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�� Humeral shaft fractures are relatively common, represent-
ing approximately 1% to 5% of all fractures.

�� Conservative management is the treatment of choice for 
most humeral shaft fractures and offers functional results 
and union rates that are not inferior to surgical manage-
ment.

�� Age and oblique fractures of the proximal third are risk 
factors for nonunion. Surgical indication threshold should 
be lower in patients older than 55 years presenting with 
this type of fracture.

�� Functional outcomes and union rates after plating and 
intramedullary nailing are comparable, but the likelihood 
of shoulder complications is higher with intramedullary 
nailing.

�� There is no advantage to early exploration of the radial 
nerve even in secondary radial nerve palsy.
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Introduction
Humeral shaft fractures (HSF) are relatively common, rep-
resenting approximately 1% to 5% of all fractures.1–3 The 
annual incidence ranges from 13 to 20 per 100,000 per-
sons and has been found to be higher with age.4–6 HSF 
have a bimodal age distribution with the first peak seen in 
men aged 21 to 30 years following high-energy trauma, 
commonly resulting in comminuted fractures with asso-
ciated soft tissue injuries.7 The second peak is witnessed 
in women aged 60 to 80 years, typically following low-
energy trauma.7

The objectives of this article are to review the evalua-
tion of patients presenting with HSF, delineate the rela-
tive indications of conservative and surgical management, 
summarize treatment-related outcomes and complica-
tions, and to provide some technical pearls to facilitate 
management. Paediatric and periprosthetic fractures 
are beyond the scope of this article and thus will not be 
addressed.

Patient evaluation
History and physical examination

It is essential to obtain a detailed history from the patient 
including the mechanism of injury, neurological symp-
toms, and any associated injuries. Fractures caused by 
low-energy trauma, such as fall from standing height, 
should raise the suspicion of poor bone quality associated 
with osteoporosis or oncologic disease. Past medical his-
tory is also required to help guide the management plan.

Often, patients with HSF present with pain, disabil-
ity, a swollen upper extremity and visible deformity. The 
deformity is usually a varus angulation for most frac-
tures located distal to the deltoid tuberosity but a val-
gus deformity is also possible for fracture lines between 
the pectoralis major insertion and the deltoid tuberosity. 
The skin must be carefully inspected to rule out an open 
wound. The initial neurological examination is then car-
ried out, specifically focusing on radial nerve function. It 
is critical to establish and record the baseline function of 
the radial nerve. The first examination can be limited by 
pain and therefore it is essential to repeat this after pain 
control has been achieved. It is also mandatory to reassess 
the radial nerve function before and after any manipula-
tion and/or treatment (cast, surgery, etc). One should be 
mindful of extending the wrist to neutral before examin-
ing finger extension as lumbrical muscular function can 
be mistaken for intact radial nerve function.

The radial and ulnar pulses should be assessed 
because brachial artery injuries can be associated with 
high-velocity HSF.

Imaging studies

Generally, plain radiographs are sufficient to confirm the 
diagnosis and plan the treatment for HSF. Anteroposte-
rior (AP) and lateral radiographs are required to visual-
ize and make a full assessment of the fracture. Additional 
radiographs of the shoulder and elbow are highly recom-
mended in cases where there is suspected injury to these 
joints (pain around the shoulder or elbow), or shoulder/
elbow not clearly visible. O’Donnell et al8 performed 
bilateral shoulder magnetic resonance imaging (MRI) in 
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33 patients with a HSF and found abnormalities in 63% of 
the shoulders on the injured side, most commonly con-
sisting of a subacromial bursitis (30%) or a partial tear 
of the rotator cuff (15%), although in common practice 
MRIs should not be performed routinely. Computed 
tomography (CT) has no role in the acute setting, but CT-
angiograms should be conducted if there is any doubt 
about the quality of pulses (Fig. 1). CT scan can aid in 
management when used to confirm a nonunion, espe-
cially in spiral fractures.

