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moved in 30 patients after 183±66.88 days 
(range 38-361) or 26±9.55 weeks (range 5.43-
51.57). The duration of hospitalization for nail 
extraction was 1.38±0.91 days. Most of the 
patients were discharged on the same day or 
the day after procedure; however, two patients 
who required the removal of multiple hardware 
were hospitalized for 4 and 5 days. Difficulties 
with nail removal were experienced in 2 pa- 
tients. 

The patients were followed for a mean of 
1.12±0.45 years (range 0.15-1.92 years). The 
final follow-up visit was scheduled one year 
after nail extraction. Twenty-seven patients had 
full range of motion and had returned to all  
previous activities at their last follow-up visit, 
including 2 patients with pathologic fractures. 
Three patients with polytrauma had full range 

of shoulder and elbow motion but some limita-
tions in activities as consequence of concomi-
tant head, pelvis or femur injuries. Finally, 2 
treated patients whose nails had not yet been 
removed had regained full range of motion but 
had restriction in sports activities.

Discussion

Fractures of the proximal humerus, shaft and 
distal metaphyseal-diaphyseal fractures are 
relatively rare in the pediatric population, and 
indications for non-operative or operative treat-
ment are not well established [11, 12] com-
pared with the far more common supracondy- 
lar humerus fractures. Although supracondylar 
humerus fractures can be successfully treated 
with ESIN [14, 15], many surgeons still prefer 
pinning with Kirschner wires because they  
consider ESIN unnecessarily complicated for 
this indication [17]. At our institution, displaced 
supracondylar humerus fractures are treated 
with reduction (closed or open) and percuta- 
neous Kirschner wire fixation [18]. Therefore, 
patients with supracondylar humerus fractures 
were not included in our present study.

Thirty-two patients with humerus factures were 
treated with ESIN and were included in the 
study. The most common cause of injury was 
fall from standing height at home or on the  
playground. In a study conducted at 4 major 
children’s hospitals, Knorr et al reported a  
similar distribution of causes of humerus frac-
tures in children [14]. The mean age of the 
patients in our study (11.90 years) is com- 
parable to the ages of patients in other reports 
[19-21]. The patients with distal metaphyseal-
diaphyseal junction fractures were significantly 
younger than the patients with shaft and proxi-
mal humeral fractures. The average age of  
this subset of children (8.75 years) was youn- 
ger than that of the patients in the study by 
Marengo et al [22] but older than patients in 
the studies by Fayssoux et al [6] and Ge et al 
[7]. The patients in the study by Knorr [14] were 
also younger than our patients, but their study 
also included patients with supracondylar hu- 
merus fracture. A strong male predominance 
was observed in the children with proximal and 
shaft fractures in our group of patients, in con-
trast to other series in which only a slight pre-
dominance of either gender was noted [14, 19, 
20, 22]. This discrepancy may be explained by 
the higher activity levels of boys, as all the 

Figure 1. Lateral and medial nail insertion for retro-
grade ESIN; A. Isolated displaced proximal humeral 
fracture (patient No. 17); B. After attempted closed 
reduction; C and D. Retrograde ESIN through lateral 
and medial entry points.
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patients who were injured in sports activities 
and bicycle-related falls were males. Further- 
more, 5 of the 6 polytrauma patients were also 

performed in one sitting [25]. Thus, if closed 
reduction is impossible, immediate open reduc-
tion and fracture fixation is performed; if reduc-

Figure 2. Retrograde ESIN with dual lateral nail insertion; A. Angulated shaft 
fracture in polytrauma patient (patient No. 9); B. Retrograde ESIN, both nails 
inserted from the lateral side; C. Healed fracture before nail removal, 52 
weeks after index operation.

Figure 3. Anterograde ESIN; A. Distal humeral fracture; B. Varus angulation 
of 16°; C, D. Anterograde ESIN; E, F. 31 weeks after injury, before hardware 
removal.

males. The side of involve-
ment was almost equal am- 
ong our cases and in most 
published reports, with slight 
predominance of one or the 
other side. However, we could 
not explain the great propor-
tion of right-sided fractures of 
the proximal humerus (3:1) in 
our patients, which is in con-
trast to the findings of other 
studies [19, 20, 23, 24]. 

