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incision in 7cases, with complete exploration of axillary nerve in the substance of deltoid;
while in 13 cases, fixation was done using two separate skin windows. The mean follow up period was
26weeks (range 18-32 weeks). The average time to radiological union was14 weeks (range12-2 0 weeks). At
final follow up, there were no cases of nonunion. There were 2 cases (10%) with varus malunion of the head
fragment, and 1 case (5%) of acromial impingement. Axillary nerve palsy or deltoid dysfunction was not seen
in any of the patients. The mean Constant- Murley score of shoulder function, at final follow up, was 78
(range 64-84). Graded according to the Constant shoulder score grading criteria, by calculating the difference
of score between the involved shoulder and the uninvolved shoulder, 60% patients(n=12) had excellent, 35%
(n=7) had good and 5% (n=1) had fair functional results. Conclusion: Thus deltoid splitting approach allows
a feasible way to treat proximal humerus fractures with minimal axillary nerve injury, complications and
functional deficits.
Keywords: Transdeltoid approach, Proximal humerus fractures.

INTRODUCTION
Fracture of the proximal humerus is the second
most common fracture of the upper extremity
following distal forearm
fractures.[1] In people
older than age 65 years old, proximal humerus
fracture is the third most common fracture, after
hip fracture and Colles’ fracture.[1]
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Proximal humerus fracture present several unique
problems, which must be considered in order to
achieve the best treatment results. First, the
proximal humerus has a complex anatomy. The
rotator cuff is a critical functional structure that
must be reconstructed following proximal humerus
fracture.[2] Second, the proximal humerus is
vascularised by the anterior circumflex artery and
arcuate artery, which are both prone to injuries,
thereby increasing the risk of avascular necrosis.
Third, in proximal humerus fractures, there is
minimal bone stock to purchase. Regional
differences in the proximal humerus must be taken
into account when attempting to reduce tuberosity
fragments. For instance, the cortex of the proximal
humerus near the greater tuberosity becomes
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progressively thicker as it proceeds distally. In
fractures of the thinnest cortical bone, the fracture
lines can be difficult to oppose. Fourth, proximal
humerus fracture is associated with significant
morbidity, leading to functional impairment lasting
at least 3 months.[3] Displaced proximal humerus
fractures generally result in long-term functional
disability.[4] This type of injury is usually sustained
after a moderate- energy fall in individuals with
low bone density. [3] To-date, there is no consensus
on the optimal treatment of complex fractures of
the proximal humerus. Management of displaced
proximal humerus fractures has evolved toward
humeral head preservation. Treatment should be
guided by careful assessment of vascular status,
bone quality, fracture pattern, and degree of
comminution, as well as patient factors, such as age
and activity level. Patients who are medically
unstable or inactive are poor candidates for surgery
and instead may be treated with sling
immobilization until the fracture heals. The
ultimate goal is maximum shoulder function and
minimal shoulder pain. [4] Recently, the advances in
treatment for proximal humerus fracture have
involved minimally invasive plating which offer
minimal soft tissue damage and rapid and improved
healing of the fracture.[5,6] The surgical approaches
commonly used for MIPPO in proximal humerus
fractures are the transdeltoid lateral approach,
anterolateral approach, and deltopectoral approach.
[7]

Treatment type is primarily determined by
examining the radiographs of the proximal humerus
and then classifying the injury according to the
Neer's classification. An anteroposterior (AP) view
of the shoulder in the plane of the scapula, a lateral
view of the scapula (Yview), and a supine axillary
view are necessary to initially assess a proximal
humerus fracture. If the degree of displacement of
the humeral head or tuberosity fragments is
uncertain, an axial CT study with 2-mm sections is
obtained. [8]
Displaced complex proximal humeral fractures are
commonly treated by open reduction and internal
fixation. Most of the surgeons are familiar with the
traditional deltopectoral approach[9-11] which
utilizes the inter-nervous plane between the
pectoralis major and the deltoid; and hence this is
the most commonly used approach for proximal
humerus fracture fixation. However, this approach
causes extensive soft tissue stripping and in
fractures in which the fragments especially the
greater tuberosity fragment is displaced, usually
posterolaterally, reduction through this approach is
difficult. In addition, the application of plates on
the lateral surface of proximal humerus requires a
lot of soft tissue dissection and retraction.
Prolonged retraction during surgery may cause
ischemia to the deltoid muscle as well as extensive
damage to the soft tissue may increase the risk of