Management
Decision making

Several options are possible for the management of HSF: 
conservative management, open reduction and inter-
nal fixation (ORIF) with a plate, or closed reduction and 
intramedullary nailing (IMN). An external fixator is also an 
option, however rarely indicated. Undisplaced or mini-
mally displaced HSF are routinely treated conservatively. 
In fact, anterior angulation of 20°, a varus or valgus of 
30°, 15° of malrotation and 3 cm of shortening have been 
shown to adequately maintain the upper limb function.9,10 
For this reason, fractures that are displaced within these 
values following immobilization are good candidates for 
conservative management.

Regarding surgical indications (see Table 1), these are 
divided into three groups:11,12

1)  Local conditions: [soft tissues] i.e. burns, open 
fractures Gustilo III, obese patient (these conditions 

preclude the use of a brace) or [fracture configura-
tion] i.e. pathological fracture, segmental fracture.

2)  Associated injuries: poly-trauma (for general 
care, ambulation, use of crutches), bilateral HSF, 
floating elbow, arterial injury, brachial plexus (con-
servative treatment with brace requires active mus-
cle contraction, i.e. shoulder and elbow function to 
be intact).

3)  Conservative treatment failure: patient not comfort-
able in the brace, unmanageable pain, secondary dis-
placement or absence of an acceptable alignment, and 
delayed or nonunion.

It is important to highlight the fact that there is an 
increased tendency to choose surgical management of 
HSF as an option although this is not supported by the 
literature. This was reported by Huttunen et al,13 using the 
Finland National Hospital Discharge Registry from 1987 
to 2009, which showed a dramatic increase in the rate of 
surgical treatment for these patients. Over this 23-year 
period, the rate of men treated surgically for HSF doubled 
to 46% and nearly tripled for women to 54%. The trend 
towards a more operative approach could be explained 
by the increased demand of patients and achievement of 
earlier mobilization. Innovations in surgical techniques 
may also play an important role.

Conservative treatment

Non-operative treatment is considered by many surgeons 
to be the gold standard for the management of HSF. The 
functional brace introduced by Sarmiento in 197714 uses 
incompressible fluids of soft tissue around the fracture site 
to create a rigid envelope around the fragments, prevent-
ing angular and rotational deforming forces. With muscles 
contracting inside the rigid plastic valve, the bony align-
ment usually improves. Shortening, on the other hand, 
is more dependent on the type of fracture and cannot be 
corrected fully using this technique.

a) c)
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Fig. 1  (a) 27-year-old patient, motor vehicle accident, weak 
but palpable radial pulse. (b) CT-angiogram confirmed brachial 
artery injury. (c) Fracture was urgently fixed through a medial 
approach. Vascular surgeon performed a venous bypass.

Table 1.  Surgical indications

Indications Relative indications

Acceptable alignment cannot be  
achieved with brace

Multiple trauma (patient might 
need weight bearing with crutches)

Conservative treatment failure Bilateral humeral shaft fracture
Intra-articular extension* Open fractures (except with severe 

soft tissue injury)*
Soft tissue condition precludes bracing 
(burns, open fractures with Gustilo III, 
obese patients, gunshot wound, etc.)

Segmental fractures**

Pathological fracture (metastase)** Comminuted fractures
Brachial plexus injury Delay in radial nerve recovery*
Floating elbow  
Vascular injury requiring repair*  

*More suitable for open reduction and internal fixation with plating.
**More suitable for intramedullary nailing.
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Conservative treatment is a stepwise process. At the time 
of the fracture, the upper limb is immobilized in an above-
elbow hanging cast or U-shaped coaptation splint, for a 
duration of 1–2 weeks. Further treatment proceeds with 
immobilization in a prefabricated functional brace (Fig. 
2) consisting of a part around the arm, possibly over the 
shoulder and straps to tighten on a daily basis to accom-
modate the decreasing soft tissue swelling and muscle 
atrophy encountered during the course of treatment. The 
patient is asked to mobilize their shoulder and elbow,15 to 
help align the fractures further. Physical therapy might be 
beneficial in the beginning to aid with shoulder and elbow 
motion. Active and active assisted mobilization of both 
elbow and shoulder according to pain tolerance is recom-
mended from the beginning of treatment. In regard to 
follow-up visits, plain radiographs (AP and lateral) should 
be obtained one week after brace application to make sure 
the alignment is correct or even improving. Subsequent 
radiographs should be obtained every two to six weeks, 
depending on the fracture evolution. The brace should be 
kept until union, which on average is at 10 to 12 weeks. 
It is crucial to note that patient compliance with the treat-
ment is necessary for optimal results.16