Most of the patients (78%) 
underwent surgery within 24 h 
after injury, on day 0 (the day 
of injury) or day 1 (the day fol-
lowing the injury). In the multi-
center study of Knorr et al, 
85% of patients underwent 
surgery on the day of injury or 
the next day [14]. For patients 
admitted late at night whose 
operation could not start until 
well after midnight for any rea-
son, we assumed that it was 
safe to postpone surgery for 
several hours providing that 
the patient had adequate im- 
mobilization, analgesia and 
monitoring. Of the 7 patients 
who underwent surgery more 
than 24 hours post-injury, 6 
had a failed attempt of con-
servative treatment of their 
fractures (2 proximal, 2 shaft 
and 2 distal). The last patient 
was transferred from the ne- 
urosurgery department and 
underwent surgery 12 days 
after injury. We do not atte- 
mpt closed reductions in the 
emergency setting. All reduc-
tions are performed under 
general anesthesia or con-
scious sedation in an operat-
ing theatre under fluoroscopic 
control. Moreover, we follow 
the basic rule of pediatric  
traumatology that reduction 
and definitive stabilization of 
displaced fractures must be 
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tion cannot be maintained after a successful 
closed maneuver, the fracture is stabilized with 
ESIN. The average duration of operation was 
83.13 minutes. The operation time was record-

The most commonly used nail diameter was 
2.5 mm. In 5 patients with proximal humeral 
fractures, we used stainless steel nails with 
sharp points (Figure 4). We assume that sharp-

Table 4. Operation time and duration of surgery in relation to type of reduction, type of injury, ana-
tomic location of the humerus fracture and surgeons who performed operation
 Reduction* Type of injury§ Part of humerus† Surgeon‡

Total Closed Open Isolated Polytrauma Proximal Shaft Distal A B
Aver. 83.13 79.57 92.22 85.19 74.17 76.25 90.42 88.75 75.59 106.43
Min 30 30 45 30 30 30 30 45 120 150
Max 150 150 135 150 120 120 150 135 30 60
S.D. 30.58 28.60 35.28 30.84 30.40 23.56 36.27 39.45 31.19 33.38
*p>0.05; §p>0.05; ‡p>0.05; ‡p>0.05.

Figure 4. Retrograde ESIN with sharp-ended nails; A. CT scan with 3-D re-
construction of displaced proximal humeral fracture in a polytrauma patient 
(patient No. 20); B. 2 sharp nails were inserted in a retrograde direction; C. 
Consolidation of the fracture after 4 weeks; D, E. Healed fracture before nail 
extraction, 44 weeks post-injury.

ed from the induction of gen-
eral anesthesia until transfer 
from the operating room to 
the recovery room. This is co- 
mparable to the 89 minutes 
reported by Kraus et al [20] 
but longer than the duration  
of surgery in other reports [7, 
19, 26] (41.9 min, 54 and 74 
min; respectively). In the stu- 
dy by Knorr [14], the operation 
time varied between 12 and 
300 min. Generally, operation 
time depends on the charac-
teristics of the fracture and 
the experience of the surgeon. 
As expected, the duration of 
the procedure in our study 
was longer for open than for 
closed reduction but was un- 
expectedly shorter for polytr- 
auma patients than for pati- 
ents with isolated injury. The 
average length of hospitaliza-
tion of 4.72 days was similar 
to the length of stay reported 
in other series [7, 14, 19, 20]. 
The hospital stay was signi- 
ficantly shorter for patients 
with isolated fractures (3.08 
days) compared with patients 
with polytrauma (11.83 days), 
whose length of stay was dic-
tated by the severity of con-
comitant injuries. The mean 
duration of hospitalization for 
nail removal was 1.4 days 
(range 1-5 days), similar to 
that reported in previously 
studies. 
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pointed stainless steel nails have better pur-
chase in the head of humerus and produce less 
damage to the growth plate during penetration 
compared with blunt-ended nails. Blunt-tipped 
nails may push the proximal fragment instead 
of penetrating it; thus, the use of sharp-tipped 
nails was proposed for proximal humeral frac-
tures [27]. Of course, additional care must be 
taken to avoid perforation of the humeral head 
and penetration of the shoulder joint, which is 
much easier with sharp-pointed nails. The slow 
advancement of nails using multiple fluoro-
scopic controls in both AP and lateral projection 
is mandatory until the final impaction of sharp 
nails to prevent misplacement (Figure 5). Re- 
trograde nail insertion using lateral and medial 
entry points was performed in nearly 70% of 
our cases. This configuration provides better 
balance of elastic forces and better fracture 
stability. If care is taken during dissection  
down the periosteum and good visualization, 
gentle retraction and soft tissue protection are 
ensured, the risk of both ulnar and radial nerve 
damage is minimal. The minimal complication 
rate that we observed with crossed pin fixation 
of supracondylar humerus fractures [18] has 
been of great support. The insertion of both 
nails from the lateral side through a separate 
hole may be indicated for proximal humeral 
fractures [15, 27, 28] as the crossing of nails  
at the fracture site is not essential for the sta-
bility of this type of fracture. Some surgeons 
have used this configuration even for diaphy-
seal fractures to minimize the risk of ulnar 

