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Introduction

Humeral shaft fractures are one of the most common ortho-
pedic problems, accounting for approximately 3 % of all
fractures [1]. Treatment approaches for this type of injuries
continue to advance in both operative and non-operative
methods. It is generally accepted that most of the humeral
shaft fractures are managed best non-operatively, while
some indications of primary or secondary operative
approaches include polytrauma with substantial chest and/

or head injury, an ipsilateral fracture of both bones of the
forearm (floating elbow), extensive local associated injury
involving the joint, brachial plexus, muscle, or tendon,
inadequate reduction of the humeral shaft fracture by closed
means, and pathological humeral shaft fracture [2, 3].

Despite the good results of union in non-operative man-
agement, there are still some issues such as long-term treat-
ment and patient intolerance, particularly among the young
and active patients who always make researchers and sur-
geons discuss operative management. The encouraging results
that have been reported with recent advances in internal fixa-
tion techniques and instrumentations have led to an expansion
of surgical indications for such fractures [4]. Fixation by
means of plates has been considered as the standard method.
Problems associated with this method include wound compli-
cations such as infection, high probability of delayed fusion
(especially when the principles of plate fixation were not
performed accurately), non-union, and fixation failure [5, 6].
Intra-medullary nailing is another appropriate surgical tech-
nique that could be performed through both antegrade and
retrograde approaches. There are various results in the litera-
ture about unreamed humeral nailing (UHN) and some trials
reported various rates of non-unions [7, 8]. We believe that
because of the shoulder joint’s wide range of motion UHN
with the antegrade approach without distal locking, except of
little increasing the risk of non-union, will not cause any
significant complication, but it may reduce the time of oper-
ation and lower the chance of radial nerve injury. The aim of
this study is to evaluate the outcomes of UHN through ante-
grade approach in patients with humeral shaft fractures.

Materials and Methods

A prospective study of management of acute humeral shaft
fractures by antegrade UHN was undertaken in our hospitals
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Abstract The purpose of this study was to assess the out-
come of humeral shaft fractures treated with Unreamed
Humeral Nailing (UHN) system. Fixation of the humeral
shaft fractures in this study was performed by minimal
incision UHN system, without using its distal locking prop-
erties. Forty one patients were treated this way. Functional
status of shoulder and elbow were evaluated using Society
of the American Shoulder and Elbow Surgery (SASES)
scoring system. During follow up period, no superficial or
deep infections were observed. Mean union time was
13 weeks. Shoulder and elbow functions using SASES scale
were excellent or good in 93 % of the patients. Complica-
tions included delayed union in 3(7.3 %), nonunion in 2
(4.8 %) and radial nerve palsy in 1(2.4 %). Antegrade
unreamed humeral Nailing is an acceptable, safe and reliable
treatment for humeral shaft fractures.



over a period of 2 years (January 2003 to January 2005). The
average follow-up period was 1 year (range 10–24 months).

The protocol of the study was approved by the institu-
tional committee of Shahid Beheshti Medical University
(SBMU) and each patient before participating in the study
provided the informed consent. Forty-one patients with
closed acute humeral shaft fractures requiring operative
management were treated with UHN. The inclusion criteria
were: (1) humeral shaft fractures which indicated operative
treatment and were managed through interlocking and (2)
patients with age of over 18 years. The exclusion criteria
were: (1) patients of age less than 18 years, (2) segmental
fractures, (3) fractures were within 4 cm of proximal or
distal end of humerus, (4) pathological fractures. All
patients had suitable clinical and radiological evaluation
before making a decision about surgical intervention. All
fractures were classified according to the Muller AO classi-
fication. After using the inclusion and exclusion criteria, we
included 41 patients for UHN. For proximal entrance, a 1–
2 cm incision was carefully made on the anterolateral por-
tion of the shoulder in order to minimize the injury to deltoid
muscle, and the rotator cuff antegrade interlocking method
was applied with an intra-medullary nail (Russell-Taylor
type) (Fig. 1).

The important hypothesis in this study is that according
to the shoulder’s wide range of motion even if not locking
the distal portion causes some extent of non-union, it would
not cause any rotation limit. Not locking the distal portion
would significantly reduce the duration of the operation and
lower the risk of radial nerve injury. Active and passive
motions of the elbow and pendulum exercises of the shoul-
der were started immediately after operation. And after
2 weeks, active and passive flexion and abduction of the
shoulder were started. Rotational movements of the shoulder

especially against resistance for at least 3 weeks were pro-
hibited. Patients were visited within 1–2 month interval for at
least 6 months. Union status was investigated using control
radiographies. Side effects were recorded for each patient. The
functional status of the shoulder and elbow was evaluated
using the Society of the American Shoulder and Elbow Sur-
gery (SASES) scoring system (see Appendix 1). Scores (98 to
100) were considered excellent, (95 to 98) good and under 95
were unacceptable. As defined by the standard, duration for
normal union is 8 to12 weeks, delayed union is 3 to 6 months
and for non-union it is more than 6 months. The exact time
that takes for each patient to return to daily activities was
recorded. Statistical analysis was carried out by means of
SPSS 18.0 software for Windows. The results are expressed
as means±SD and student t test analysis were performed for
their comparison. Probability values of less than .05 were
considered significant.