Reported outcomes

Union rate with this technique ranges between 77.4% and 
100%.17–20 In a review including almost 2000 patients, 
Papasoulis et al17 reported a union rate of 94.5% and a 
mean time to union of 10.7 weeks.

Several studies have shown proximal third humerus 
fractures treated conservatively had lower union rates 

than those involving the distal two-thirds.19,21,22 Ali et al21 
observed an overall union rate of 83% on a series of 138 
fractures of the humeral diaphysis treated with functional 
bracing. Subgroup analysis showed a lower union rate for 
the proximal third of 76%, whereas the rates for the mid-
dle and distal thirds were 88% and 85% respectively. They 
also found that oblique fractures of the proximal third had 
a lower union rate than other fracture types and locations. 
Ring et al23 also found lower union rates for proximal and 
middle third fractures, and lower union rates for oblique/
spiral fractures.

Alternatively, several other studies have shown a higher 
risk of nonunion for transverse fractures.11,18,20 It is unclear 
at this time what the main factor for these differences is; 
however, a small area of contact between the fragments 
could explain the lower union rate seen in transverse 
fractures. For oblique/spiral fractures on the other hand, 
the reason for this is likely due to incarceration of muscle 
and soft tissues in the fracture site. Comminuted fractures 
show a higher union rate than simple fractures regardless 
of their location.11,21 Ekholm et al11 showed an 82% union 
rate for type A fractures (according to the AO/OTA classi-
fication),24 while type B and C fractures showed 96% and 
100% nonunion rates respectively. In addition, in a retro-
spective study of 79 patients with conservatively treated 
humeral shaft fracture, Neuhaus et al observed that smok-
ing (odds ratio [OR] = 5.8, 95% CI = 1.4 to 25.0), female 
sex (OR = 5.3, 95% CI = 1.2 to 23.0) and initial displace-
ment (OR = 1.4, 95% [CI] = 1.1 to 1.7 for each millimetre 
of gap), increase the risk of secondary displacement at 
six weeks with conservative treatment.25 Lastly, in a ret-
rospective study evaluating union rates after conservative 
treatment of HSF in elderly patients, Pollock et al26 found 
that the incidence of nonunion was significantly higher in 
patients older than 55 years.

In regard to alignment, Papasoulis et al17 reported in 
their review, no impairment of function or decrease in 
clinical scores with a residual deformity of less than 10° of 
varus in more than 85% of the patients.

The functional results following treatment with func-
tional bracing appear to be equivalent to that of surgi-
cal treatment, thus can be used successfully to manage 
HSF.16,20,27,28 Papasoulis et al17 found full range of motion 
recovery of shoulder and elbow for 80% and 85% of 
patients respectively. However, it is important to inform 
patients that the risk of short-term shoulder and elbow 
stiffness might be higher with bracing.

Surgical treatment: open reduction and 
internal fixation with a plate
Indications

Surgical indications are summarized in Table 1. Radial 
nerve palsy (RNP) in HSF is not an indication for surgery 

Fig. 2  Functional bracing.
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as it is associated with a high rate of spontaneous recov-
ery (see also – special considerations/radial nerve, below). 
Alternatively, any vascular injury requiring repair or 
bypass is an absolute indication for surgical management 
of the fracture as the rigid fixation protects the vascular 
anastomosis.29 In this particular case, as the vascular repair 
is performed through a direct approach (usually medial 
approach), internal fixation with a plate is faster and more 
reliable than IMN.

