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ABSTRACT

Introduction: Median nerve injuries occur in approximately 3% of pediatric elbow fracture dislocations. These
rare injuries can be difficult to diagnose, and the results are poor in delay cases. Surgical timing is one of the
most important prognostic factors. We aimed to present three patients with median nerve palsy who were
referred to our clinic late, and according to these cases, we emphasized the expected time frame for explora-
tion based on our anatomical cadaver study.

Materials and Methods: Between 2008 and 2010, three patients were referred to our clinic because of
median nerve paralysis after a treated elbow dislocation. The mean interval between injury and referral
was 15 (min: 13-max: 18) months, and the mean age of the patients was 15 (13-18) years. Neurolysis was
performed in two patients, and for the third patent, after neurolysis, axonal continuity was observed to be
disrupted so sural nerve grafting was performed with four cables. Tendon transfers were performed in all
patients. A total number of 20 upper extremities of 10 cadavers were dissected. Due to its proximal inner-
vation and ease of assessment, the muscle innervation of the flexor pollicis longus (FPL) was planned to be
evaluated. The distance from the medial epicondyle is calculated in the cadaver study where the nerve injury
is found.

Results: The mean length from the medial epicondyle to the motor innervation of FPL was calculated in each
specimen and found to be 101.99 millimeters (mm) (range: 87.5-134.2). The mean longest innervation of FPL
was 110.83 mm from (range 87.5-148.1) the medial epicondyle calculated by including each specimens lon-
gest nerve length. Knowing that the healing time of a nerve lesion is T mm per day, we calculated that the
recovery of FPL would take approximately 4 months.

Conclusion: When nerve healing is expected to be T mm a day in axonotmesis type injury, after the median
nerve palsy following elbow dislocation, thumb flexion should be achieved in the following 4 months gener-
ally if the nerve was not entrapped in the joint. This cadaver-based study objectively defined how long to wait
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for the innervation of the FPL in median nerve injuries in elbow fracture dislocations.

Introduction

Elbow dislocations are the second most common major joint disloca-
tion after shoulder joint dislocation in the adult population, and the
most common major joint dislocation in children [1]. Nerve injury is
reported to occur in 5-22% of cases after an elbow dislocation [2].
The ulnar nerve is involved more often than the median or radial
nerve [3].

Median nerve injury may occur in approximately 3% of pediatric
elbow dislocations [4]. Intra-articular entrapment of the median
nerve after elbow dislocations, or fracture dislocations, is an
uncommon but potentially disastrous complication. The clinical signs
and symptoms, which are generally mild in the early period of median
nerve paralysis, could easily be overlooked in a child so the diagnosis is
usually delayed, which further complicates the prognosis. Although
elbow dislocation is infrequent in children or adolescents compared to
adults, median nerve entrapment is usually seen in these age groups.
Avulsion of the open medial epicondylar epiphysis may be considered
as areason for its more frequent injury in this pediatric population [5].

In general, after the 18th month in nerve injuries, muscle atrophy and
irreversible damage occur, so the results of late nerve surgeries are worse

[6]. Montanari et al. evaluated the publications of median nerve injury
after elbow dislocation in children between 1945 and 2020 and showed
that there is a significant relationship between nerve healing and surgical
timing. They stated that there was complete or almost complete recovery
in patients who were treated within 4 months, and poorer functional
recovery treated in an average of 12.4 months [1]. Brendan et al. reported
that the recovery of mixed motor nerves degrades dramatically over
time, as repairs delayed more than 1T month.The authors pointed out that
the worst results occur beyond 3 months [7].

In our study, we aimed to present three patients with median
nerve palsy who were referred to our clinic late, and according to
these cases, we emphasized the expected time frame for exploration
based on our anatomical cadaver study.

