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ABSTRACT
Introduction : Humeral shaft fractures are quite common in orthopedics and represent 1-3% 
of adult fractures. The surgical treatment is the a better choice in order to obtain a reduction 
and stable alignment and to prevent the complications. The goal of this study was to compare 
the three techniques (IMN, LCP and EF) in the treatment of diaphyseal fractures of the hu-
merus in the adult patient. Materials and Methods: We examined 79 patients with diaphyseal 
fractures of the humerus. 32 were treated with plaque (LCP), 26 with intramedullary nail (IMN) 
and 21 with eternal fixer (FE) The clinical and radiographic follow-up was done at 1.3, 6 and 
12 months. As rating scales we used the ASES and SF-36. We recorded all the complications. 
Results: The median follow-up was 11.5 months (9-16). The operative time was significantly 
smaller in the case of FE (47 ‘) with a statistically significant difference compared with other 
techniques. Even the blood loss was lower in the case of FE (60ml), compared to nails (160ml) 
and LCP (330ml) p <0.05. We had no differences in the duration of hospitalization and the 
ASES SF-36 score. We had 2 cases of non-union in the LCP group, 1 case in the IMN group 
and no cases in the FE group. In IMN group we had one case of radial transient paralysis. We 
did not have any deep infection, in the FE group 8 patients we had superficial secretions from 
pins. Conclusion: From the results of our study, it is clear that the treatment of humeral shaft 
fractures guarantee overlapping results with the use of plates, of intramedullary nails, or with 
the external fixator. Consequently, the choice of which technique to use should be determined 
based on the experience of the operator and patient compliance.
Keywords: Humeral Shaft fractures; Plate; External Fixation; Intramedullary nailing; Out-
comes; bleeding; complications.

1. INTRODUCTION
Humeral shaft fractures are quite 

common in orthopedics and repre-
sent 1-3% of adult fractures [13]. Al-
though the conservative treatment in 
some cases may be the most suitable 
choice with good outcome, the sur-
gical treatment, in most cases, is the 
a better choice in order to obtain a 
reduction and stable alignment, es-
pecially in the case of comminuted 
fractures, floating shoulder, multiple 
trauma, neurovascular compromise, 
nonunion, open fractures, patholog-
ical fractures, and the failure of con-
servative treatment [4].

Developments in the ORIF tech-
nique have increased and improved 
the results of surgical treatment. The 
most commonly used techniques are: 
osteosynthesis with plate and screws 
(LCP, locking compression plate) [5], 
the splint with intramedullary nail 

(IMN), and the external fixation (EF) 
[6]. These techniques have different 
biomechanical and physiological 
aspects, each with their advantages 
and disadvantages [7-12]. Although 
there are numerous randomized 
clinical trials and meta-analysis that 
have attempted to guide the surgeon 
in choosing the most appropriate 
treatment, there is little evidence 
and no consensus as to what is the 
most suitable treatment. There is no 
specific algorithm for deciding since 
it is necessary to take into account 
many factors before reaching a final 
decision as to which treatment to im-
plement.

The goal of this study was to com-
pare the three techniques (IMN, LCP 
and EF) in the treatment of diaphy-
seal fractures of the humerus in the 
adult patient. In order to properly 
assess the techniques, we looked at 
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clinical outcomes (assessed by ASES score), the SF-36, 
the psychological status by The Short Form Health Sur-
vey, the length of stay, complication rate and the inci-
dence of nonunion.

2. MATERIALS AND METHODS
We looked at all of the diaphyseal humeral fractures 

treated between 2013 and 2015, totaling 79 patients. Of 
these, 42 were women and 37 men. The left upper limb 
was involved in 45 cases and the right in 34. We excluded 
from the study: exposed fractures, fractures with paral-
ysis of the radial nerve, patients under 18 years of age 
and over 85 years, patients with pre-existing limb frac-
tures, pathologic fractures, and patients treated after 48h 
post-injury. The inclusion criteria were humeral shaft 
fractures without articular involvement treated within 
48h post-injury. Out of 79 patients, 32 were treated with 
open synthesis and plate (LCP), 26 with locked intra-
medullary nail (IMN), and the remaining 21 with EF.

