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Humerus Shaft Fractures – Where Are We Today? 

Zlomeniny diafýzy pažní kosti – kde se nacházíme?
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SUMMARY

Humeral shaft fractures account for about 1-3% of all fractures. These fractures are regarded as the domain of non-sur-
gical management. This is certainly still the contemporary view but there is an obvious trend towards surgical stabilization.
Surgical treatment of humeral shaft fractures has nonetheless been greatly facilitated by the development of new implants.
In particular, a new generation of nails that general permit immediate mobilization have become available for improved
management of longitudinal and multi-segmental fractures. Retrograde and antegrade nails have advantages and disa-
dvantages and selection procedure is often based on the distal or proximal location of the fracture. Plates also offer an
alternative for certain indications and have advantages at the proximal and distal shaft in particular. If there is primary lesi-
on of the radial nerve, exploration is not very advisable, but in the absence of remission exploration can be conducted after
several months with the same degree of success.

Since the published literature offers no comparative studies with a high level of evidence, our statement can only be
regarded as an up-to-date recommendation in the hope that future prospective randomized studies will address this issue.

Epidemiology
As a percentage, humeral shaft fractures account for

about 1–3% of all fractures(43). Of these, about 10% are
open fractures. Incidence is 11.5 per 100,000 people
annually, or 0.011% (13). There are 2-3 frequency peaks
(11, 38, 39, 43):
– during adolescence 
– in the 3rd decade of life in men as a result of mode-

rate to severe trauma 
– in the 5th - 7th decades of life, especially in women

after a simple fall. 
Humeral shaft fractures are generally simple fractu-

res of the mid-diaphysis. The incidence of primary lesi-
on of the radial nerve in association with humeral shaft
fracture is quoted at 11.8% on average(41). In more
elderly people, humerus fracture due to a fall is gene-
rally proximal, sub- or infracapital. There is a predomi-
nance of women due to post-climactic demineralization
of the skeleton (43). 

Aetiology
In principle, the mechanism of injury may be direct

or indirect. In the case of indirect force the accident
involves falling onto the elbow or hand. Direct force is
applied during impact of the folded arm with an edge
or, more often, during direct impact of the abducted arm
with an obstacle. Depending on the mechanism, the frac-
ture may include a bending wedge. High energy trauma
often produces multifragmentary and/or severely dislo-
cated fractures. Accidents in trade and industry, e.g. an
arm is pulled into an industrial machine or run over, are
associated with substantial soft tissue injuries and even

subtotal amputation and/or proximal avulsion lesions of
the plexus or vessels. The severity of these injuries can
be classified with reference to the Injury Severity Sco-
re (ISS).

On the Abbreviated Injury Scale (AIS) a score of 2 is
given to closed humerus fractures, and a score of 3 to
open or displaced fractures, comminuted fractures, and
simple fractures with lesion of the radial nerve.

Treatment
In his 1964 article entitled “Against the operative tre-

atment of fresh humeral shaft fractures“ Lorenz Böhler
wrote: “Of all shaft fractures of the long bones humeral
shaft fracture is the most benign. Apart from very few
exceptions it can almost always be treated non-surgi-
cally in the simplest way by appropriate bandaging. It
is only necessary to know that the most important task
of fracture treatment is to achieve a shortening of
1–10 mm, and that, for example, in transverse fractures
displacement by a whole shaft width with functionally
and cosmetically unimportant shortening is irrelevant
providing there is no noteworthy axial or rotational
deformity“ (6). Since then non-surgical treatment of
humeral shaft fractures has retained its high status. As
for fractures affecting other parts of the body there has
been a gradual change of paradigm in recent years that
is also relevant to the management of humeral shaft frac-
tures. On the one hand, changes have arisen from advan-
ces in surgical methods and implants, on the other hand,
patient attitude has become increasingly demanding,
whereby rapid stabilization of the injured extremity and
the fastest possible restoration of function is expected.
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nal Dynamic Compression Plate (DCP) (9, 18, 29). Pre-
cise documentation of the intersection of the radial ner-
ve with the plate reduces the risk of damage at subse-
quent surgery. A screw in every second plate hole with
anchorage in a total of 4 cortices is sufficient to stabili-
ze locking plates (17, 40). In the literature, comparison
with intramedullary techniques has produced varying
outcomes. Some authors report better results with intra-
medullary implants and think that plates should be reser-
ved for specific indications only. Others report a higher
complication rate wtih nails and tend to prefer plates (12,
25). Putti et al. also describe a higher complication rate
with nails than with plates but found comparable clini-
cal outcomes for both implants (31). Bhandari et al. con-
ducted meta-analysis and concluded that plate osteo-
synthesis might lessen the risk of re-operation and
shoulder impingement but also established that publis-
hed reports were inconsistent (4). Although good results
have been achieved with minimally invasive plate inser-
tion we would not necessarily recommend it, in parti-
cular because of the high risk of injury to the radial ner-
ve (2, 3).

