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Humeral shaft fractures and radial nerve palsy: early exploration findings

Humerus cisim kiriklari ve radial sinir felci: Erken eksplorasyon bulgular
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ABSTRACT

Objectives: This study aims to present the results of early
nerve explorations in cases with radial nerve palsy associated
with humeral shaft fracture and to investigate in which cases
early nerve explorations may be beneficial.

Patients and methods: Twenty-four patients (17 males,
7 females; mean age 36 years; range 18 to 72 years) with
complete sensory and motor radial nerve damage associated
with humeral shaft fracture were retrospectively analyzed. The
patients with high-energy trauma and the ones who had spiral
and segmental fractures with low energy traumas were included
in the study. Early nerve exploration was performed in all patients
within an average of 4.8 days (range 1 to 20 days) after fracture
development. Electrophysiological assessments were performed
in cases with no neurological recovery until 12" week.

Results: Spiral fractures of the humerus shaft observed in
14 (58.3%) of the 24 operated patients were the most common
fracture type, followed by transverse fracture in four patients
(16.6%) and comminuted fracture in two patients (8.3%). As a
result of the exploration, we observed nerve compression between
the fracture fragments in seven patients (29.1%); a majority of
these patients (n=6) had spiral fractures of humerus and one
patient had comminuted fracture. One patient with a spiral type
fracture had nerve transection. Radial nerve function recovered
in most of the patients (95.8%). Average duration for fracture
union was 6.7+3.8 months (range 3 to 18 months).

Conclusion: Spiral fractures of humerus, particularly with
wedge fragment, may be a candidate for early surgical
exploration. Early exploration may be beneficial in terms of
early identification of neural injury in patients with radial
nerve dysfunction associated with spiral and comminuted
humerus fracture.

Keywords: Humeral fracture, nerve contusion, peripheral nerve
injuries, radial neuropathy.
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Amag: Bu yazida humerus cisim kirigiyla birliktelik
gosteren radial sinir fel¢li olgularda erken donem sinir
eksplorasyonunun sonuclari sunuldu ve hangi olgularda erken
sinir eksplorasyonunun faydali olabilecegi arastirildi.

Hastalar ve ydéntemler: Humerus cisim kirigina eslik
eden tam duyu ve motor radial sinir hasar1 olan 24 hasta
(17 erkek, 7 kadin; ort. yag 36 yil; dagilim 18-72 yil)
retrospektif olarak incelendi. Yuksek enerjili travmali
hastalar ile spiral ve pargali kirig1 olan dusuk enerjili
travmalir hastalar ¢aligmaya alindi. Tum hastalara sinir
eksplorasyonu kirik olusumu sonrasi ortalama 4.8 ginde
(dagilim 1-20 gun) uygulandi. On ikinci haftaya kadar
norolojik iyilesme olmayan hastalara elektrofizyolojik
degerlendirmeler uygulandi.

Bulgular: Ameliyat edilen 24 hastanin 14’unde (%58.3)
gorillen spiral humerus cisim kiriklar1 en yaygin kirik
tipi idi; bunu dort hastada transvers (%16.6) ve iki hastada
(%8.3) parcali kirik izledi. Eksplorasyon sonucu yedi
hastada (%29.1) sinirin kirik fragmanlar1 arasinda sikismis
oldugu goruldu; bu hastalarin cogunlugu (n=6) spiral
humerus kirikli idi, bir hastada ise parcali kirik vardi.
Spiral tip kirigi olan bir hastada sinir transeksiyonu vardi.
Hastalarin ¢ogunlugunda (%95.8) radial sinir fonksiyonlar1
iyilesti. Kiritk kaynama suresi ortalama 6.7+3.8 ay
(dagilim 3-18 ay) idi.

Sonug: Spiral humerus kiriklari, ozellikle kama
fragmanli olanlar, erken cerrahi eksplorasyon icin aday
olabilir. Erken donem eksplorasyonu spiral ve pargali
humerus kirigina eslik eden radial sinir disfonksiyonlu
hastalarda sinir hasarinin erken saptanmasi acisindan
faydali olabilir.