The patients’ ages ranged from 18 to 85 years old (mean 
56.3), the right side was affected in 34 cases and the left 
in 45 cases. All fractures were classified according to the 
AO classification and were: 49 type A, 18 type B and 12 
type C. The summary of the characteristics of the three 
groups are listed in Table 1.

Prior to surgery all patients were evaluated with at 
least two x-rays and normal pre-operative procedures. In 
56 patients, anesthesia with plexus block at the level of 
the brachial plexus was administered, and in 23 patients 

general anesthetic was administered. All patients were 
administered a single dose of cefazolin 2g IV pre-oper-
ative antibiotic prophylaxis. Patients allergic to beta-lac-
tam were administered clindamycin 600 mg IV. Surgery 
was performed on a glossy radio operating table, in the 
beach chair position.

Post-operative X-rays were performed in all cases, in 
order to determine whether the reduction of the frac-
ture was optimal, the correct positioning of the synthetic 
means, and any kind of iatrogenic complications.

The clinical and radiographic follow-up was carried 
out with clinical controls at 15 days, 1 month, 3 months, 
6 months, and 12 months post-surgery, and annual-
ly thereafter. Clinical evaluation criterion was when 
the patient was able to use the limb without pain. The 
functional recovery evaluation was performed using the 
‘American Shoulder and Elbow Surgeons’ shoulder score 
(ASES) [13]. Additionally, we evaluated the psychologi-
cal impact of the type of intervention and the quality of 
life before and after surgery using The Short Form Health 
Survey[14]. The Short Form Questionnaire (SF-36) was 
also used, which is a valid tool to evaluate the health of 
patients. It is commonly used in health economics as a 
variable in the quality-adjusted life year calculation to 
determine the cost-effectiveness of treatment. This tool 
consists of eight different scaled scores that grade each 
patient with points from 0-100. [15]

X-ray evaluations of all patients were performed with 
standard projections of the humerus shaft at 1 month, 
3 months, 6 months, and 12 months. The radiographic 
consolidation of the fracture was used as the evaluation 
end point (defined as the moment when x-rays show 
bridging callus across the fracture site).

We also calculated blood loss, averaged with a variant 
of the Gross formula [16], that corresponds to the blood 
volume (body weight X 70 ml/kg) multiplied by the he-
matocrit pre-operative minus the hematocrit post-sur-
gery. The result is compared to the average hematocrit.

Blood loss = Blood volume X (Initial Htc – Final Htc)/
Average Htc

Finally, the complication rate of the three surgical pro-
cedures was assessed and compared based on laborato-

Plate Nail E.F.
Average age 52.5 58.9 57.5
Sex M/F 15/17 11/15 11/10
Side R/L 13/19 11/15 10/11
AO type A 22 17 10
AO type B 5 6 7
AO type C 5 3 4

Table 1. Patient characteristics

Back pocket
Wash opposite axilla
Comb hair
Carry 10 lb at side
Sleep on affected side
Use of hand over head
Lift
Perineal care
Eat with utensil
Use arm at shoulder level
Dress
Pull
Throw

Table 2. ASES Score. (4=normal; 3=mild compromise; 2=difficulty; 
1=with aid; 0=unable)

Time from the Trauma Average SF-36 LCP Average SF-36 IMN Average SF-36 IMN

Before the Trauma 96.3(range 89.4-100) 97.2(range 90.6-100) 95.3(range 92.8-100 )

0 27.9(range 15.6-44.8) 27.2(range16.8-47.6) 28.1(range17.8-45.8)

I Month from the Trauma 45.8(range 33.4-52.3) 44.9(range 34.6-54.8) 46.8(range 33.9-55.6)

III Month from the Trauma 66.5(range 42.8-78.7) 65.8(range 42.8-78.6) 76.4(range 43.4-77.7)

VI Month from the Trauma 87.4(range 63.6-94.3) 84.7(range 61.6-94.5) 86.5(range 60.6-94.4)

XII Month from the Trauma 88.4(range 86.8-100) 90.3(range 87.3-100) 91.4(range 88.2-100)

Table 3. Trend of the Follow-Up to two years of quality of life measured by The Short Form Health Survey (SF-36). At the twelfth month of follow-up 
there was not a statistically significant difference (p. >0.05) between the three groups.
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ry data. Immediately post-operative and at subsequent 
check-ups, patients were monitored for signs of infec-
tion, persistence of pain, recovery of the ROM of the el-
bow and glenohumeral joint, neurovascular status and 
any other complications.

