of the humerus
mostly affected our decision to treat the humeral shaft
fracture with open reduction and internal fixation.
If the patient had a different fracture pattern, such
as OTA type B or simple fracture, we would likely
decide nonoperative treatment without exploration
and identification of radial nerve and misdiagnose
this rare type of injury. In addition, the bony spike
could jeopardize the nerve subsequent to major
movements or callus formation could trap the nerve
resulting in unsuccessful recovery of nerve functions.
During the surgery, after the nerve was released from
the bony spike (Figure 2), the surgical team decided
not to perform any surgical repair. At the six-month
follow-up visit, all sensory and motor functions of the
nerve were fully recovered.

Although nonoperative treatment of closed
humeral fractures leads to spontaneous radial nerve
recovery in the majority of cases, it is undeniable that
there are still some cases in which atypical injuries
of the radial nerve may remain undiagnosed if they
are treated nonoperatively. Unfortunately, current
diagnostic modalities such as electrophysiological
evaluation and ultrasound imaging are not fully
capable of detecting atypical injuries, which can
consequently jeopardize a full recovery of the radial
nerve. We think that this kind of rare injury of the
radial nerve would not recover with a strategy of
expectant management; or even worse, it could be
trapped in callus formation during bone healing.
Another objective of this case report is to act as a
reminder of this kind of rare injury, which may create
pitfalls for treatment.

As orthopedic surgeons, despite a growing mass of
knowledge, we sometimes have to rely on experience
and clinical signs including injury mechanism and
subtle clues in order to find our own path in treating
patients. This case reminded us of a famous quotation
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by Fischer: The patient does not care about your
science; what he wants to know is, can you cure him?
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