Materials and methods
Patients

Between 2008 and 2010, three patients were referred to our clinic
because of median nerve paralysis after a treated elbow dislocation.
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The mean interval between injury and referral was 15 (min: 13-max:
18) months. The mean age of the patients was 15 (13-18) years, and
all had an elbow fracture dislocation (dislocation of elbow and frac-
ture of medial epicondyle). The dislocations were reduced by closed
manner, and open reduction internal fixation was performed in all
cases for fractures. The median nerve lesions were documented by
the referring surgeons and anticipated to be healed conservatively.
Before exploration, EMG (electromyography) was performed for all
the patients, and the results were chronic denervation findings.
Physical examination revealed anterior interosseous nerve paralysis
and sensory loss in median nerve dermatomes compared with the
uninjured hands. All patients underwent exploration, and the median
nerve was found to be entrapped in the joint (Figure 1a, 1b). This
study was conducted according to the principles expressed in
Declaration of Helsinki.

Neurolysis was performed in two patients, and for the third patent,
after neurolysis, axonal continuity was observed to be disrupted so
sural nerve grafting was performed with four cables. Tendon transfers
were performed in all patients. The tendon transfers were
brachioradialis for flexor pollicis longus (FPL), side to side transfer for
the index profundus to the third finger profundus and extensor
indicis proprius transfer for the opposition of the thumb.

Anatomic study

In neuropraxia-type nerve injuries, the recovery period of the nerve
should be expected according to the level of the lesion. This antici-
pated time interval depends on the level of the lesion. Knowing that
the healing time of a nerve lesion is 1 mm per day [8], the location
of the lesion can be estimated in the case of elbow fracture disloca-
tion. The exact time interval to exploration could be determined by
measuring the length of the first motor innervation distal to the
lesion of the affected nerve in a cadaver study. The most proximal
motor innervation of the median nerve below elbow joint is the
pronator teres muscle, but we thought that examination of its func-
tion is not easy for assessing nerve recovery. Instead, due to its prox-
imal innervation and ease of assessment, even in a child, by thumb
flexion, the muscle innervation of the FPL was planned to be
evaluated.

A total number of 20 upper extremities of 10 cadavers were
dissected. The mean age of the cadavers was 57.7 years (36-76). The
cadaveric specimens had no known history of trauma. After median
nerve entrapment in the joint, the nerve should start to heal from the
level of the joint line similar to the level of medial epicondyle, so the

Figure 1a. Thirteen-year-old male patient. Incarceration of the median nerve
was observed during exploration.
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Figure 1bh. Same patient with nerve extracted out of the joint. Note the axo-
notmesis type nerve lesion.

distance from the medial epicondyle is calculated in the cadaver study.
The origin and number of motor branches, and the distance of each
motor branch to FPL muscle were measured. For clinical use, the distance
between medial epicondyle and each motor branches entrance to the
FPL muscle was measured in the extension position of the elbow.

Results

The FPL muscle is generally innervated by the branches from the
anterior interosseous nerve, but in four extremities, additional direct
innervations from the median nerve were observed. In 15 extremities,
the FPL was found to be innervated by two motor branches, in four
extremities, by three motor branches, and in one extremity, by only
one motor branch (Table 1). The mean length of the motor nerve after
branching from the major nerve was measured as 50.27 millimeters
(mm) for branches of the median nerve and 35.98 mm for branches of
the anterior interosseous nerve (Figure 2). The mean length from the
medial epicondyle to the motor innervation of FPL was calculated in
each specimen and found to be 101.99 mm (range: 87.5-134.2 mm).
The mean longest innervation of FPL was 110.83 mm from (range
87.5-148.1 mm) the medial epicondyle calculated by including each
specimen. There was a wide variation in distances between medial
epicondyle and entrance of the nerve branch into the muscle, both
between individual specimens and between specimens of one indi-
vidual (Table 1).

The mean longest innervation of FPL was 110.83 mm from the
medial epicondyle calculated by including each specimen. It was
assumed that after injury, the nerve should heal approximately 1 mm
a day [8]. It has been reported in the literature that end motor plate
regeneration after nerve injuries is irreversible after roughly 18
months [6]. In our cadaveric study, we calculated that the recovery of
FPL would take approximately 4 months. We thought that median
nerve exploration in elbow fracture dislocation should be performed
as soon as possible according to clinical and instrumental data. In the
event of waiting decision, if there is no nerve healing at 4 months, no
more time needed to be expected for surgical exploration. Tendon
transfer surgeries should be performed in addition to nerve exploration if
there is no nerve healing in these cases for more than 12-14 months.

