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Abstract: Background: The incidence of proximal humeral fracture is increasing gradually. Many patients choose open 
reduction and internal fixation. With the maturity of surgical technology and thought, people begin to think about the 
optimization of surgical effect from the surgical incision, including less trauma, less bleeding, less postoperative complications 
and fast postoperative recovery. However, due to the complexity of shoulder anatomy, scholars have created different surgical 
approaches from different perspectives. Objective: Although the effect of open reduction and internal fixation is confirmed, there 
are still some differences in the effect of different surgical approaches. We need to study the summary and research progress of 
surgical approach for proximal humeral fracture, which is conducive to the selection of the optimal approach for incision, so as to 
improve the prognosis. Method: Selective literature review. Result: At present, common surgical approaches include lateral 
approach, anteromedial approach, anterolateral approach, small incision approach and other approaches. This paper describes 
and compares the advantages and disadvantages of each approach, so as to choose the best approach for different fracture types. 
Conclusion: Based on the complexity of the anatomical relationship of the shoulder joint, the displacement, classification of the 
fracture, the proximal humerus are opened and exposed from different perspectives. Choosing a safe surgical approach is one of 
the key links of the whole operation and plays an important role in the postoperative effect. In this paper, the common approaches 
and new approaches of open reduction and internal fixation for proximal humeral fracture are reviewed, which provides new 
ideas for the design of surgical scheme. 
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1. Introduction 

As the acceleration of the aging process in society, the 
proportion of middle-aged and elderly is increasing. The 
proximal humeral fractures is one of the four most common 
fractures in the elderly [1]. The incidence rate is increasing 
year by year. It accounts for 7-9% of all body fractures [2, 3], 
and the incidence rate of the female is higher than males. The 
reason is also related to the higher incidence of osteoporosis in 
elderly women [4]. The fracture often occurs in the low energy 
injury caused by falling over the horizontal ground, arm 
extension and standing position [5, 6]. Although the previous 
literature has pointed out that about 60-80% of non displaced 
or slightly displaced fractures can be treated conservatively 
[7], open reduction and plate internal fixation is usually 
required to restore the normal and stable anatomical structure 

of the proximal humerus for displaced and multi-part fractures 
[8]. In addition, compared with the past, expanding the scope 
of surgical indications would reduce the threshold of surgical 
indications [9]. Many complex proximal humeral fractures 
also choose open reduction and internal fixation. Most doctors 
focus on the restoration of the anatomical position of the joint, 
the strong internal fixation of the operation, the repair of the 
damaged rotator cuff tissue and the early restoration of the 
patients' activity function, while the discussion and summary 
of the surgical approach are few in academic and in practice. 
Although the surgical technique is mature and the treatment 
effect is accurate, there are still some differences in the 
surgical effects, postoperative rehabilitation, and 
postoperative complications when choosing different surgical 
approaches. Hence, it is necessary to understand the research 
progress, the summary of the surgical approach and the 
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selection of the optimal approach to develop the surgical plan 
and improve the prognosis. 

2. Anatomy 

Due to the complex anatomical relationship among the 
muscles, blood vessels and nerves of the shoulder joint, it is 
relatively difficult to choose the surgical approach, which 
requires doctors to have a thorough grasp of the anatomy of 
the shoulder joint and the displacement of the fracture. The 
posterior bundle of brachial plexus continued to be an axillary 
nerve. The projection position of the axillary nerve trunk is 
5.0cm-7.4cm away from the lateral side of the acromion [10]. 
It is initially located on the lateral side of the radial nerve and 
behind the axillary artery. The anterior, middle and posterior 
deltoid are innervated along with the deep layer of the deltoid. 
The deltoid is divided into three heads by the muscular space, 
which wraps around the shoulder joint from the front side, the 
outside side and the back side [11]. It starts from 1/3 outside 
the clavicle, lateral to the acromion and mesoscapula, and 
synthesizes a tendon to stop at the trochanter of deltoid outside 
the humerus. The broken end of the fracture can damage the 
axillary nerve, resulting in the paralysis of the deltoid and the 
limitation of shoulder abduction. The subclavian artery 
continues as the axillary artery and the brachial artery 
continues along the teres major tendon and the lower margin 
of the latissimus dorsi. The deep posterior humeral circumflex 
artery of deltoid bypassed the surgical neck and anastomosed 
with the anterior humeral circumflex artery. The anterior and 
posterior humeral circumflex brachial arteries provide most of 
the blood of the humeral head and the great tubercle of the 
humerus [12]. 