nerve damage. We used it in 6 of the report- 
ed cases (19%). Finally, anterograde insertion 
from the lateral side was used in 4 patients  
(3 distal fractures and 1 shaft fracture) as rec-
ommended in the literature [14, 15, 28]. The 
main indication for surgery in our patients was 
primary displacement, followed by polytrauma. 
Nevertheless, many patients had more than 
one indication for surgery [14].

Fractures of the proximal humerus

Proximal humeral fractures in children and ado-
lescents have traditionally been treated con-
servatively. Many reports recommend non-
operative treatment because of the tremen- 
dous remodeling potential of the proximal hu- 
meral physis and the great ability of adjacent 
joints to compensate for possible residual mal-
unions [12]. The main objections to those re- 
ports are the small number of older patients 
with displaced fractures and the higher pro- 
portions of younger children and patients with 
minimally displaced fractures. Furthermore, 
the reported results for the conservative treat-
ment of severely displaced proximal humerus 
fractures in adolescents have shown worse 
results [11]. Indications for the operative treat-
ment of proximal humerus fractures are ex- 
panding. Pahlavan et al [12] proposed the str- 
atification of patients based on age: children 
<10 years should be primarily treated by closed 
means, those >13 years with displaced frac-
tures should be offered the option of operative 

Figure 5. Snapshots of intraoperative fluoroscopy; A. On AP view, both nails appear to be inserted correctly in the 
proximal fragment; B. Lateral view demonstrates the misplacement of one nail through the fracture site.
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treatment; and children in the interim group 
(aged 10-13 years old) should be treated on a 
case-by-case basis. Beaty [1] suggested that 
the indication for operative treatment should 
be based not only on stratification by age but 
also on the severity of displacement. We oper-
ated on 16 patients with this type of fracture 
with an average age of 12.17 years. Most of  
the patients (9) were 10-13 years old. Two 
patients were younger than 10 years (5.64 and 
9.23 years); both had completely displaced 
fractures with significant shortening and an- 
gulation. There were no open fractures in this 
group. Three patients had polytrauma. Closed 
reduction could be achieved in all but 2 pa- 
tients. One had proximal epiphysiolysis, and  
the other had a metaphyseal fracture with 
interposed periosteum. Although some authors 
[19, 29] have described one nail technique for 
the fixation of proximal humerus fractures, we 
have always used the standard ESIN technique 
[15, 16, 27, 28] with a pair of elastic nails of 
equal diameter. Surprisingly, our mean opera-
tive time for proximal humeral fractures (75.25 
min) was shorter than the mean duration of 
operation for fractures of the shaft (90.42 min) 
and the distal humerus (88.75 min). However, 
difference in the mean duration of operation 
among surgeons supports Knorr’s observation 
that ascending ESIN for proximal humerus  
fractures is not an operation for beginners  
[14]. We observed several complications. The 
protrusion of nails through the humeral head 
occurred in 2 patients. Both patients were 
scheduled for operation, and under general 
anesthesia, the position of the protruding nails 
was corrected. Nail extraction was difficult  
in 1 patient as the nails were initially cut too 
short. Two fractures healed with <10° of varus 
angulation. One patient complained of the 
appearance of scars at the lateral and medial 
entry points. Scar excision was performed at 
the time of nail extraction. Similar complica-
tions were reported in other published works 
[14, 19, 27, 28]. At the final follow-up visit, all 
the patients had range of motion and muscle 
strength that were comparable to uninjured 
side and were free of pain. Fifteen patients 
returned to the full spectrum of activities in 
which they participated before injury. One 
patient had limited physical activities at the 
last follow-up (after 44.71 weeks) as a conse-
quence of pelvic, femoral and tibial fractures 
sustained during polytrauma.   