Discussion

The most relevant feature of this study was that it is one of the few
anatomical studies showing the expected time for exploration in rare



16 Y.YOGUN ET AL.

Table 1. The detailed findings of the cadaver study.

Cadaver No:

10R

0L

2L 2R 3L 3R 4L 4R 5L 5R 6L 6R 7L 7R 8L 8R 9L 9R

1R

1L

2
AIN

The number of M. B.
The origin of M.B.

TMN,TAIN

AIN AIN AIN AIN AIN AIN AIN AIN AIN AIN AIN AIN AIN AIN  TMN,1AIN
36.1 46.8 45.5 37.2 40.2

40.0

AIN

TMN,2AIN

TMN,TAIN

57.2 90.8

345

54.2

22.2

347

36.2 65.0

66.7 54.8

46.8

38.8

347

56.1

335

1. Nerve length

2. Nerve length
3. Nerve length

222

26.8 40.2

27.1

263 347 27.1 54.1 26.3 27.5 36.7 184 233 426 358

31.2

12.1

12.2

36.8

20.1

329

20.6
101.7

116.2
85.6

115.2
76.0

106.1
58.3

102.2
109.2

1123
92.6

87.5

124.8
108.6

102.1

108.5
93.9

127.2
107.9

115.6
92.5

125.8
90.8

148.1

112.2
105.2
99.6

107.9
95.5

104.1
102.4

99.4

92.3

7.5
2.3

9
8

M. E.-1. Nerve distance
M. E.-2. Nerve distance
M. E.-3. Nerve distance

105.0

121.1

98.8

77.5

101.5

133.6

88.7

81.8

M.B.: motor branch; M. E.: medial epicondyle; MN: median nerve; AIN: anterior interosseous nerve; the values for motor branches are given in millimeters.

median nerve injuries after elbow
fracture dislocations. Our cadaveric
study emphasizes the time when
innervation is expected, and this
could be a useful tool in such inju-
ries that cause catastrophic results.
The most proximal motor innerva-
tion of the median nerve below
elbow joint is the pronator teres
muscle, but we thought that exami-
nation of its function is not easy for
assessing nerve recovery. FPL inner-
vation was chosen in our cadaver
study because thumb flexion can be
easily evaluated in children.

Although median nerve entrap-
ment following elbow dislocation is
quite rare, it has been previously
classified by Fourrier et al into three
types, with the addition of a 4" type
by Al-Qattan [9, 10]. This pheno-
menonis well knownand commonly
published as case reports in the
literature. The type of nerve injury
and the delay between that injury
and the operation are two parti-
cularly important factors in the
outcome after nerve repair [1, 5.
Therefore, the median nerve entra-
pped in the joint is a lesion that will
not heal spontaneously and should
be treated without delay for
functional outcomes. Our two cases
were Fourrier type 2. The patient we
had grafted with the sural nerve was
Fourrier type 4.

Delay in the diagnosis of median
nerve entrapment is frequently
mentioned in case series reported
in the literature [5, 11-13]. There are
several reasons for this situation.
Since most nerve injuries in closed
joint fracture dislocations are in the
form of neuropraxia, these injuries
are usually underestimated. Symp-
toms tend to be mild in these cases;
moreover, clinical examination of
children is also difficult. Sensory
examination cannot be evaluated in
most children. Two-point discri-
mination is likely to be impaired or
lost, but it is very difficult to distin-
guish in children. In these cases, the
pain may not be severe. For these
reasons, the time between these
injuries and treatment can be long.
Repeated and detailed examinations
and a comprehensive neurological
examination are of greatimportance
in such cases.