Anahtar sozciikler: Humerus kirigi, sinir ezilmesi, periferik sinir
hasarlari, radial noropati.
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Humeral fractures are problematic in all ages.!
The incidence of radial nerve injuries with humerus
fractures has been documented to be between 2% to
25%.%4 The nerve may be injured due to contusion,
laceration, traction or entrapment between the
fracture fragments.”! Potential advantages of early
exploration of a radial nerve palsy following a closed
fracture of the humerus are immediate fracture
stabilization and earlier rehabilitation, less muscular
atrophy and endplate loss, and earlier return to
function.™ In this article, we aimed to present the
results of early nerve explorations in cases with radial
nerve palsy associated with diaphyseal fracture of the
humerus and to investigate in which cases early nerve
explorations may be beneficial.

PATIENTS AND METHODS

Twenty-four patients (17 males, 7 females; mean age
36 years; range 18 to 72 years) treated surgically for
humeral shaft fracture with radial nerve palsy at
Pamukkale University Hospital between March 2006
and March 2014 were included in this retrospective
analysis. Early explorations were performed in all
patients who underwent surgery within 4.8 days
after the injury (range 1 to 20 days). The mean follow-
up time was 32 months (range 14-120 months). The
series contained 24 traumatic fractures which were
classified according to the AO (Arbeitsgemeinschaft
fiir Osteosynthesefragen) classification. The study
protocol was approved by the Ethics Committee of
Pamukkale University Faculty of Medicine. Written
informed consent was obtained from each patient,
and the study was conducted in accordance with the
principles of the Declaration of Helsinki.

Modified non triceps splitting approach
was used where the triceps muscle is retracted
medially to expose the radial nerve, proximal to
its piercing of the intermuscular septum. After
exploration of the nerve, either plate fixation or
intramedullary nail is used to fix the fracture.

No cast or brace was used postoperatively.
Shoulder and elbow range of motion (ROM) was
initiated at postoperative first day. The degrees of
shoulder forward flexion, abduction, and elbow
extension and flexion were evaluated with a universal
goniometer. Visual analog pain scale (vertical, 10 cm)
was used. Third month after surgery, the Disabilities of
the Arm, Shoulder and Hand Questionnaire (Turkish
version) was used to assess the upper extremity
functional level. Jamar hydrolic hand dynamometer
(Lafayette Instrument Company, Lafayette, IN, USA)
was used to measure grip force. Clinical assessment
after fracture healing was performed according to
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Hunter’s criteria” The patients were followed-up
by routine clinical examination for nerve recovery.
Electrophysiological assessment was conducted in
cases with no neurological recovery until 12 week.

Data were analyzed using the SPSS version 16.0
(SPSS Inc., Chicago, IL, USA). Descriptive statistics
(means, frequencies, and standard deviation) were
used to describe characteristics of humeral fractures.

RESULTS

Twenty patients (83.3%) sustained injury as a result of
high-energy trauma, while four patients (16.6%) had
humerus shaft fracture due to low-energy trauma.
All patients were right-hand dominant. While right
humerus was injured in 58.3% (n=14), left humerus
was injured in 41.6% (n=10).

Seven fractures (29.1%) occurred in the middle one
third, 13 (54.1%) in the distal one third of the shaft
of the humerus, and the remaining two (83%) in the
proximal one third of the shaft. Two patients (8.3%)
had segmental fractures, involving both the middle
and distal thirds of the humerus. Seven fractures had
no comminution, 15 patients had comminuted fracture
involving a wedge fragment, and two patients had
significant comminution or bone loss. Three patients
had open fractures.

Spiral fractures of the humerus shaft were by
far the most common; of the 24 operated patients,
14 (58.3%) had this type, followed by transverse
fracture in four patients (16.6%) and comminuted
fracture in two patients (8.3%) (Figure 1, 2). Of the
remaining patients, two had fragmented wedge, one
had bending wedge, and one had oblique fracture.
Fractures were classified according to the AO
classification system (Table 1).