HSF with a proximal or distal intra-articular extension is 
another scenario where ORIF with plate is the preferable 
option.

Surgical exposures

Fractures located in the proximal and/or middle third are 
addressed with the classic anterolateral approach. When 
required, this approach is extended distally to expose the 
entire humerus. However, this approach is not recom-
mended for distal intra-articular fractures.

Fractures of the distal third are usually exposed through 
a triceps-splitting approach. For fractures of the distal and 
middle third, the modified posterior approach described 
by Gerwin et al30 enables exposure of 76–94% of the 
humerus (depending on the radial nerve mobilization and 
intermuscular septum release).

Surgical technique

The patient is positioned in the beach chair position for an 
anterolateral approach. The use of an arm-holder is help-
ful to maintain humeral shaft alignment. Whereas for pos-
terior exposure, lateral decubitus is the preferred position.

The optimal plate construct includes a 4.5 mm plate 
or equivalent and should cover a minimum of six cortices 
above and below the fracture site, although eight corti-
ces are preferable.31 When needed it is recommended to 
combine a small and a large fragment plate, for example 
using a short third tubular plate to maintain the reduc-
tion (transverse fracture or butterfly fragment), and then 
supplementing this with a narrow 4.5 mm plate to defin-
itively fix the fracture (Fig. 3). For distal third fractures, 
the use of posterolateral column precontoured plates 
(3.5/4.5) are recommended allowing strong metaphyseal 
fixation (Fig. 3).

The use of locking screws in HSF plating remains con-
troversial. When comparing locking versus non-locking 
plates for comminuted fractures with good bone quality, 
there is no biomechanical benefit with respect to torsion, 
flexion or axial stiffness between the two constructs.32,33 
On the other hand, when faced with poor bone quality, 
the use of locking plates can be advantageous. In a bio-
mechanical study by Gardner et al looking specifically at 
an osteoporotic fracture model,34 non-locking constructs 
showed significantly lower stability than either locking or 
hybrid constructs.

Minimally invasive plate osteosynthesis is a surgical 
option that appears to offer a high rate of success as well 
as a low complication rate.35,36 However, in a retrospec-
tive study involving 76 patients, van de Wall et al37 dem-
onstrated that absolute stability for simple humeral shaft 
fractures leads to a significantly shorter time to radiologi-
cal union compared to relative stability.

Postoperative management

Generally, it is possible to obtain a stable fixation with 
the use of a plate. For this reason, the patient is permit-
ted to perform active and active-assisted mobilization 
with no shoulder or elbow range of motion restrictions. A 
sling can be utilized for a few days for pain management. 
Postoperative weight restriction should be maintained at 
a maximum of one kilogram until fracture healing is evi-
dent (usually three months). Weight bearing as tolerated 
is allowed (for example the need to walk with crutches) 
for young patients, but this should be discussed on a case-
by-case basis for elderly patients.

Reported outcomes

Union rate after plating ranges from 87% to 96%,38–43  
with an average time to union of 12 weeks. The com-
plication rate ranges from 5% to 25%,44–49 most com-
monly found to be non-specific complications such as 
infection, nonunion and malunion. Iatrogenic RNP is 
a risk with most approaches to the humeral shaft, and 
Streufert et  al50 reviewed 261 HSF treated with ORIF, 
finding iatrogenic RNP occurred in 7.1% of anterolateral, 
11.7% of triceps-splitting and 17.9% of triceps-sparing 
approaches. For this reason, it is vital that the radial nerve 
is identified and protected in all open dissections.

a) b)
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Fig. 3  (a) 75-year-old female. Fall from own height. Poor bone 
quality. (b) Combination of third tubular and 3.5/4.5 mm plate 
(three-month radiographs).
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Surgical treatment: intramedullary 
nailing
Indications

In theory, IMN can offer biomechanical and surgical 
advantages over plating. From a biomechanical point of 
view, the intramedullary positioning of the device aligns 
with the mechanical axis of the humeral diaphysis. For 
this reason the implant experiences lower bending forces 
and allows for better load sharing.51,52 Surgical indica-
tions for nailing are the same as for plating; however, as 
mentioned previously, some fractures are more amena-
ble to plating than to nailing. Fracture characteristics and 
patterns in which IMN has been found to be superior are 
pathological and impending fractures, segmental lesions 
and fractures in osteopenic bone (Table 1).11,12 A simple 
middle third transverse fracture is also a good indication 
for IMN. Furthermore, the nail can be inserted through a 
smaller incision, which allows for less soft tissue stripping 
compared to plating techniques. This is particularly true 
for middle third humerus fractures.