In all patients post-operatively, the arm was supported 
in a neck sling for 3-5 days, and the active and passive 
mobilization of the elbow and shoulder began 4 weeks 
after surgery

In the LCP group, the locking compression plate (LCP, 
Synthesis) was used. The anterolateral path, centered on 
the fracture, was used as a pathway to access the fracture 
and, when possible, lag screws and a neutralization plate 
were used. When the extension of the fracture was very 
distal, the radial nerve was isolated. Regarding the plate 
length, plates with 9 to 13 holes were used positioning 
at least three screws proximally and three distally to the 
fracture.

In the IMN group, antegrade intramedullary nail-
ing was used (T2 humeral nail, Stryker®). The nail was 
secured with two proximal locking screws and a distal 
screw. The surgical incision was performed from the 
outer side of the acromion, along the lateral aspect of 
the arm, passing through the deltoid muscle and rotator 
cuff. In all cases, a pre-reaming of the endosteum was 
performed. Regarding the nail diameter, a 7mm nail was 
used in 9 patients and an 8mm nail was used in the re-
maining 17 patients.

In 21 patients from the EF group, after manual reduc-
tion guided by fluoroscope, first, the pins were distally 
positioned through a small incision at the level of the lat-
eral humeral ridge, then the proximal pins were secured 
through mini-incisions of the skin and trans-deltoid. Af-
ter closing the External Fixation System, a pin was placed 
with joint clamps and a connecting rod 2 cm proximally 
from the fracture. Finally, a cross bar was added to in-
crease the rigidity of the system. The cross bar and the 
intermediate pin was removed about 30 days after sur-
gery.

Descriptive statistics were used to summarize the 
characteristics of the study group and subgroups, in-
cluding means and standard deviations of all continuous 
variables. The T-test was used to compare continuous 
outcomes. The Chi-square test or Fisher’s exact test (in 
subgroups smaller than 10 patients) were used to com-
pare Categorical variables. The statistical significance 
was defined as p<0.05..

3. RESULTS
The average follow-up was 11.5 months (9-16). In all 

cases, stitches were removed after 2 weeks. The duration 

of surgery (skin to skin) was an average of 69 minutes for 
the LCP, 57 minutes for the IMN, and 47 minutes for the 
EF. The difference between the times appears statistically 
significant (p value <0.05), confirming that the external 
fixation is the most rapid technique compared to the in-
tramedullary splint and to the synthesis with plate.

Blood loss, calculated using a variant of the Gross for-
mula, was an average of 330ml in patients treated with 
osteosynthesis with LCP, 160ml in patients treated with 
intramedullary nailing, and 60ml in the external fixa-
tion group, demonstrating the presence of a statistically 
significant difference (p value <0.05) between the three 
techniques. The hospital stay did not show statistically 
significant differences among the three groups; In fact, 
all the patients were discharged between the 2nd and the 
4th post-operative day (on average 2.9). The ASES Score 
points were 47.6 (40-52) for LCP, 46.7 for IMN (38-52) 
and 48.2 (41-52) for EF (p value> 0.05).

Regarding complications, for LCP there were two cas-
es of nonunion that were treated by new synthesis with 
a plate, for IMN there was one case of nonunion that 

Plate Nail E.F.
Skin to skin 69’ 57’ 47’
Blood loss(ml) 330 160 60
ASES Score 47,6 46,7 48,2
Nonunion 2 1 0
Infection 0 0 8*

Table 4. Superficial infections were resolved with oral antibiotics
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Figure 1. (A) X-ray after the surgical management with plate and screws in 12-B1 according 
AO/OTA’s Classification.. (B)The bone healing after four months from surgery. 