At exploration, nerve compression between the
fragments were found in seven patients (29.1%),
more often with spiral fractures of humerus (6 cases
including 5 Bl and 1 A1) (Figure 3a, b). One patient
with nerve injury had comminuted fracture (C3).
Only one of the 24 (4%) explored patients had nerve
transection. Transected nerve was repaired primarily
using a microscope. In 68% of all cases, the nerve
was slightly to moderately bruised. The recovery was
complete in 12 weeks (range 8 to 24 weeks). Signs of
recovery were delayed for eight months in one patient.
Radial nerve functions returned in all patients except
one. Radial nerve entrapment in fracture callus was
identified during second exploration in the patient
whose nerve functions had not returned at one year
follow-up. Tendon transfer was performed on that
patient.
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Figure 1. Preoperative X-ray with nerve entrapment.

Average time to union was 6.7+3.8 months (range
3 to 18 months). Healing was delayed in two cases
with comminuted fractures. An assessment of
functional outcome by Hunter criteria revealed small
impairment in daily activities because of restricted
movement in eight patients (22.9%) (Hunter G3), mild
restriction in movement not affecting daily activities
in 11 patients (314%) (Hunter G4), and full ROM
in shoulder and elbow (Hunter G5) in 16 patients
(45.7 %). Range of motion of the affected extremity
was not statistically significantly different from the
unaffected side (Table 2). There were no significant
differences in terms of grip force between the injured
and uninjured extremities (p=0.451).

DISCUSSION

The appropriate management of radial nerve
dysfunction in closed humeral shaft fracture is still
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Figure 2. Postoperative X-ray; internal fixation with a medial
distal tibial plate.

controversial.*®! There is a tendency to believe that
these injuries do not require early exploration and
their observation is appropriate.”! On the other hand,
some continue to consider immediate exploration
of closed injuries if there is a high-energy injury
mechanism."”! Advocates of early exploration of radial
nerve suggest that there are potential advantages
which may be listed as follows; (i) it is technically
easier and reliable, (i) examining the nerve clarifies
the extent of the lesion, thus facilitating neurorrhaphy,
(iii) shortening of the bone may permit primary
nerve repair, (iv) stability of the fracture may protect
the radial nerve from further trauma, and (v) the
damaged nerve can be separated from the developing
scar tissue or callus.' The extent of the nerve injury
might vary from a mild bruise to severe crush,
entrapment or laceration. Accurate visualization of
the injured nerve may help to shorten the time gap
between injury and treatment. Early repairs are more

TABLE |

Classification of 24 fractures of humeral shaft according to AO system

Fracture type Type of AO classification ~ Number  Entrapped nerve  Injured nerve
Spiral Al 1 1 -

B1 10 5 -

Ct 3 - 1
Transverse A3 4 - -
Comminuted C3 2 1 -
Wedge B3 2 - -

B2 1 - -
Oblique A2 1 - -
Total - 24 7 1

AO: Arbeitsgemeinschaft fur Osteosynthesefragen.
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Figure 3. (a) Proximal and varus displacement of spiral fracture
of humerus led to entrapment of nerve at fracture site (radial
nerve is indicated with an arrow). (b) Surgical decompression
of nerve resulted in neurological recovery (radial nerve is
indicated with an arrow).

efficient than late repairs.' Spontaneous recovery of
neural functions after conservative management in
some series has been reported as 70%.°"3 Also, at
early exploration, some authors found the nerve either
lacerated or interposed between fragments to be as
high as 47%.1411 These findings indicate that early
exploration may be beneficial in a significant number
of the cases.