Surgical technique

The optimal patient position for this surgery is in the 
beach chair. The use of an arm-holder is extremely use-
ful in maintaining the shaft alignment as well as when 
performing the distal free-hand locking screw. The entry 
point does depend on the nail design but generally it is 
located at the junction of the greater tuberosity and the 
articular surface of the humeral head, which means one 
has to penetrate the rotator cuff muscles. For this proce-
dure, it is recommended to perform a deltoid-splitting 
approach to visualize the supraspinatus tendon. In fact, 

upon entering the humeral head in the middle of the 
supraspinatus tendon, one will find themselves in the 
centre of the head in the sagittal plane. Using a K-wire 
under fluoroscopy, it is important to ensure that the entry 
point is in an acceptable position in the sagittal and coro-
nal plane. Following this, the wire should be advanced 
further prior to opening the supraspinatus tendon longi-
tudinally above it and under direct visualization. The next 
step involves opening the canal over the K-wire, ensuring 
fracture alignment with traction and/or external manoeu-
vres, followed by advancing the guide in the intramedul-
lary canal down to the elbow. Reaming has been found 
to be superior in younger patients and not always neces-
sary in the elderly patient. Great care needs to be taken 
with the length of nail chosen as too long a nail can lead 
to two technical errors: (1) distraction at the fracture site 
when impacting the nail, and/or (2) protrusion of the nail 
into the subacromial space. For distal bolt placement, AP 
locking is safer and requires a small 2–3 cm approach to 
lower the risk of musculocutaneous nerve injury. Finally, 
the supraspinatus tendon is carefully closed to minimize 
shoulder complications.

The anterograde IMN is preferred over retrograde 
IMN because of specific complications of the latter which 
include iatrogenic supracondylar fracture, loss of elbow 
extension and heterotopic ossification.53,54

For proximal third spiral or long oblique fractures, 
authors recommend a mini-open approach to reduce the 
fracture and then fix it with cerclage wires. In fact, with this 
subtype of fractures, the deltoid has the tendency to abduct 
the proximal fragment whereas the pectoralis major pulls 
the distal fragment medially, which can increase the risk of 
nonunion or delayed union (Fig. 4 and Fig. 5).

a) b)

D

c) d)

Fig. 4  (a) Proximal third oblique fracture. (b) Nail without cerclage. (c) Nonunion. (d) ORIF with precontoured plate.
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Postoperative management

The patient is encouraged to perform active and active-
assisted motions as tolerated for both shoulder and elbow. 
A sling may be used for a few days for pain management. 
Postoperative weight lifting restriction is kept at a maxi-
mum one kilogram until fracture healing is evident (usu-
ally three months). Weight bearing as tolerated is allowed 
in most cases.

Reported outcomes

The literature regarding the management of HSF with the 
locking nail device has been inconsistent. On one hand, 
highly variable nonunion rates (between 0% and 14%) 
have been reported,12,38–43,55–57 with the highest rates 
found with old generation nails. On the other hand, in pre-
vious literature, the incidence of shoulder complications 
(includes pain, impingement, loss of motion or strength) 
(ranges from 6% to 100%).58–60 Part of the problem can 
be explained by subacromial trauma due to a prominent 
nail, scar tissue and/or rotator cuff damage in this hypo-
vascularized critical area causing chronic tendon dysfunc-
tion. Several authors have described different approaches 
avoiding this hypovascular area and repairing the tendon 
in a careful manner that have shown lower shoulder dys-
function rates.55–57

Reported outcomes are summarized in Table 2.