After closed or open reduction, displaced proxi-
mal humeral fractures may be successfully 
pinned with Kirschner wires [11, 20, 30] or sta-
bilized using ESIN [15, 19, 26-28]. Although 
excellent results may be achieved with either 
method, comparative studies have shown the 
advantages of ESIN [20] because the operation 
time is shorter, fixation is stable with no need 
for additional immobilization, and early mobili-
zation is possible as there is no muscle trans- 
fixation. Moreover, we agree with Lefevre [27] 
that once a child with a displaced proximal 
humeral fracture is in the operating room un- 
der general anesthesia and is undergoing frac-
ture reduction, stabilization of the fracture with 
ESIN is more appropriate than the application 
of a thoraco-brachial cast or any other type of 
cast.

Humerus shaft fractures

Diaphyseal humerus fractures have limited 
remodeling potential due to greater distance 
from the potent proximal humeral physis. 
Spontaneous correction of angular displace-
ment >20° in younger patients and >10° in 
older children should not be expected, and dis-
placement in any direction that exceeds these 
limits should not be accepted [14]. Neverth- 
eless, most shaft fractures may still be treated 
conservatively. The main indication for surgery 
is polytrauma; in such cases, surgery is war-
ranted to facilitate early mobilization or im- 
prove nursing in patients with concomitant 
head injuries and the inability to maintain re- 
duction within acceptable limits [13, 31]. Most 
of our patients (75%) were older than 10 years 
with a mean of 12.60 years, which is compara-
ble to the age reported in other studies [13, 21, 
31]. Falls from minor heights during school or 
leisure activities, traffic accidents and sports- 
and bicycle-related injuries were the main me- 
chanisms of injury in our patients, as previously 
reported by others [14, 21, 31]. Indication for 
ESIN was polytrauma in 3 patients (25%),  
open fractures in another 3, pathologic frac-
tures in 2 (17%) and inability to obtain or main-
tain acceptable closed reduction in remaining 
4 patients. Ten patients (83%) were operated 
on within 24 hours from injury. Open reduction 
was performed in 3 patients with open frac-
tures and in one patient with a pathologic frac-
ture. In the last case, we wanted to obtain biop-
sy material for histology. In the remaining 8 
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patients, reduction was achieved by closed 
means. Nine pairs of titanium nails and 3 pairs 
of stainless steel nails were inserted. The pre-
ferred configuration in our study was retrog- 
rade insertion from the lateral and medial side, 
which was performed in 9 patients (75%). We 
believe that the bilateral insertion technique 
provides better biomechanical stability, as 
already stressed [25]. We did not experience 
the postoperative neurological complications 
reported by others [25]. One patient had tran-
sient radial nerve neuropraxia, which was re- 
corded preoperatively. The dual lateral asce- 
nding technique preferred by Garg [13] and 
Maruthi [31] was used in 2 patients, and the 
descending configuration was used for only  
1. Unexpectedly, the average operation time 
(90.42 min) for these patients was longer than 
that for proximal and distal humeral fractures. 
Nail protrusion was observed in one patient 
(Figure 6). Although the protrusion was lateral 
and there was no penetration of the articular 

tures may be difficult to stabilize. We treated 4 
patients with this type of fracture. The nails 
were inserted anterograde in 3 patients and 
retrograde in one. While Kelly [28] and Marengo 
[22] proposed descending nail insertion, Ge  
et al [7] used retrograde insertion through the 
lateral and medial epicondyle and concluded 
that this configuration may hold the distal frag-
ment more firmly than anterograde nail place-
ment or Kirschner wires. Two patients under-
went surgery within 24 h of injury, and the re- 
maining 2 patients underwent surgery after 3 
and 10 days, respectively. One six-year old girl 
experienced irritation at the insertion site but 
without skin perforation. As her fracture was 
consolidated on x-rays, the nails were removed 
after 38 days. No other complications were 
observed. In a recent study of 14 patients tre- 
ated for displaced distal humeral fractures, 
Marengo found that ESIN resulted in stable 
reduction, good rotational control, and faster 
mobilization [22]. In another recent report, Ge 