Advocates of late exploration restricts surgery
to cases without spontaneous nerve recovery at
three to six months, recommend 16 to 18 weeks
of expectant management and nerve repair to be
performed no later than seven months after injury.!
An average duration from injury to recovery may be
up to eight to nine months due to waiting period in
late exploration. Factors that influence the outcome
after grafting include the length of the defect that
should be bridged and the denervation time." In our
study, the lacerated nerve (4.1%) was repaired end
to end with no delay, preventing the gap formation
that necessitates another incision for sural nerve
graft. Seddon et all! reported the importance of
reducing the interval between injury and repair.
Thus, prolonged denervation after delayed nerve
repair is detrimental to functional recovery and
accounts for a 90% reduction in the number of
functional motor units.t® This condition might lead to
increased morbidity. Delaying the exploration might
also cause the degeneration of the nerve in cases with
entrapment which is seen in 29% of the cases.
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TABLE Il

Range of motion, pain and functional level

Variables Min.-Max. Mean+SD
Shoulder
Flexion 145-180 170.61£14.7
Extension 32-45 42.8+5.7
Abduction 98-180 159.1£31.8
Internal rotation 45-90 78.6+18.1
External rotation 50-90 81.2£16.0
Elbow
Flexion 70-145 123.9+29.3
Extension -20-0 -3.3+71
Pain(VAS)
Rest 0-5.5 1.4+£2.5
Activity 0-7.5 3.2+1.9
DASH-T 18-82 28.9124.0

Min.: Minimum; Max.: Maximum; SD: Standard deviation; VAS: Visual analog scale;
DASH-T: Disabilities of the Arm, Shoulder and Hand.

Experimental studies have demonstrated poor
functional recovery when nerve repair is delayed
for three months due to decreased motor neuron
regeneration capacity.® An injured peripheral nerve
has to be treated within six months to regain an
optimal functional outcome; otherwise, irreversible
muscle atrophy may occur due to degeneration of the
motor endplate."™ Muscle atrophy begins immediately
after denervation and 60% to 80% of muscle volume
may be lost at four months." In another study, after
delayed repair of more than four months, regeneration
declined to approximately 33% of the number of
axons that could regenerate after an immediate nerve
repair.?? We believe that early repair is technically
easier and has superior outcomes compared with
delayed repair.

It has been reported that ROM was decreased by
more than 10 degrees in the shoulder (40% of cases)
and elbow (24% of cases) when functional bracing
was used.” Sarmiento et al.?? reported less than 15
degrees of abduction and rotation loss in nine of 49
patients at the time of sleeve removal. No brace or cast
was used in our patients, thus they had better ROM.
Importantly, patients were operated on early and their
fractures were given enough stability to allow early
ROM exercise; therefore, shoulder and elbow joints
had no time to freeze.

Literature search revealed that transverse (21.2%)
and spiral fractures (19.8%) had a significantly
higher occurrence of radial nerve palsy (p<0.001)
than oblique (8.4%) and comminuted fractures (6.8%).
In our series, the nerve was entrapped between
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fragments in seven of the patients who underwent
surgical nerve exploration. In six patients, the type
of fracture was spiral (according to AO classification,
6 Bl and 1 A1) and the remaining one patient had a
comminuted fracture (C3). There was also a spiral
type of the fracture (C1) in the patient with nerve
laceration. In half of the patients with spiral fractures
with wedge fragment, the nerve was entrapped
between fragments (Figure 1). Thus, we suggest that
spiral fractures, particularly spiral fractures with a
wedge fragment, may be a candidate for early surgical
exploration.

The limitation of our study is the lack of another
group with late nerve exploration and a conservative
treatment group. In conclusion, early exploration
might be beneficial in terms of early identification of
neural injury since severe and permanent damage to
the radial nerve due tolaceration or gross impingement
by displaced bone fragments, scar tissue, or callus
might be prevented in radial nerve dysfunction with
spiral and comminuted humerus fractures. There was
a recovery in radial nerve function in most of the
cases in our series (95.8%) after surgical fixation of
the fracture. Early exploration may be advantageous,
particularly in spiral fractures (Al, Bl, and C1) for
early return to a functional life, may diminish the risk
of restriction in ROM, and enhance a more complete
and constant functional recovery.
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