 

Figure 2. (A) X-ray shows the humeral shaft fracture, 12-A3 according AO/OTA’s Classification. 
(B) The X-rays shows the bone healing after 4 month from the surgical management with locked 
intramedullary nail. 
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Figure 2. (A) X-ray shows the humeral shaft fracture, 12-A3 according AO/OTA’s Classification. 
(B) The X-rays shows the bone healing after 4 month from the surgical management with locked 
intramedullary nail. 

 

 

 

 

Figure 2. (A) X-ray shows the humeral shaft fracture, 12-A3 according 
AO/OTA’s Classification. (B) The X-rays shows the bone healing after 4 
month from the surgical management with locked intramedullary nail.
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was treated by removing the nail and new synthesis with 
plate, and in the EF group there were no cases of non-
union (Tab 3). Regarding the SF-36 score, the average 
was 88.4 in the LCP group, 90.3 and 91.4, respectively, 
in the IMN and EF groups (with no statistically signifi-
cant difference). Regarding the results of the psycholog-
ical subcategories, however, they were better in the IMN 
group, with p<0.05, compared to the other two groups.

One patient of the IMN group had a transient paralysis 
of the radial nerve, which resolved itself spontaneously.

In the EF group, the external fixator was removed on 
average after 89 days (56-123) and all fractures radiologi-
cally showed complete healing after 6 months.

Regarding infectious complications, there were no 
deep infections. Only the EF group had 8 cases of secre-
tions at the pin tract level, which resolved with oral anti-
biotic therapy using amoxicillin 1 g/day for 7 days.

4. DISCUSSION
The management of diaphyseal humeral fractures re-

mains controversial [17]. Fractures of the humeral shaft 
resulting from low-energy trauma can be treated suc-
cessfully with conservative methods [18,19]. This ap-
proach combines the advantages of non-operative man-
agement with the benefits of early functional treatment. 
Surgical treatment is reserved for exposed fractures, in 
cases of neurovascular injury, in obese patients in pol-
ytrauma, in patients with extension of the fracture into 
the joints, and conservative treatment fails [20,21]. Of-
ten, patients request the possibility of early mobilization 
and without restrictions, which is why there has been an 
increase in the use of surgery. Beyond that, several stud-
ies report disadvantages of conservative treatment with 
high percentages of nonunion, especially in certain frac-
ture patterns and loss of reduction compared to surgical 
treatment [22].

An advantage of the conservative treatment is the fact 
that the humerus is not a load bearing limb and deformi-
ty can tolerate up to 30° varus, 20° in procuravatum, and 
shortenings up to 4cm and therefore, does not necessi-
tate an anatomical reduction of extra-articular fractures 
[23]. The conservative treatment can lead, however, to 

a certain loss of extra-rotation, flexion and abduction 
of the shoulder in 10% to 30% of cases. Furthermore, in 
about 10% of the patients, there may be a loss of flexion 
and extension of the elbow [24-25].

Regarding the surgical techniques, there are different 
operating methods: plate osteosynthesis, intramedullary 
nails and external fixation.

The plate osteosynthesis allows anatomical reduction 
of the fracture, the direct viewing, interfragmentary 
compression of the fracture and the chance to explore 
and isolate the radial nerve [21]. Nowadays, various 
studies consider it superior to intramedullary nailing and 
it remains the preferred technique in the fractures of the 
humeral shaft [26-28]. However, this technique has the 
disadvantage of extensive surgical dissections, as well as 
soft tissue and the radial nerve damage [21]. Moreover, 
the presence of unsightly scars and the opening of the 
central point of fracture with the loss of the hematoma 
fracture, represent other disadvantages of this technique 
[29]. The most recent plates (LCDCP) give better results 
than previous ones and can also be used with minimal-
ly invasive techniques [30]. This study did not produce 
statistically significant differences in the ASES score in 
patients treated with plates with respect to the other two 
groups, but there was higher blood loss and a longer sur-
gery duration. Intramedullary nails have gained popular-
ity in recent years due to their load-sharing properties, 
better aesthetic results due to smaller incisions, and how 
they preserve the biology of the fracture. Load-sharing 
properties of IMN are especially useful in osteoporotic 
patients who, today, are a growing proportion [31].

