The Open Orthopaedics Journal, 2011, 5, 319-323 319

Primary Exploration of Radial Nerve is Not Required for Radial Nerve
Palsy while Treating Humerus Shaft Fractures with Unreamed Humerus

Nails (UHN)
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Abstract: Background: Today, humerus nails have become the surgical method of choice in the treatment of humerus
shaft fractures. Whether or not the radial nerve should be intraoperatively examined by default in case of primary paresis

is currently under discussion.

Patients and Methods: Clinical findings from 38 patients with humeral shaft fractures surgically treated with unreamed
humerus nail (UHN) at the Department of Accident Surgery, University Clinics Bonn, Germany, between 2000 and 2003
were retrospectively assessed. Constant Score was applied for evaluation of functional results.

Results: In 40% of patients, primary radial nerve paresis was present. This was especially common after high energy
trauma (e.g. traffic accident) and significantly increased in fractures of the middle third. In 93% of cases, spontaneous
remission of motor and sensory loss was observed. No iatrogenic radial nerve impairment occurred.

Conclusion: Due to the high rates of spontaneous remissions of radial nerve palsy after treatment with UHN in humerus
shaft fractures, primar exploration of the radial nerve does not appear to be necessary.
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INTRODUCTION

In accident surgery, humerus shaft fracture is not very
common, with an incidence of 1% in relation to fractures of
all limbs. Due to the radial nerve’s anatomical proximity to
the humerus shaft, concomitant injuries of this nerve are of
specific interest. In their systematic review, Shao and co-
workers reported on 532 cases of radial nerve palsy in 4517
humerus shaft fractures [1] corresponding to a rate of 11.8%.

Palsy of the radial nerve leads to considerable
impairment of day-to-day functions. For example, opening
of the hand for grasping of objects becomes impossible.

In the last 50 years, therapy of humerus shaft fracture has
been widely discussed. A distinct trend towards surgical
treatment has been noted since the 1980s. While in 1964,
Bohler still postulated conservative treatment of this fracture
[2], by 1991, more than 50% of humerus fractures were
treated surgically [3], mostly with osteosynthetic plating
with mandatory examination of the radial nerve. Prevalence
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of less invasive nail techniques, introduced for the humerus
by Seidel and co-workers [4], and subsequent improvement
of nail design resulted in a paradigm shift in the last decade.
However, controlled prospective studies comparing
conservative and surgical treatment of humerus shaft
fractures are still lacking.

Aim of the present study is to analyze incidence of radial
palsy following humerus shaft fracture treated with
unreamed humerus nail and whether palsy remission occurs
without intraoperative examination of the radial nerve.

PATIENTS AND METHODS

The present study included all patients with humeral
shaft fractures surgically treated with unreamed humerus nail
(UHN) at the Department of Accident Surgery, University
Clinics Bonn, Germany, between 2000 and 2003.
Retrospective analysis was based on medical records,
surgical reports and radiograms.

Demographic data, accident details and information on
secondary interventions and extent of trauma were obtained
from patients’ medical records. Data from surgical reports
included indication for surgery, time and duration of surgery
and intra- and postoperative complications. In addition,
extent of soft tissue damage was documented, in closed
fractures according to Tscherne and Oestern [5] and in open
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fractures according to Gustilo [6]. Fracture classification was
assessed on the basis of the AO Classification of Fractures.

Twenty-four patients were included in long-term follow-
up and interviewed regarding subjective complaints and
personal assessment of treatment results. Functional
examination included: range of motion the shoulder and
elbow joint, measured according to the neutral-0 method.
Documentation of incidence of radial nerve palsy, affected
areas and remission was of specific interest. Constant Score
was used to record functional results [7].

All examinations were carried out according to the
Declaration of Helsinki as revised by the World Medical
Association and respective legal regulations.

Statistical data assessment was performed using SPSS
13.0. Frequency distribution was examined for statistical
significance with the chi-square test. Differences between
groups regarding parametric data were established with the #-
test, non-parametric group comparisons with the Mann-
Whitney-U-Test. All statistical analyses were performed
exploratively. A p-value < 0.05 was considered statistically
significant.

RESULTS

Between 24 Nov 2000 and 7 March 2003, 38 patients (20
female (53%) and 18 male (47%)) with humeral shaft
fractures were treated with unreamed humerus nails (UHN)
at the Department of Accident Surgery, University Clinics
Bonn, Germany. Average age was 53 years (range 16 — 92
years).