Nail versus plate?
There are many studies comparing IMN and plating out-
comes for HSF. A prospective study by Putti et al,38 com-
paring modern locking nails with direct compression 

plating, found no significant difference regarding union 
rates and functional outcomes, but noted a higher com-
plication rate after nailing of up to 50%. In a systematic 
review, Kurup et al61 found an increased risk of shoulder 
impingement, restriction of shoulder movement and 
need for hardware removal associated with nailing. In a 
meta-analysis by Ouyang et al62 which includes 10 studies 
(439 patients), they confirmed the likelihood of shoulder 
complications associated with IMN. The risk ratio (RR) for 
restriction of shoulder motion (201 patients) was 9.91, 
p = 0.006. The risk ratio for shoulder impingement (305 
patients) was 7.38, p = 0.0003. They did not find any 
other significant differences regarding infection, nonun-
ion, radial nerve injury or implant failure.

Surgical treatment: external fixation
Indications

External fixation remains an option in rare cases such as 
polytrauma patients with severe soft tissue damage, open 
fracture with significant contamination, or associated vas-
cular injury requiring rapid stabilization prior to vascular 
repair.63–65

Surgical technique

Excellent knowledge of neurovascular structures which 
are potentially at risk of injury, notably the radial nerve, 
is required for this surgical procedure. Several authors 
have described the safe positioning of pins.66,67 Proximal 
pins have to be inserted at the level of the deltoid tuber-
osity or higher (avoiding up to 8 cm distal to the acro-
mion to prevent axillary nerve injury), starting directly 

a) b) c)

Fig. 5  (a) Proximal third oblique fracture. (b) Nail with cerclage wire. (c) Fracture union.
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Table 2.  Reported outcomes of humeral shaft fracture treatments

First author Year Type Cohort (n) Union  
rate (%)

Complication Functional

Conservative

Ekholm11 2006 retro 78 89.7 NA NA
Sarmiento14 1977 retro 51 98.0 16% > 5° angular deformity 82% full ROM elbow and shoulder
Sarmiento15 1990 retro 72 (distal  

third)
95.8 81% varus angulation (without precision),  

3% valgus angulation (without precision)
39% posterior angulation from 3–22°, 41% 
anterior angulation from 1–30°,
36% from 2–15 mm shortening

45% loss 5–45° ER, 15% loss 10–60°ABD, 13% loss 
5–20° F, 24% loss 5–25° elbow extension, 26% loss 
5–25° elbow flexion

Denard16 2010 retro 63 79.4 12.7% malunion (> 20° any plane), 3.2% 
infection

Elbow ROM
136.25 ± 28.63 (80–180)

Sarmiento18 2000 retro 620 97.4 NA 8% loss > 10° elbow ROM
Rutgers19 2006 retro 49 89.8 4% skin breakdown NA
Koch20 2002 retro 67 86.6 41.7% deformity > 10° 4.2% unsatisfactory
Ali21 2015 retro 138 83.0 NA NA
Toivanen22 2005 retro 93 77.4 NA NA
Neuhaus25 2014 retro 79 80.0 NA NA
Pollock26 2020 retro 31 68.0 NA NA

Intramedullary nailing

Dimakopoulos55 2005 retro 29 100.0 3% extension of fracture line into the distal 
metaphysis

Average constant score 16 w FU 96, average Mayo 
Elbow Score 95.8/100

Park56 2008 pro 34 94.0 6% proximal protrusions Mean ROM at final FU: elevation 144 ± 23.4, ER 66 
± 18, IR 17 ± 4, Neer’s score 91 ± 10, ASES score 
84.5 ± 12.4, Costant score 84 ± 14

Rommens57 2008 retro 99 97.0 3% secondary RNP, 2% insertion point fracture, 
1% implant malposition

N = 92
Constant score: 91.3% excellent, 5.4% good, 2.2% 
fair, 1.1% poor
Mayo Elbow Score: 81.5% excellent, 14.1% good, 
2.2% fair, 2.2% poor