Initially, doubts regarding the use of nails were due 
to the high percentage of re-operations due to tech-
nical errors and the high rate of nonunion [29]. Other 
studies have described joint stiffness at the entry point 
of the nail and impingement symptoms [32,33]. The in-
troduction of the nail through the rotator cuff creating 
irreversible damage and limitation of shoulder mobility, 
has been the subject of debate in past decades. However, 
more recent studies have demonstrated the safety of this 
technique, probably due to being more cautious with the 
rotator cuff [34]. O’Donnell [34], in a study of 33 patients 
with an intramedullary nail, who underwent an MRI on 
the 11th post-operative day, found complications in 21 
patients (63.6%): 10 had sub-acromial bursitis, 5 had a 
partial tear of the rotator cuff, one had a complete rup-
ture of the supraspinatus and 4 had inflammatory chang-
es of the acromioclavicular joint. These problems with 
the morbidity of nail entry point level can be reduced 
with a transversal approach to rotator cuff tendons and 
their reconstruction after placement of the nail [35].

In our study, only 1 patient developed nonunion (3.8%) 
after IMN for humeral shaft fractures. A recent Cochrane 
review states that the union rate after IMN is compara-
ble to that of [35] plates. Other authors insist that the 
reductions listed in the percentage of nonunion depends 
on proper surgical technique and the elimination of the 
fracture gap [30,36,37].

In our opinion, the improvements in surgical tech-
nique and implant design have improved the results of 

 

Figure 3. (A) X-ray after the surgical management with modular external fixation in 12-B1 
according AO/OTA’s Classification. (B)The bone healing after four months before the hardware 
remotion. 

 

 

 

 

 

 

Figure 3. (A) X-ray after the surgical management with modular external 
fixation in 12-B1 according AO/OTA’s Classification. (B)The bone healing 
after four months before the hardware remotion.
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IMN compared with past decades. In fact, the current 
nails are wider, more rigid and allow for a dynamic com-
pression of the fracture. They also have multiple and 
multi-directional points of fixation both proximally and 
distally, in order to ensure an angular stability [38].

As for external fixation, international literature has 
very few articles regarding the treatment of diaphyse-
al fractures of the humerus with external fixation. The 
main indications for the use of external fixation in diaph-
yseal humeral fractures are open fractures, polytrauma 
patients, patients with severe skin problems, gunshot 
wounds and pediatric fractures [39-40].

We have expanded this indication for the ease and 
rapidity of application, ease of reduction, good fracture 
stabilization, the possibility of maintaining the reduc-
tion over time and the opportunity to correct eventual 
decompositions during the treatment. Furthermore, it 
is a less invasive technique with respect to the others, 
it doesn’t cause lesions at the level of the rotator cuff 
or elbow joint, and it doesn’t damage the biology of the 
fracture. One of the main features that differentiates the 
external fixation from the other methods of treatment is 
its’ ability to ensure adequate stability without excessive 
rigidity, which is crucial for a good healing of the fracture. 
One of the main limitations of external fixation is patient 
compliance and the possibility of injuries to the radial 
nerve during the insertion of the distal pins. No patients 
in our cases of external fixation showed nonunion, and 
there were only 8 cases of Grade 1 pin tract secretions 
according to the CkChan’s scale, and they were resolved 
with oral antibiotic therapy [41].

As for the functional evaluation performed with SF-36, 
there were no significant differences between the three 
groups. The differences in the subjective results of the 
SF-36 score are due, primarily, to the psychological con-
dition of the patient. In fact, despite the minimally inva-
sive intramedullary nailing, very often the patients com-
plain of rotator cuff pain, generally caused by the surgical 
procedure. On the contrary, patients treated with plates, 
sometimes, report pain and aesthetic damage in the 
area of the incision. Lastly, some patients treated with 
modular external fixation complain of the fixator. This 
affects compliance, but at the same time, it is positively 
balanced by the awareness that no additional surgery has 
to be performed for the removal of any internal devices.

5. CONCLUSION
From the results of our study, it is clear that the treat-

ment of humeral shaft fractures guarantee overlapping 
results with the use of plates, of intramedullary nails, 
or with the external fixator. Consequently, the choice of 
which technique to use should be determined based on 
the experience of the operator and patient compliance.
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