In 13 patients, the fracture occurred as part of a
polytrauma. The remaining 25 cases were monotraumas. In
male patients, 79% of fractures resulted from high energy
traumas, e.g. traffic accidents of fall from a great height
(Table 1). In female patients, low energy traumas, such as
pedestrian falls or accidents in the home, were more
common. However, this difference was statistically not
significant (p = 0.095). The most common cause of accident
was traffic accident in 16 patients (67%), followed by
accidents in the home in about one quarter of patients (n =
9). In seven patients (18%), the fracture occurred
spontaneously due to malignant underlying disease. In three
patients (8%), the fractures resulted from a fall from a great
height or a jump for suicidal reasons. In two patients (5%),
sporting accidents lead to the humeral shaft fracture.

The right arm was affected in 17 patients (45 %), while
in 21 patients (55 %), it was the left arm. Most of the
fractures (58%) were localized at the middle third, while five
fractures (13%) occurred at the distal third and in four cases
(11%), at the proximal third or the intersection of proximal
and middle third, respectively. One (3%) segmental fracture
was recorded. According to the AO Classification of
Fractures, the majority of fractures (55%) were simple ones.
The A3 fracture was followed by the wedge fracture with
spiral wedge (24%).

There was no primary infected injury. In 84% of patients
(n = 32), the fracture was closed, while in 16% (n = 6), it
was an open one.

Grass et al.

Radial Nerve Palsy

On admission, 15 (40%) patients with (all with closed
fractures) presented primary radial nerve palsy (Table 2). No
damage to the musculocutaneous nerve of the arm was noted
in any of these patients.

Table 1. Cause of Accident
Male Female
Cause of Accident
n % n %
Traffic accident 9 50 7 35
driver 2 11 3 15
motorcyclist 5 28 0 0
cyclist 1 6 1 5
pedestrian 1 6 3 15
Sport 2 10
Household 3 17 6 30
Accident at work 1 5
Pathological fracture 4 22 3 15
Fall/jump from great height 2 11 1 5
Table2. Concomitant Neurovascular Injuries
Concomitant Neurovascular Injuries Number Percent
No concomitant neurovascular injuries 22 58
Primary radial nerve palsy 15 40
Lesion of brachial artery 1 3
Lesion of musculocutaneous nerve 0 0

In none of these patients was intraoperative examination
of the nerve carried out. These 15 cases of primary radial
nerve palsy manifested in 53% of patients (n=8) as motor
loss with characteristic drop hand. In seven (47%) patients,
additional sensory loss occurred. In relation to accident
cause, 80% (n=12) of palsy cases occurred as a consequence
of traffic accidents. This was statistically significant (p =
0.01).

At the time of follow-up, complete palsy remission had
taken place in 83 % (n=12) of patients.

While accidents with high energy potential, e.g. traffic
accidents, had a palsy rate of 72%, it decreased to 15% in
low energy accident mechanisms. This difference was
statistically significant (p = 0.02).

Radial nerve lesion occurred most often (60% of cases)
when the fracture was localized in the middle third of the
shaft, followed by 20% of cases localized in the distal third.

In 74% (n=28) of patients, indication for surgery was a
directly preceding primary trauma. In seven patients (18%),
indication was pathological fracture, while in two patients
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(5%), it was a repeat fall onto the arm. Mean incision to
closure time was 74 min (range 30 — 200 min).

Results from Clinical Follow-Up

Follow-up was carried out in average after 25 months. Of
the 38 patients, 24 (63%) could be assessed according to
functionality and native radiology. All of the seven patients
who had suffered pathological fractures and one patient with
polytrauma have since died. None of the patients had
experienced complaints with the fractured or the uninjured
arm prior to the accident.

In total, 88% of all follow-up patients rated their
treatment result as good to excellent. Three (13%) patients
rated it as moderate. There was no gender-specific
difference.

88 % (n = 21) of patients could reach with their operated
arm behind the head, while 75% of patients could place the
dorsum of their hand on their waste.

Complete freedom of pain on the site of surgery was
reported by 33% (n=8) of follow-up patients. Nine (38%)
patients reported mild pain. Moderate pain was experienced
by 25% (n=6) of patients, while one patient complained of
severe pain.

In Constant Score activity tests, patients achieved 7 of 10
points on average. Twenty (83%) patients reported
symptom-free sleep. Full use of the arm for work as well as
leisure activities was reported by 17 patients, respectively.
Ninety-two percent of follow-up patients were able to reach
above the head. The overall result regarding range of motion
of the treated arm was 31 of 40 points on average (76%). For
the untreated arm, it was (95%) points. Thus, the Constant
Score of the affected side corresponded with 62% of scores
of the unaffected side.

Twenty (83%) follow-up patients were able to carry out
all of the required exercises. Only three (13%) patients were
able to perform all internal rotation tasks, while 38% were
able to carry out the eight-point task. Four patients were able
to reach their waist with the back of the hand, a further five
patients the lumbosacral junction and three patients the
rump, resulting in an average result of 6 points.