Putti38 2009 pro 16 100.0 6% proximal impingement, 12.5% iatrogenic 
fracture, 12.5% secondary RNP, 18.75% 
adhesive capsulitis

Mean ASES score 45.2

Singisetti39 2010 pro 20 95.0 5% deep infection Rodriguez-Merchan criteria: 20% excellent, 45% 
good, 25% fair, 10% poor

Changulani40 2007 pro 21 85.7 4.7% deep infection, 33.3% 1.5–4.0 cm 
shortening, 4.7% axillary nerve injury

Mean ASES score 44

Benegas41 2014 pro 19 94.7 5.2% superficial infection Mean UCLA score 31.2 points
Mean Broberg-Morrey score 94.8 points

McCormac42 2000 pro 19 89.0 15% secondary RNP, 5% late fracture, 10% 
intraoperative comminution, 5% infection, 15% 
impingement, 5% adhesive capsulitis (shoulder)

Mean ASES score 47 points

Chapman43 2000 pro 38 95.0 2.6% malunion (> 10° any plane), 5% secondary 
RNP, 10% hardware removal

16% decreased shoulder ROM (> 10° compared 
with contralateral side)

Plate

Denard16 2010 retro 150 91.3 1.3% malunion (> 20° any plane), 4.7% 
infection

130.12 ± 17.01 (25–150)

   
Putti38 2009 pro 18 94.0 6% adhesive capsulitis Mean ASES score 45.1
Singisetti39 2010 pro 16 94.0 6.25% secondary RNP, 6.5% deep infection Rodriguez-Merchan criteria: 25% excellent, 68.75% 

good, 0% fair, 6.25% poor
Changulani40 2007 pro 24 87.5 12.5% deep infection, 4.1% arm shortening 

(without precision), 4.1% secondary RNP
Mean ASES score 45

Benegas41 2014 pro 21 100.0 4.7% deep infection Mean UCLA score 31.4 points,
Mean Broberg-Morrey score 94.1 points

McCormac42 2000 pro 22 95.0 4.5% intraoperative comminution, 4.5% 
minimal loss of fixation

Mean ASES score 48 points

Chapman43 2000 pro 46 93.0 4% malunion (> 10° any plane), 6.5% deep 
infection, 2% secondary RNP, 2% hardware 
removal

8.6% decreased elbow ROM (> 10° compared with 
contralateral side)Downloaded from Bioscientifica.com at 11/28/2023 04:02:32PM
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lateral or slightly anterolateral (maximum 30°). Due to the 
high number of structures at risk (radial, musculocutane-
ous, ulnar and median nerves, and the brachial artery), 
pin insertion in the mid-diaphysis should be avoided. If 
a pin in this location is absolutely necessary, a mini-open 
as opposed to a percutaneous approach should be used 
to avoid any complications. In the distal aspect, it is pos-
sible to insert pins lateromedial or antero-posterior, but 
a small opening is advised (2–3 cm) to reduce the risk of 
injury to the radial (lateral) or musculocutaneous nerve 
(antero-posterior).

Reported outcomes

Studies reporting external fixators outcomes are rare. In a 
retrospective series of 85 patients with HSF treated using 
external fixation, Scaglione et al showed a union rate of 
97.6% at an average of 12 weeks.68

Special considerations
Holstein-Lewis fracture

The Holstein-Lewis (HL) subtype fracture58 is a spiral frac-
ture of the distal third of the humeral diaphysis with proxi-
mal and radial displacement of the distal fragment. This 
fracture pattern is likely to injure the radial nerve during 
its passage through the lateral intramuscular septum (Fig. 
6). HL fractures are typically encountered with arm wres-
tling (torsional force). A study formed from the Stockholm 
registry including 361 HSF, they found a 7.5% HL fracture 
incidence. RNP was associated with 22% (6 of 27) of these 
patients.69 Radial nerve involvement occurred in 8% of 
the non HL HSF. Of patients with HL fractures, 26% were 
treated surgically and 74% conservatively. All conserva-
tively managed fractures achieved union and all patients 
with associated RNP had eventual resolution.