In the literature, there are some
findings suggesting median nerve
entrapment. In 1976, Matev
described a radiographic sign

Figure 2. Cadaveric specimen showing median nerve, interosseous nerve,
and the motor branches to flexor pollicis longus (marked with arrows).

consisting of a focal cortical depression on the ulnar side of the distal
humeral metaphysis with interruption of the periosteal reaction in chronic
cases [14]. Packer and Lennox have described the “C” sign—an
incomplete central circular deficit within the medial epicondyle
fracture callus that corresponds to the diameter of the median nerve.
They concluded that this sign appears earlier than Matev’s sign, by
around 6 weeks after injury, and may help with earlier diagnosis [15].
Starting proximal, a distally migrating Tinel’s sign may indicate
progressive reinnervation but loss of functional recovery in expected
time rules out its significance. Additionally, this important clinical
sign is difficult to evaluate in a young child, and advancing Tinel’s sign
is not consistent with a good prognosis for the nerve because this
sign can be evoked by percussion over a relatively small number of
regenerating axons [16]. EMG is likely to reveal findings consistent
with axonotmesis proximal to the branch innervating the pronator
teres, so it is not useful preoperatively for deciding whether to
perform an exploration [17]. Magnetic resonance imaging (MRI) and
ultrasonography (USG) are the gold standard in the evaluation of the
median nerve. MRI is effective both in showing the course of the
median nerve and in demonstrating muscle atrophy and fatty
degeneration. In recent years, the importance of USG has been better
understood because it is a dynamic imaging and can be compared
with the contralateral extremity [18, 19].

Dolderer et al. examined 19 upper extremities in their cadaver
study and found the mean length of the motor nerve innervating the
FPL muscle (medial epicondyle to FPL muscle) to be 106.2 + 16.2 mm
[20]. In another anatomical study, it was shown that the FPL is
innervated by more than one motor nerve [21]. In our cadaveric study
in which we examined 20 upper extremities, we also saw the multiple
innervations of the FPL and calculated the mean of the longest motor
branches. We found that the mean motor length is 101.99 mm, and
the mean longest innervation of FPL is 110.83 mm from medial
epicondyle. When nerve healing is expected to be 1 mm a day in
axonotmesis type injury, these results could be interpreted, to show
that after median nerve palsy following elbow dislocation, thumb
flexion should be achieved in the following 4 months.

It is known that irreversible damage occurs at the neuromuscular
junction at the end of approximately 18 months [6]. As a result of
irreversible fibrosis of a nerve that has been entrapped for a long
time, its structural integrity is also impaired. Therefore, delay in
treatment in nerve injuries causes poor results. Montanari et al. and
Brendan et al. evaluated the publications of median nerve injury after
elbow dislocation and showed that there is a significant relationship
between nerve healing and surgical timing [1]. Montanari et al.
reported that the mean treatment delay in patients with complete
recovery was 1.5 months, and the mean treatment delay in patients
with poor clinical outcomes was 12.4 months [1]. Brendan et al.
reported that the recovery of mixed motor nerves degrades
dramatically over time, as repairs delayed more than 1 month. The



authors pointed out that the worst results occur beyond 3 months [7].
In our cadaver study, we found the mean longest nerve length from
the medial epicondyle to the FPL as 110.8 mm. In other words, if the
nerve integrity is preserved in the injury area and has not been
entrapped, we think that it should heal within a maximum of 4 months.
If radiology also supports entrapment, we should immediately consider
exploration with no other time elapsing in surgical decision. Likewise,
in late cases (after 12-14 months), we should consider tendon transfers.

There were some limitations in our cadaver-based study. Median
nerve injuries after elbow fracture dislocations are frequently seen in
children. However, the cadavers in this study were adult cadavers.
Healing occurs earlier in children because the distance between the
injury site and the end organ is shorter than in adults. Since the nerve
regeneration capacity is better in children, recovery is better than
adults after nerve surgery in late cases.

Conclusion

In conclusion, for median nerve paralysis after elbow dislocation or
fracture dislocation, the surgeon should be aware that the nerve
could be entrapped in the joint and should explore mandatorily. The
major issue in prognosis for this type of nerve injury is the chronicity
of the lesion as supported by the literature that makes the time inter-
val to exploration important. This cadaver-based study objectively
defined how long to wait for innervation of the FPL in median nerve
injuries in elbow fracture dislocations.
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