Full level or 80% of strength, respectively, was regained
by 79% of follow-up patients. On average, patients regained
84% of strength of the unaffected side. Mean Constant Score
for affected side was 79% vs 98% of unaffected side.

Results obtained from patients with a low-energy
accident mechanism were on average 6 points lower than
results from patients with a high-energy accident
mechanism. A summary of functional results in relation to
cause of accident is shown in Table 3. Patients who were hit
by a car as pedestrians achieved the second worst result with
63 points on average. Lowest score values were found in
fractures of the middle third of the humerus shaft. Here,
damage of the radial nerve occurred in 60% of cases.

Of the 24 follow-up patients, 12 had primary radial nerve
palsy. In 10 cases (83%), complete remission of sensory and
motor loss occurred. None of the patients were explored
later. Furthermore, posttraumatic lesion of the radial nerve
had no negative effect on subsequent function of the arm
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(Table 4). The result achieved by the 12 affected patients
was on average better by 3 points.

Table3. Functional Result in Relation to Cause of Accident
Constant Score of Constant Score of
Affected Side Unaffected Side
Mean (n) Mean (n)

Traffic accidents 80 (14) 98 (14)
driver 84 (5) 99 (5)
motorcyclist 84 (4) 97 (4)
cyclist 87(2) 98 (2)
pedestrian 63 (3) 97 (3)
Sport 93 (2) 100 (2)
Household 69 (5) 95 (5)
Work 51(1) 98 (1)
Fall from great height 97 (2) 99 (2)

Table4. Influence of Primary Radial Nerve Palsy on

Functional Result

Constant Score of
Unaffected Side

Constant Score of
Affected Side

Mean (n) Mean (n)
No radial nerve palsy 77 (12) 97 (12)
Primary radial nerve palsy 81 (12) 99 (12)

DISCUSSION

Choice of the best surgical method for fractures of the
humerus shaft has been controversially discussed. While
there is a clear endorsement for medullary nailing in the
lower limbs, this therapy method has only been gradually
applied in humerus shaft fractures, not least due to the fact
that here, surgery indication is generally questioned [8]. The
unreamed humerus nail (UHN) is a novel implant
specifically designed for the upper arm.

In the present study, female patients were on average 13
years older than male patients. The average age of 59 years
for female patients is possibly due to an osteoporosis-related
increase in fracture risk in women after the menopause. This
age distribution was also reported by Brehme and Siebert [9,
10]. In our patient cohort, we also found the gender-specific
age structure as previously reported by Tytherleigh-Strong
[11], with a peak age of 30 — 39 years in male patients and
70 — 79 years in female patients.

Considering the type of accident, 34% of patients,
particularly men, suffered a polytrauma. These findings are
in agreement with those of several other authors [12, 13].
According to their mechanisms, the accidents can be divided
into high-energy and low-energy trauma. High-energy
traumas include traffic accidents or a fall from a great height,
while low-energy traumas include household, sport or
occupational accidents. In the present study, 18 accidents
(58%) were high-energy ones, mostly suffered by male
patients. A similar frequency (56%) was reported by
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Rommens [14], whereas Verheyden [15] observed only in
3% of his patients high-energy accident mechanisms. Most
common fracture cause was traffic accidents (32%) followed
by household accidents (24%), pathological fractures (18%),
falls from great height (8%) and sport (5%) and occupational
accidents (3%). Brehme [9] and Rommens [16] reported on
the same order of fracture incidence for surgical therapy in
their patients.

As with other authors, in the patient cohort of the present
study, the fracture most often occurred in the middle third of
the humerus shaft [2, 17].

Eighty-four percent of all fractures were closed ones. Of
the open fractures, three were grade I and another three were
grade III fractures. These percentages are above those
reported in the literature (6% reported by Blum [8], 6.1% by
Brehme [9]). Only Marty [18] and Rommens [16] observed a
frequency of 11%. In their study - as with our patient cohort
- the number of polytraumatized patients was higher than in
other publications. All soft tissue injuries healed without
complications.

Analysis of age distribution revealed that, with a
balanced gender ratio, patients who suffered from palsy
were, on average, 24 years younger than patients without
palsy. Considering the relationship between cause of
accident and palsy, a statistically significant traffic accident
incidence of 80% was found with mostly younger patients
affected. This explains the above mentioned age distribution.
The same significant correlation was reported by Wawro
[19].