avascular necrosis of the already injured bone
fragments. Hence, an access from the lateral aspect
would be far more convenient in certain
circumstances. The transdeltoid or the deltoid
splitting approach obviates some of the
disadvantages of the deltopectoral approach and
provides convenient access to the lateral surface of
the proximal humerus.[12-14] But there have been
concerns regarding the use of deltoid splitting
approach due to the potential of injury to the
axillary nerve that traverses around the surgical
neck of humerus, through the substance of the
deltoid; and also because of the fact that splitting
the deltoid could result in weakening of this
muscle and resultant difficulty in shoulder
movements, particularly abduction.
In recent literature there has been a shift towards
the deltoid splitting approach for the fixation of
proximal humeral fractures due to the increased
visualization of the posterior fragments as well as
the less amount of soft tissue stripping.[15] We used
the deltoid splitting approach to evaluate the
feasibility and outcomes as regards to axillary
nerve injury, complications and functional deficits.

MATERIALS AND METHODS
This prospective study on 35 patients of proximal
humerus fractures, from January 2012 to February
2014. Two, three and four part Fractures of the
proximal humerus according to the Neer’s foursegment classification system for proximal
humerus fractures, were included in this study.
Fractures associated with dislocation of the
humeral head, and with other fractures in the
ipsilateral upper limb were excluded from this
study.
The fractures were evaluated by radiographs in
minimal two planes antero-posterior and axillary
view of the shoulder; and in some cases, 3D CT
scan of the shoulder was also done. Pre-anaesthetic
assessment was done.
All patients were operated in semi sitting position,
under regional or general anesthesia. Preoperatively,
the patients were administered broad spectrum
antibiotics before induction and which were
continued for 48hrs post-operatively. Before taking
incisions anatomical landmarks for the transdeltoid lateral approach were marked; Lateral
border of the acromion, and lateral side of the
proximal humeral shaft .A vertical incision in line
with the humeral shaft was put from the lateral
border of the acromion to the distal limit of the
approach which is marked 5cm below the
acromion, the middle third (acromial) part of the
deltoid muscle is split in line with its fibres.
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(d)

Figure 1: X-rays and CT scan of a patient with
comminuted proximal humerus fracture.

(e)

(a)

Figure 2: The transdeltoid approach for proximal
humerus fractures. Surface marking of bony
landmarks (a) and axillary nerve (b). Exposure of
proximal humerus (c). Extension of approach distally
if need arises (d). Philos plate fixation (e).

(b)

(c)
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(c)
Figure 3: Reduction of fractures aided with C-arm (a)
and Philos plate fixation (b),(c).

For maximum exposure the deltoid was split up to
the margin of the acromion, but distally not more
than 5 cm from its origin to avoid damaging the
axillary nerve and paralyzing the anterior part of
the deltoid. The subacromial bursa was identified
and vertically divided. A finger was inserted along
the under surface of the deltoid through the split
and the axillary nerve location was identified by
palpating along the under surface of the deltoid. It
is felt as a circumferential band on the under
surface of the deltoid. The axillary nerve is located
generally at a distance of 5-7 cm from the tip.[16-19]
The length of the incision depended upon the type
of fracture and the length of plate needed to fix it.
The fracture fragments were maneuvered and
reduced under image intensifier guidance; and
provisionally fixed with k-wires in some cases, and
ethibond sutures around the tendon insertion on
tuberosities as necessary. After feeling for the
axillary nerve, or under direct vision in cases where
the incision was single, a Philos plate was then
slided beneath this nerve on the lateral surface of
humerus. Internal fixation was done after checking
the reduction of fracture fragments under image
intensifier. Wound was repaired in layers and
sterile dressing done.
Post operatively, patient was advised an arm sling
pouch and pendulum shoulder exercises were
started the next day. Patients were followed up in
Orthopaedic OPD at 7-post op day, 15th post op
day, 6 weeks, 3 months and 6 months postoperatively.
They were evaluated for any axillary nerve
dysfunction and their shoulder functions were
evaluated using the Constant shoulder scoring
system.[20] The functional results were graded as
excellent, good, and fair or poor by assessing the
difference of the Constant shoulder score between
the affected and the normal shoulder. [22]