Results

Of our 41 patients, 7 (17 %)] were women and 34 (83 %)
were men. The youngest patient in our trial was 21 years
while the oldest was 59 years, and the mean age was 39. The
maximum incidence was seen in age groups 21–30 and 31–
40 years. Motor vehicle accidents accounted for about 78 %
of the fractures followed by other causes. All of the fractures
could be classified as A3 and B2 of the AO classification,
and 68 % happened in the middle third of the humerus shaft.
Associated medical problems included diabetes mellitus in
three patients, hypertension in four patients and ischemic
heart disease in two patients. All of our patients were nailed
in a close manner and the operation time averaged 34 min
(34±10.1). Pre-operative radial nerve palsy was seen in
three cases (7.3 %) in our cases. All patients with pre-
operative radial nerve palsy after stabilization recovered
completely, representing a neuropraxia kind of injury. The
average union time was 13 weeks (13±7.3) (Fig. 2). Oper-
ation associated complications have been summarized in
Table 1. One patient developed post-operative radial nerve
palsy, but after about 6 weeks this patient stated no problem
in association with radial nerve territory. The average union
time in four patients with radial nerve palsy (before and after
surgery) was 20 weeks, which is statistically significant
from the group without radial nerve palsy (P<0.05). Shoul-
der and elbow functions are shown in Table 1 and Figs. 3
and 4. The average time of returning to daily activities was
4 weeks and turning back to their jobs was about 10 weeks.
In an incidental finding after 1 year in six patients who
underwent UHN extraction, bone growing in the distal
portion of the nail’s canal was found, which we think that
it may facilitate rotational stability of the fracture site in
spite of nailing without distal locking (Fig. 5).Fig. 1 Proximal entrance incision site
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Discussion

Most of the fractures of the humerus shaft could be treated
with non-operative techniques [9]. But there are always
some problems such as long duration of the treatment and

low compliance of patients, which have led researchers to
operative techniques. The standard technique for the opera-
tive approach is plate fixation. Nevertheless one of the
common complications in this method is radial nerve injury,
which has been reported in about 3–20 % of patients [5, 6,
8]; non-union has also been reported in about 2–6 % of
patients [5, 8, 10, 11]. In the UHN technique, radial nerve
injury in 2–4 % of patients has been reported [7–9], and non-
union has been seen in 5–10 % of patients [9, 12–14]. In all
these articles, proximal and distal locking has been performed
simultaneously.Malfunction of the shoulder has been reported

Fig. 2 a-Post-operation
radiograph of UHN. b-
Radiograph of good results with
interlocking nailing

Table 1 Outcomes and operation associated complications in our
patients

N (41) %

Shoulder function at 3th month

Excellent 30 73.2

Good 7 17

Poor 4 9.8

Elbow function at 3th month

Excellent 33 80.5

Good 8 19.5

Poor 0 0

Shoulder function at 6th month

Excellent 36 87.8

Good 3 7.3

Poor 2 4.9

Elbow function at 6th month

Excellent 39 95.1

Good 2 4.9

Poor 0 0

Delayed union 3 7.3

Non union 2 4.9

Infection 0 0

Nerve palsy 1 2.5
Fig. 3 Comparison of shoulder function
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in the antegrade technique due to rotator cuff injury [7, 8].
This study has been performed with two main hypotheses:

1) Not locking the distal portion will not cause an impor-
tant problem for patients due to the shoulder’s wide
range of motion, and it may help union process by
putting stress on the site.

2) Rotator cuff injury would be least if the minimally
invasive method in proximal entrance with 1–2 cm
approach in anterolateral portion of the shoulder is used.

Pretell et al. [15] operated the humeral pathologic shaft
fractures by means of intra-medullary nailing and the mean
operating time was 48 minutes (range 35–160 min). Koike et
al. [16] evaluated the clinical and radiographic results of the

intra-medullary nailing retrospectively and the mean operation
time was 84 min (range 54–114 min). In comparison with
mentioned studies, our technique can significantly reduce the
operating time of nail insertion in patients with humeral shaft
fractures (P<0.05). McCormack et al. [17] compares the out-
comes of humeral shaft fractures via intra-medullary nailing and
dynamic compression plate, and the rate of non-union in the
nailing group was 9.5 %. Also, Singisetti and Ambedkar [4] in a
prospective study compared the clinical results of nailing and
plating, and the non-union rate of the nailing group was 5 %.
With regard to the above studies, our technique leads to slightly
increased non-union rate. McCormack et al. [17] reported three
cases of post-operative radial nerve palsy among 21 patients
who underwent intra-medullary nailing (14.2%). In our patients,
only one case of post-operative radial nerve palsy was detected,
and the patient recovered after about 6 weeks of operation.

In our study, the rate of union was perfectly acceptable, and
the functions of the shoulder and elbow were in excellent or at
least good range in most of the patients; two hypotheses con-
cluded to be correct. The important point is that all the patients
who had radial nerve palsy had delayed union. And the only
case of non-union was in a patient with radial nerve palsy.

Conclusion

Overall it seems that the use of minimally invasive ante-
grade UHN without distal locking method is safe, easy and
acceptable for humerus shaft fractures, and reduces the risk
of radial nerve injury and union period.

Appendix 1

Details of the American Shoulder and Elbow Surgeons’
(ASES) score

(4 0 normal; 3 0 mild compromise, 2 0 difficulty, 1 0 with
aid, 0 0 unable, NA 0 not available)

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

Fig. 4 Comparison of elbow function

Fig. 5 Bone growing in distal portion of the nail’s canal may lead to
rotational stability of the fracture site
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