3. Surgical Approach 

Lateral approach: Longitudinal incision is made from the 
lateral margin of the acromion to the lateral side of the upper 
humerus (Figure 1). The deltoid is bluntly separated into the 
axillary nerve along with the muscle fiber space. The assistant 
pulls the deltoid to both sides, fully exposing the broken end 
of the fracture. The axillary nerve around the surgical neck of 
the humerus should be protected when exposing the surgical 
area. The surgical approach is simple and quick, and the risk 
of axillary nerve injury is low. The operative field of vision is 
clear, and the lateral surface of the proximal humerus is well 
exposed. Compared with the anteromedial approach, the 
lateral approach is more convenient to detect displaced 
fractures. The operation of plate placement is relatively easy 
and convenient [13], and functional recovery is good. The risk 
of axillary paralysis is low and no serious complications are 
found [14, 15]. Korkmaz et al. studied and analyzed that for 
AO / ASIF B and C type fractures, the effect of lateral 
approach on reduction of the humeral head and the great 
tubercle of the humerus was better than that of anteromedial 
approach. The postoperative shoulder function score is higher. 
During the operation, 270° reduction and fixation of proximal 
humerus fracture, and reduction and fixation of posterior 

fracture are more convenient. The clear exposure of axillary 
nerve can reduce iatrogenic injury [13]. However, in order to 
better expose the steel plate area during the operation, it is 
often easy to over pull the muscle and peel off too much soft 
tissue. The decrease of curative effect in some patients may be 
related to the over the destruction of soft tissue and the 
influence of fracture blood supply [16]. And the anteromedial 
fracture block is difficult to expose, which is not conducive to 
operation. Therefore, if we want to choose the lateral approach, 
we should master surgical skills. It can reduce the 
overstretching of muscle and the peeling of soft tissue, 
especially for complex comminuted fracture. More attention 
should be paid to the operation of visual field exposure to 
reduce the incidence of complications. 

 
Figure 1. Lateral approach.. 

Anteromedial approach: a longitudinal incision is made 
from the front of the shoulder joint, starting from the coracoid 
process to the medial and ending at the deltoid. After skin 
incision, the cephalic vein is found, which is the anatomical 
mark of the space (Figure 2). Blunt separation of the space 
between the deltoid and pectoralis major, if necessary, cut off 
the beginning of the anterior deltoid tendon, and fully expose 
the fracture of the valgus tissue. However, it is easy to 
aggravate the degree of blood damage of small fracture block 
and musculocutaneous nerve, which may affect the abduction 
and anteflexion of the shoulder joint. During the separation 
process, the damage to the blood circulation of the joint 
capsule and the rotator cuff should be minimized. Meanwhile, 
the cephalic vein should be protected. It is the most familiar 
and classical surgical approach for most doctors [17-19], and 
it can maximize the surgical area compared with the other two 
classic approaches. Harmer et al. also concluded that this 
approach can improve the visual effect of the surgical field by 
comparing it with the quantitative exposure surface area of the 
anterolatera approach [20]. The conclusion is the same as that 
of other authors [16]. But there are some limitations into this 
approach. Because the deltoid is fan-shaped and spreads 



58 Liu Rui Jia et al.:  Surgical Approach of Open Reduction and Internal Fixation for  
Proximal Humeral Fracture in the Elderly 

around the upper humerus. It is difficult to enter the 
posterolateral side of the shoulder joint when the fracture of 
the great tubercle of the humerus is restored or the implant is 
placed [21-23]. It is often necessary to dissect the lateral 
humeral tissue from the inside out, but this operation is easy to 
damage the anterior humera circumflexl artery. There is a risk 
of ischemic necrosis of the humeral head [24-27]. According 
to Cardet's literature, the incidence of ischemic necrosis of the 
humeral head was 37% [28]. This may be related to the injury 
of blood vessels. Therefore, doctors should pay attention to 
the protection of the artery and its branches during the 
operation, which plays an important role in the prevention of 
ischemic necrosis of the humeral head [29]. But Hettrich's 
study found that the posterior humeral circumflex artery was 
the main blood supply artery of the humeral head. The anterior 
humeral circumflex artery mainly supplies the great tubercle 
of the humerus [30]. This also explains that when the proximal 
humeral fracture destroys the anterior humeral circumflex 
artery, the humeral head is not necessarily ischemic necrosis. 
So we should pay attention to the posterior humeral 
circumflex artery. There should not be too much peeling of the 
posterior medial tissue. During reduction, we should also pay 
attention not to damage the artery and reduce the risk of 
ischemic necrosis of the humeral head. 

 
Figure 2. Anteromedial approach.. 