RESULTS

Out of a total of 35 patients included in this study,
28 were male and 7 were female; with a mean age
of 44 (range 26 – 62 yrs.). In patients, the fracture
of the proximal humerus was classified as type III;
while 30% (n=6) had type II fracture, according to
Neer’s classification. The dominant limb was
involved in 65% of the cases. The mean duration
from admission to surgery was 2 days. Depending
upon the fracture anatomy and the need for
exposure, the skin incision was a continuous long
incision in 7 cases, with complete exploration of
axillary nerve in the substance of deltoid; while in
13 cases, fixation was done using two separate skin
windows. Axillary nerve was digitally palpated on
the under surface of deltoid in the latter group and
was not completely explored under vision.
The mean follow up period was 26 weeks (range
18-32 weeks). The average time to radiological
union was 14 weeks (range 12-20 weeks).
In the early postoperative period, in two cases who
were diabetic, with poor control of sugar, there was
serosanguinous wound discharge for which cultures
were obtained and appropriate antibiotics started;
and it resolved in around 3 weeks.
At final follow-up, there were no cases of
nonunion. There were 2 cases (10%) with varus
malunion of the head fragment, and 1 case (5%) of
acromial impingement Axillary nerve palsy or
deltoid dysfunction was not seen in any of the
patients. The mean Constant- Murley score of
shoulder function, at final follow up, was 78 (range
64-84). Graded according to the Constant shoulder
score grading criteria, by calculating the difference
of score between the involved shoulder and the
uninvolved shoulder, 60% patients (n=12) had
excellent, 35% (n=7) had good and 5% (n=1) had
fair functional results.

DISCUSSION
There is no consensus as to the optimal treatment
of complex fractures of the proximal humerus. The
best results are obtained if the fractures are well
reduced and reduction is maintained until healing
has occurred.
The traditional delto-pectoral approach serves as
the “work-horse” for most of the proximal humerus
fractures due to the familiarity with this approach
but there are certain limitations of this approach. In
cases of fractures involving the greater tuberosity,
the access to the posteriorly displaced tuberosity
fragment is very limited through the deltopectoral
approach.[13] In addition, the soft tissues need to be
retracted quite a lot; and the already comminuted
fracture fragments need to be stripped of their
attachments, in order to enable fixation of the plate
on to the lateral surface in comminuted proximal
humerus fractures. In contrast, an approach from
the lateral side provides a convenient access to the
displaced fragments and also for plate fixation on
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the lateral surface.[23] Many recent studies have
shown excellent functional results with the lateral
approach, whether extended or minimal, with no
incidence of any axillary nerve palsy or any other
significant complications.[14,24] In fact, most studies
involving comparison of the functional results
between the deltopectoral and deltoid splitting
approaches have come out with better functional
scores using the deltoid splitting approach. Gardner
et al used this approach in 16 patients of proximal
humerus fractures and found it to be safe and very
useful in the treatment of such fractures.[24] Isiklar
et al in their comparative study on 42 patients of
proximal
humerus
fractures
demonstrated
significantly better constant scores at an earlier
time, in patients operated with the deltoid splitting
approach than those operated using the
deltopectoral access.[12] They were of the view that
the transdeltoid approach enabled better control and
hence better reduction of the head and tuberosity
fragments in comminuted proximal humerus
fractures. No case of axillary nerve palsy was
encountered with lateral approach in their series.
Robinson et al. were of the view that deltopectoral
approach provided a limited access to the posterior
aspect of the shoulder; and hence recommended the
deltoid splitting approach for the internal fixation
of comminuted proximal humerus fractures.[13] A
study by Liu et al on 91 patients of proximal
humerus fractures demonstrated greater range of
motion in 2 part and 3 part fractures with the
minimally invasive lateral approach, while the
conventional deltopectoral approach gave better
results in 4 part fractures; and they declared
minimally invasive lateral approach as the “optimal
alternative” in Neer’s type 2 and 3 fractures.[25] In
this study, the deltoid splitting approach was used
as an extended one in some cases, while in others,
it was used in a minimally invasive manner using
two windows, depending upon the need of
exposure to reduce and fix the fragments. In the
extended deltoid split, the axillary nerve was
secured by exploring the nerve directly under
vision. In case of minimally invasive or a “two
window” approach, the area traversed by the
axillary nerve was secured by leaving a bridge of
skin in between. Most of the studies suggest that
the axillary nerve lies at a distance of 5-7cm from
the tip of acromion.[16-19] Abhinav et al, in
cadaveric dissection of thirty shoulders, calculated
the mean acromion-axillary distance as 6.0 cm with
a range of 4.5-6.5 cm. Therefore, they
recommended that the maximum deltoid split in the
proximal window should not be more than 4.2cm;
and that splitting the deltoid should be avoided in
abduction since the nerve comes closer to acromion
by 1.5cm in this position.[16] The present study also
shows excellent or good functional results in 95%
of the patients, as determined by the Constant
shoulder score grading; and no postoperative