Figure 6. Proximal protrusion of lateral nail; A. Angulated shaft fracture; B, C. 
Proximal end of lateral nail protruded laterally on x-ray control after 7 days; 
D, E. Consolidation of the fracture without loss of reduction after nail correc-
tion;  F, G. Healed fracture on most recent follow up (1.25 years).

surface, we decided to cor- 
rect the nail position under 
general anesthesia. Finally, in 
one patient, the nails were 
removed with difficulty be- 
cause one nail had been de- 
formed as a consequence of  
a difficult insertion (Figure 7). 
All the fractures united un- 
eventfully. At the last follow-up 
visit, all the patients had full 
range of shoulder and elbow 
motion that was symmetrical 
to the opposite side. Ten pa- 
tients resumed their previous 
activity levels, while 2 poly-
trauma patients, one with 
head injury and other with 
multiple vertebral fractures, 
had physical and sports activ-
ity limitations that were unre-
lated to the humeral fracture.

Distal metaphyseal-diaphyse-
al junction fractures

Fractures of the distal meta- 
physeal-diaphyseal junction 
are rare, and their treatment 
may be problematic. Fayssoux 
et al [6] reported that oblique 
fractures may be difficult to 
reduce, and transverse frac-
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compared the treatment results of 39 patients 
with either percutaneous Kirschner wire fixa-
tion or ESIN and concluded that ESIN appeared 
superior to Kirschner wire fixation, providing 
shorter operation time, less surgical blood loss 
and shorter healing times for distal humerus 
fractures [7]. Although our experiences in the 
treatment of distal humeral fracture with ESIN 
are limited by the small number of patients, our 
treatment results are comparable to results of 
other researchers.  

Finally, we did not use ESIN to treat any patient 
with displaced supracondylar humerus frac-
tures, although excellent results for such treat-
ment have been described [14, 28, 32].

Conclusion

Proximal humeral fractures in children older 
than 13 years with displacement of more than 
50% of the shaft diameter and angulation >20° 
should be anatomically reduced under general 
anesthesia and stabilized. Whenever reduction 
cannot be obtained by closed means, open 
reduction should be performed because an 
obstacle may exist. ESIN has clear advantages 
over Kirschner wire fixation because it offers 
greater stability of fixation, no need for addi-
tional immobilization and earlier mobilization  
of patients. In children older than 10 years, 
indications for surgery should be established 

on an individual basis taking in account the 
amount of displacement and the remaining 
potential for growth. In pediatric patients youn- 
ger than 10 years, surgery is seldom indicated 
in cases of polytrauma, open or pathologic frac-
tures and fractures with marked displacement 
that cannot be reduced.

Displaced diaphyseal humerus fractures are 
best stabilized with ESIN. Displacement of  
>10° in any plane should not be tolerated. 
Polytrauma patients and those with pathologic 
fractures will benefit from ESIN regardless of 
the amount of displacement. The choice be- 
tween retrograde and anterograde nail inser-
tion is driven by fracture location and pattern. 
Ascending insertion from the lateral only or 
from lateral and medial entry points both have 
advantages and drawbacks. The utilization of 
one or another configuration should be based 
on fracture characteristics rather than the sur-
geon’ preference. 

Distal humerus fractures on the diaphyseal-
metaphyseal junction may be difficult to reduce 
and stabilize. ESIN, applied in either an antero-
grade or retrograde fashion, is a reliable meth-
od for treating these infrequent fractures. 

Once a pediatric patient is under general anes-
thesia in the operation room for the reduction 
of a displaced humeral fracture, regardless  
of its anatomical location, we would consider 
ESIN a better option than any type of cast 
immobilization. 

Closed reduction and percutaneous pinning  
is still the preferred method of treatment for 
supracondylar humerus fractures despite grow-
ing published evidence of excellent results for 
the treatment of those fractures with ESIN. 
Thus, ESIN should be considered as a possible 
method of treatment for displaced supracondy-
lar humerus fractures.
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