At mean follow-up of 6.3 years, there was no difference 
concerning functional outcomes between non-operative 
and surgical management for HL fractures. Therefore, an 
HL fracture is not an absolute indication for surgical treat-
ment, regardless of associated RNP. Having said this, distal 
third fractures are difficult to manage non-operatively, firstly 
because of their tendency to displace into varus and secondly 
due to the difficulty of obtaining immobilization in a brace.

Radial nerve palsy

RNP is the most common nerve injury accompanying a 
long bone fracture with an incidence in HSF of 7–17%.70 
In a systematic review including 4517 patients with HSF, 
Shao et al71 observed a prevalence of RNP of 11.8% with 
an overall rate of recovery of 88.1%. They found sponta-
neous recovery of the radial nerve in 70.7% of patients 
treated conservatively. Additionally, no significant differ-
ence was found when comparing radial nerve resolution 
between groups managed by observation and delayed 
nerve exploration (87.6% nerve recovery) and those who 
underwent early nerve exploration (87.9% recovery), 
suggesting that the initial expectant treatment had no 
negative effects on the extent of nerve recovery. A recent 
review72 has identified that secondary radial nerve injury 
can be treated the same as for primary radial nerve injury. 
However, early nerve exploration is recommended when 
fixing a HSF with internal fixation with associated open 
fracture or vascular injury.72–74

In an updated review including Shao et al,71 combined 
with 23 other recent articles, Ilyas et al75 reported the 
results of 1423 patients with RNP. Primary RNP was present 
in 890 of 7262 HSF, demonstrating an overall prevalence of 
12.3%. Moreover, the prevalence of RNP in fractures of the 
proximal/middle/distal third was 1.8%, 15.2% and 23.6%, 
respectively. Regarding fracture type, the prevalence was 
6.8% in comminuted, 8.4% in oblique, 19.8% in spiral and 

a) b) c) d) e)

G

Fig. 6  (a) Young patient, arm wrestling injury. Holstein-Lewis fracture type. (b) Modified posterior approach. (c) Radial nerve  
under tension prior to reduction (bone spike) and (d) after reduction. (e) Combination of third tubular and postero-lateral anatomic 
3.5/4.5 mm plate.
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21.2% in transverse fractures. Secondary RNP was found to 
have a significantly higher recovery rate than primary RNP 
(93.9% vs. 88.2%). In the spontaneously recovered cases, 
the duration from initial injury until the onset of nerve 
recovery was 8.29 weeks and full recovery 4.91 months.

Regarding the waiting time, Shao et al71 suggested 
calculating the estimated time to onset of recovery by 
measuring the distance between the suspected site of 
nerve injury to the brachioradialis muscle (2 cm above 
the lateral epicondyle). Assuming a nerve regenerates  
at the rate of approximately 1 mm a day,76 and adding 30 
days, as Seddon77 had suggested, the maximum length of 
time which may be required for the onset of motor recov-
ery can be calculated easily. Thus, because spontaneous 
recovery does occur most of the time, radial nerve palsy 
has to be initially monitored clinically. If no recovery is 
observed at 10 to 12 weeks, an electroneuromyography 
(EMG) should be performed and the possibility of a nerve 
exploration should be discussed with the patient.

Summary
The conservative treatment of HSF offers good functional 
outcomes and high union rates in at least 80% of patients. 
For this reason, it remains the treatment of choice for most 
HSF. If the alignment is not acceptable, surgery is to be 
considered. This is particularly true for patients older than 
55 years presenting with an oblique fracture of the proxi-
mal third (lower union rate).

Regarding surgical management, the literature does 
not show any significant difference in terms of union rates 
or radial nerve complications between plating and IMN, 
but the likelihood of shoulder complications (impinge-
ment and decreased range of motion) is higher with IMN. 
Thus, the cuff has to be managed with great care both at 
the entry point and during closing.
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