axillary nerve palsy or deltoid muscle dysfunction
was encountered in any of the cases. Since similar
results have been reported in the literature without
any significant complications, it can reasonably be
concluded that the lateral transdeltoid approach to
proximal humerus is a very useful approach
without any clinically significant adverse effects.
The findings of this study can be further validated
by a comparative study with other surgical
approaches, using a larger sample.

CONCLUSION
Deltoid splitting approach allows a feasible way to
treat proximal humerus fractures with minimal
axillary nerve injury, complications and functional
deficits.
The approach can be single incision or two window
technique can be utilized providing ideal
visualization of the proximal humerus fracture
fragments. We recommended trans-deltoid
approach based on our outcome to be more
practical than other approaches for proximal
humerus fractures.
Ethical Clearance:
All patients gave informed consent before inclusion
into the study. The study was permitted by the
university ethical committee and was carried with
the ethical standards of the revised Helsinki
declaration.

REFERENCES
1. Baron JA, Barrett JA, Karagas MR. The epidemiology of
peripheral fractures. Bone. 1996;18(3):209-13.
2. Fjalestad T, Hole MO, Blücher J, Hovden IA et al: Rotator
cuff tears In proximal humeral fractures: An MRI cohort
study in 76 patients. Arch Orthop Trauma Surg. 2010;
130(5):575-81.
3. Lee SH, Dargent-Molina P, Breart G, EPIDOS Group.
Epidemiologiede l’Osteoporose Study. Risk factors for
fractures of the proximal humerus: Results from the
EPIDOS prospective study. J Bone Miner Res. 2002;17:81725.
4. Nho SJ, Brophy RH, Barker JU, Cornell CN, MacGillivray
JD. Innovations in the management of displaced proximal
humerus fracture. J Am Acad Orthop Surg. 2007;15:12-26.
5. Rancan M, Dietrich M, Lamdark T, Can U, Platz A.
Minimal invasive long PHILOS®-plate osteosynthesis in
meta-diaphyseal fractures of the proximal humerus. Injury.
2010;41(12):1277-83.
6. Brunner A, Thormann S,Babst R. Minimally invasive
percutaneous plating of proximal humeral shaft fractures
with the proximal humerus Internal Locking System
(PHILOS). J Shoulder Elbow Surg. 2011;25:
7. Wong M, Bavonratanavech S. Humerus proximal in AO
manual of fracture management: Minimally invasive plate
osteosynthesis (MIPO). City:Publisher. 2007:120-30
8. Naranja RJ, Iannotti JP. Displaced three-and four-part
proximal humerus fractures: Evaluation and management. J
Am Acad Orthop Surg. 2000; 8:373-82.