Plate osteosynthesis is recommended for open frac-
tures, very distal shaft fractures (Fig. 2) and when explo-
ration of the nerve is required (12, 15, 20, 28, 32). Addi-
tional indications are situations requiring compound
osteosynthesis in pathological fractures and the mana-
gement of an increasing number of periprosthetic frac-
tures. The latter present a considerable challenge to the
treating surgeon because of the limited options for screw
anchorage in the proximal shaft when bone quality is
poor. An additional indication for plating could be very
proximal shaft fractures or combined shaft and humeral
head fractures (19, 21, 42).

CLASSIFICATION

Internationally the most widely accepted classificati-
on is that of the Association for the Study of Internal
Fixation (AO/ASIF) as published by Müller and Naza-
rian (27). Every anatomical region gets a number star-
ting with the humerus as number „1“, forearm number
„2“, femur number „3“ and lower leg „4“. Then it desc-
ribes the bone segments into proximal „1“, shaft „2“ and
distal „3“. As consequence humeral shaft gets the num-
ber „12“. Then the fractures are classified in simple = a,
wedge = b and complex = c (Fig. 1).

Non-surgical treatment
In principle, prognosis is favorable for healing of

humeral shaft fractures because of the soft tissue situa-
tion and the physiological weight bearing axes. This is
the conclusion drawn by Sarmiento et al. from their
retrospective study of 920 humerus fractures treated
non-surgically, of which 67% were available to follow
up (34–36). Non-surgical treatment consisted of initial
immobilization of the fractured arm at an angle of 90°
at the elbow followed a few days later by application of
a brace. Pseudarthrosis formed in only 6% of open and
less than 2% of closed fractures. The functional outco-
me was good in 98%, refracture was rare and was also
treated non-surgically. The average time to healing was
about 11 weeks. Good functional outcomes were achi-
eved even in fractures displaced by one shaft width, axi-
al deformities up to 20° and shortening of up to 1 cm. 

Surgical procedure
In recent years a trend has developed towards surgi-

cal management of humeral shaft fractures. The obvi-
ous advantages of surgical treatment are, on the one
hand, a shorter immobilization time, greater patient
comfort, fewer essential radiological examinations,
more rapid rehabilitation and shorter periods of work
incapacity (20, 30). The disadvantages are general sur-
gical risks, especially possible nerve injuries with con-
sequent motor and sensory deficits. 

The indications for which surgical management is
generally recommended are open fractures with or wit-
hout concomitant vessel and nerve injuries and also de -
teriorating neurological deficit, multi-segmental fractu-
res, pseudarthroses and failure of non-surgical treatment
(20, 23). 

Additional indications may included, for example,
positioning problems with polytraumatized patients and
improvement of intensive care, bilateral humerus frac-
tures and severe obesity (20, 25).

Plate osteosynthesis
A posterior approach is the standard approach to the

mid and lower shaft regions. As a rule, the standard
implant is the broad or narrow 4.5 mm plate [generally
the fixed angle “Locking Compression Plate – LCP“
(14)]. Biomechanical testing has revealed an advantage
of the 4.5 mm plate over the 3.5 mm plate but has shown
no advantage of fixed angle screws over the conventio-
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Fig. 1. AO-Classification of humerus shaft fractures accor-
ding to Müller et al. (27)
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Fig. 2. Humeral shaft fracture combined with a fracture of the
ulnar condyle. Because of the additional condylar fracture we
indicated a plate osteosynthesis of the humeral shaft and
screws for the condylar stabilization.