A statistically significant difference was also found
regarding trauma intensity. Thus, up to 70% of primary
radial nerve palsy cases were associated with high-energy
accident mechanisms involving more male (62%) than
female (38%) patients. However, gender did not influence
incidence of palsy since almost the same number of male and
female patients suffered from it. Trauma intensity is
probably crucial for generation of palsy lesion. Alnot and co-
authors [20], who examined the relationship between
accident mechanisms and type of radial nerve lesion,
concluded that high-energy traumas often result in a
transection of the nerve, while low-energy traumas only lead
to nerve contusion.

Need for surgical revision of the radial nerve in primary
and secondary palsy is still controversially discussed. Due to
the high to absolute rate of spontaneous remission within the
first hours and weeks, Bohler [2], in agreement with many
others [10, 21-23], recommended the ‘wait and see’
approach. Under surgical examination, Sonneveld observed
in 13 of 14 cases no nerve damage with subsequent
spontaneous remission. Another argument against revision is
the risk of additional iatrogenic nerve damage during
examination, which occurs on average in 10% of cases [24].
Thus, Wawro [19] is also hesitant about immediate revision
of the radial nerve. He reported a regression rate of 92% in
115 humerus fractures and would consider an exceptional
indication for revision only in connection with cause of
accident (high-energy trauma) or fracture localization.
Primary palsy is mostly transient resulting from traction or
bleeding, whereas direct transection occurs only
exceptionally. For these reasons, Schratz [13] also does not
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warrant primar exploration. In case of no regeneration, early
secondary revision should be carried out between eight and
16 weeks after the accident [11].

As radial nerve palsy remission is often not complete, but
at a rate of 90%, other authors argue - due to the remaining
10% - for rapid surgical exploration [7,19,25]. As
advantages for early revision, its advocates list easier
detection and better assessment of the nerve. They also
consider the often months long wait with uncertainty,
morbidity and unfitness for work unacceptable for the patient
[26]. Highest rates of continuity interruption were reported
by Siebert [10] with 26% of cases and Nast-Kolb [27] with
irreparable nerve damage in 33% of cases. These authors
consider primary and secondary palsy, especially in distally
localized and complex fractures, a distinct indication for
early surgical intervention and stabilization with plating.
This is also the method of choice for Bonnaire [28].

In the University Clinics Bonn, Germany, all humerus
shaft fractures were treated with UHN and without
intraoperative examination of the radial nerve. At the time of
follow-up, remission had occurred in 87% (13 patients) of
cases. Of these, 12 (80%) were complete. The palsy cases
without complete remission improved after neurolysis was
performed. Brehme [9] reported on spontaneous remission
after UHN treatment in seven of nine cases.

Evaluation of subjective upper arm complaints showed
that 21 (88%) patients reported at least one complaint. Most
often (67%), interviewed patients complained about
restriction of movement, followed by strength deficits
(58%), pain (50%), meteorosensitivity (42%) and paresthesia
(21%). Yet, in the surgically treated patients of the
prospective study published by Nast-Kolb [24], most
common symptoms were meteorosensitivity (47%), followed
by strength deficits (40%), pain (30%), paresthesia (20%)
and restriction of movement (16%).

Additionally, patients were asked for their subjective
assessment of the treatment result. This was considered to be
good to excellent by 88% of follow-up patients. This result is
higher than the 82% reported by Nast-Kolb [24] and lower
than the 95% reported by Blum [8]. Of Bonnaire’s patients
treated with plating, 91% assessed treatment results as
excellent to good [28].

In the present study, a Constant Score of 79 points on
average was achieved corresponding to 81% of the
unaffected side. Loitz and co-authors [12] found in their
study on retrograde medullary nailing a value of 87 % for the
unaffected side. In this patient cohort, the only gender-
specific difference was the fact that female patients had on
average a marginally better value by 2% on both sides.

Comparison of scores from high-energy and low-energy
accident mechanisms initially reveals a contradictory result
with higher values for high-energy traumas. This may be
explained by the age distribution. High-energy traumas were
suffered by two age groups, the 10-29 year olds and the 30-
39 year olds. As detailed above, results for the older age
group were worse, while the younger group had excellent
results with better accident recovery.

In summary it can be stated that in high-energy accident
mechanisms, a higher Constant Score — hence a good general
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arm function — depends on age of the patient rather than
strength of impact per se with worst prognosis for impact
traumas. It also of decisive importance whether it was a
mono- or a polytrauma. Patients who were able to start with
physiotherapy directly after surgery had better results than
polytraumatized patients who often had to remain in
intensive care and could only start with limited
physiotherapy. However, due to the small number of
patients, these findings must be interpreted with caution.

CONCLUSION

The present study shows on the basis of clinical findings
and follow-up results that UHN is a simple, minimal
invasive method of rotation stable treatment of humerus
shaft fractures. Due to the high rate of spontaneous
remission, examination of the radial nerve in case of
concomitant palsy is not required.
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