Annals of International Medical and Dental Research, Vol (2), Issue (5)

Page 22

Section: Orthopaedics

Kohli et al; Proximal Humerus Fractures

Section: Orthopaedics

Kohli et al; Proximal Humerus Fractures
9. Gerber C, Werner CM, Vienne P. Internal fixation of
complex fractures of the proximal humerus. J Bone Joint
Surg Br. 2004;86: 848-55
10. Schlegel TF, Hawkins RJ. Displaced proximal humeral
fractures: evaluation and treatment. J Am Acad Orthop Surg
1994;2;54-66.
11. Cameron BD, Williams GR. Operative fixation of three part
proximal humerus fractures. Tech Shoulder & Elbow Surg.
2002;3:111-123.
12. Isiklar Z, Kormaz F, Gogus A, Kara A. Comparision of
deltopectoral versus lateral deltoid split approach in
operative treatment of proximal humeral fractures. J Bone
Joint Surg Br. 2010;92:352.
13. Robinson CM, Khan L, Akhtar A, Whittaker R. The
extended deltoid-splitting approach to the proximal
humerus. J Orthop Trauma. 2007;21:657-62.
14. Khan LA, Robinson CM, Will E, Whittaker R. Assessment
of axillary nerve function and functional outcome after
fixation of complex proximal humeral fractures using the
extended deltoid-splitting approach.Injury.2009;40:181-5.
15. Gardner MJ, Griffith MH, Dines JS et al.
The extended
anterolateral acromial approach allows minimally invasive
access to the proximal humerus. Clin Orthop 2005;434:123129
16. Abhinav G, Sivaraman B, Matthew N, Grahame JST. A
contribution to the calculation of a safe deltoid split. Int J
Shoulder Surg. 2008;2:52-5.
17. Rotari V, Moussallem CD, David E, Mertl P, Havet E.
Position of the anterior branch of the axillary nerve in
relation to the humeral bone length. Am J
Orthop.2012;41:452-5.
18. 18. Burkhead WZ, Scheinberg RR, Box G. Surgical anatomy
of the axillary nerve. J Shoulder Elbow Surg.1992;1:31-6.
19. Bono CM, Grossman MG, Hochwald N, Tornetta P. Radial
and axillary nerves. Anatomic considerations for humeral
fixation. Clin Orthop Relat Res.2000;373:259-64.
20. Kamineni S, Ankem H, Sanghavi S. Anatomical
considerations for percutaneous proximal humeral fracture
fixation.Injury.2004;35:1133-6.
21. Constant CR, Murley AH. A clinical method of functional
assessment of the shoulder. Clin Orthop Relat
Res.1987;214:160-4.
22. Fabre T, Piton C, Leclouerec G, Gervais DF, Durandeau A.
Entrapment of the suprascapular nerve. J Bone Joint Surg
Br. 1999;81:414-9.
23. Korkmaz MF, Erdem MN, Karakaplan M, Görmeli G,
Selçuk EB, Maraş Z et al. Comparison of lateral deltoid
splitting and deltopectoral approaches in the treatment of
proximal humerus fractures. Ulus Travma Acil
CerrahiDerg.2015; 21:113-8.
24. Gardner MJ, Griffith MH, Dines JS, Briggs SM, Weiland
AJ, Lorich DG. The extended anterolateral acromial
approach allows minimally invasive access to the proximal
humerus. Clin Orthop Relat Res. 2005May ;(434):123-9.
25. Liu K, Liu PC, Liu R, Wu X. Advantage of minimally
invasive lateral approach relative to conventional
deltopectoral approach for treatment of proximal humerus
fractures. Med Sci Monit. 2015;21:496-504.
How to cite this article: Kohli S, Vishwakarma N,
Chauhan S, Salgotra K, Jain S, Dumbre P, Tiwari A,
Yadav A. Transdeltoid Approach in Proximal Humerus
Fractures: Outcome in 35 Cases and Review of
Literature. Ann. Int. Med. Den. Res. 2016; 2(5):OR18OR23.
Source of Support: Nil, Conﬂict of Interest: None declared

Annals of International Medical and Dental Research, Vol (2), Issue (5)

Page 23