Intramedullary implants 
Since Küntscher presented his intramedullary nail and

von Hackethal introduced bundle nailing in 1961, nume-
rous intramedullary implants have been developed. In
the meantime, the Seidel nail and the Unreamed Hume-
ral Nail (UHN) have become established in clinical rou-
tine. The advantages and disadvantages of ante- and
retrograde approaches are well documented (1, 5, 7, 24).
The improved outcomes reported for retrograde inserti-
on arise from preservation of the rotator cuff in retro-
grade nailing technique (5, 37). A retrograde approach
is generally technically impossible for distal fractures.
In shaft and multi-segmental fractures that extend to the
very proximal region, nails over a retrograde approach
often compete against long plates or nails with a proxi-
mal joint component (Fig. 3). Rommens et al. in their
collective found that patients with antegrade nails ten-
ded to present at follow up with shoulder complaints and

those with retrograde nails with elbow complaints, whe-
reby 93.5% of their total sample of humerus fractures
stabilized by nailing achieved good to very good outco-
mes (33). Cheng and Lin in their study also concluded
that both antegrade and retrograde nailing procedures
yield similar outcomes (10). We do not consider it neces-
sary to conduct endoscopy-assisted intramedullary nai-
ling to preserve the radial nerve (45).

A locking nail of the newest generation is the so-cal-
led Flex nail (Synthes company). This nail can be inser-
ted in both ante- and retrograde technique. Its flexiblity
permits antegrade insertion close to the greater tuberc-
le but away from the joint surface. The risk of shaft dis-
ruption during retrograde insertion of the nail is greatly
reduced. In the case of mid shaft fractures the satellite
wires provide rotational stability thus eliminating the
need for additional proximal locking as well as the risk
of injury to the axillary nerve (Fig. 4). Early clinical out-
comes have been very promising (26).

Fig. 3. Proximal humeral shaft fracture. We decided to stabi-
lize with an antegrade nailing with spiral blade, alternatively
a long proximal plate could be used. X-rays of the fracture,
after stabilization and after 1 year and stable fracture healing.

Fig. 4. 25-year-old man with a midshaft fracture. Antegrade
nailing will be possible and may be a good alternative but for
protection of the rotator cuff we indicated a retrograde „Flex
nail“.

Managing traumatic radial nerve lesions 
The prevalence of radial nerve lesions after humeral

shaft fractures lies between 9 and 18% (16, 41). Grass-
mann carried out a survey of 495 traumatology clinics
and concluded that even though a wait-and-see policy is
recommended in cases of primary radial palsy after
humeral shaft fractures based on a high spontaneous
remission rate of 90%, nerve revision is often performed
anyway in clinical routine. In these cases, it does not
seem logical to insert a locking nail in minimally inva-
sive technique because there is direct visualization of the
fracture zone and radial nerve. However, the fact rema-
ins that total discontinuity of the nerve is rare and the
spontaneous remission rate is high (16). Based on sys-
tematic literature searches of 391 publications, Shao et
al. recommend management as shown in Fig. 5 (41). In
any case, they were able to show that early exposure of
the nerve did not produce better outcomes than a more
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by the development of new implants. In particular, a new
generation of nails that general permit immediate mobi-
lization have become available for improved manage-
ment of longitudinal and multi-segmental fractures.
Retrograde and antegrade nails have advantages and
disadvantages and selection procedure is often based on
the distal or proximal location of the fracture. Plates also
offer an alternative for certain indications and have
advantages at the proximal and distal shaft in particular.
If there is primary lesion of the radial nerve, explorati-
on is not very advisable, but in the absence of remissi-
on exploration can be conducted after several months
with the same degree of success.

Since the published literature offers no comparative
studies with a high level of evidence, our statement can
only be regarded as an up-to-date recommendation in
the hope that future prospective randomized studies will
address this issue.
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cautious approach and therefore recommend an initial
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to exploration of the nerve (44). These recommendati-
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CONCLUSION 

Humeral shaft fracture is regarded as the domain of
non-surgical management. This is certainly still the con-
temporary view but there is an obvious trend towards
surgical stabilization. Surgical treatment of humeral
shaft fractures has nonetheless been greatly facilitated
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Fig. 5. Treatment algorithm for radial nerve palsy associated
with humeral shaft fracture. The role of ultrasound has not yet
been properly determined. (EMG, electromyogram; NAP, ner-
ve axonal physiology; NCV, nerve conduction velocity) (sour-
ce: Shao, Harwood et al. 2005 (41)).
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