Anterolateral approach: According to Gardner's description, 
the approach is to open and expose the lateral humerus and the 
great tubercle of the humerus between the anterior and the 
middle deltoid bundles. It is beneficial to the indirect 
reduction of the humeral head, reducing the peeling of soft 
tissue and the damage of blood circulation, and reducing the 
damage of deltoid [23, 30-33]. And between the muscle 
bundles belong to the area without blood vessels, also better 
placed with a fixed angle of the endophyte [16]. But we need 
to pay attention to the anatomic location of the axillary nerve 
(Figure 3). The main risk of this approach is to injure the 
axillary nerve, so it is necessary to dissect the axillary nerve to 
reduce the risk of iatrogenic nerve injury [10, 34, 35]. No 

iatrogenic injury is caused to the axillary nerve when it is not 
more than 6cm in the longitudinal incision and 1cm in the 
traction of the axillary nerve from the bone cortex [31]. This 
approach has the advantages of less trauma, shorter time and 
less bleeding compared with other approaches. However, it is 
more difficult to select this approach than other approaches in 
the subsequent second operation. Due to the incidence rate of 
proximal humeral fractures is high in the elderly. If there is no 
special discomfort, there is no need for second operations to 
remove the plate to avoid the risk of reoperation [36]. Isiklar et 
al. compared with the anteromedial approach, found that 
patients in the anterolateral approach group showed better 
stable scores in the early postoperative period. And it can 
better restore the humeral head and the great tubercle of the 
humerus [37]. In terms of complications, compared with the 
anteromedia approach, Benjamin assessed the incidence of 
complications to be about the same, but the distribution of 
complications was different. The complications of the 
anterolateral approach mainly affect the head area of the 
humerus. This may also be due to the relatively small incision 
of the anterolateral approach and the insufficient field of 
vision to expose the head, which affects the reduction and 
fixation of the head fracture block. However, it is easier to fix 
the plate on the shaft of the humerus [38]. The bone density in 
the posterior, inferior and medial areas of the humeral head is 
higher [39]. Therefore, the placement of plates and screws to 
the best position during operation can promote fracture 
healing and reduce the risk of internal fixation loosening. Do 
not place the steel plate too high or too partial medial is to 
avoid subacromial impingement syndromet and affect the 
function of the internal rotation of the shoulder joint. 

 
Figure 3. Anterolateral approach.. 

Small incision approach: The traditional approach for 
proximal humerus fracture has a series of disadvantages, such 
as single incision, long incision, large trauma, more bleeding, 
long postoperative rehabilitation time, which affect the 
surgical effect and postoperative rehabilitation. Some doctors 
have improved on the traditional incision. In order to reduce 
the length of the original traditional approach incision and 
achieve minimally invasive combined with MIPPO 
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technology to complete the open reduction and internal 
fixation of fracture, Li et al. compared with the traditional 
anteromedial approach, the small incision group was superior 
to the traditional approach group in terms of intraoperative 
blood loss, operation time and postoperative function score 
[40]. In the same way, it can reduce the soft tissue peeling and 
damage through the small incision of the anterolateral 
approach combined with MIPPO technology. The 
combination of the anterolateral approach with MIPPO 
technology to reduce soft tissue dissection and injury, 
accelerate postoperative wound recovery and relieve pain, 
improve fracture end healing [41]. Because of the risk of 
injury to the axillary nerve, the distal screw should not be used 
on the internal plant [42]. However, no damage to the nerve is 
found in the small incision approach [43]. In the view of the 
potential risk of damaging the axillary nerve [44], Buecking et 
al. explored the axillary nerve with their fingers in the 
subdeltoid capsule and marked its course on the surface [38]. 
Ruchholtz et al. used five hole steel plate during the operation, 
and the top of the steel plate contacted with the bone. Three 
holes at the distal end of the plate were fixed with screws to 
avoid the axillary nerve [45]. Additionally, the small incision 
approach also has some limitations. Some studies have shown 
that the incidence of complications is related to the 
professional experience of doctors [45]. For small hospitals 
and young doctors, the learning curve is tortuous. Because of 
the small incision, the exposure field of the fracture is not 
enough, so it is necessary to fully evaluate the fracture before 
an operation. During the operation, repeated fluoroscopy is 
needed to understand the reduction and fixation. Both patients 
and doctors need to bear X-ray radiation repeatedly. However, 
the poor reduction effect or complex proximal humeral 
fracture can easily lead to malunion of fracture and ischemic 
necrosis of fracture block [46]. But we can also foresee that 
with the gradual improvement of the minimally invasive 
approach and the improvement of surgical techniques, the 
small incision approach combined with MIPPO can also be 
used to achieve the good surgical effects for complex 
fractures. 

Other incision approaches: 
Extended anterolateral approach: Mackenzize reported an 

extended anterolateral approach for shoulder replacement. 
The operator can safely expose the anterolateral proximal 
humerus. No axillary nerve injury is found in all patients. 
However, we find that the evaluation method of the axillary 
nerve is abnormal, and the evaluation methods used for 
different patients are not the same [47]. Gardner also exposed 
the axillary nerve through this approach, and no structural 
damage was found. Its validity and security are verified. 
Robinson et al. also found that this approach can avoid the 
iatrogenic injury of the axillary nerve caused by muscle 
pulling and blind reduction [22]. Mouraria combined the 
related literature analysis and indicated that the extended 
anterolateral approach can reduce the risk of iatrogenic 
axillary nerve injury, and the postoperative functional 
recovery is good [48]. 

Deltoid lift approach: For some complex fractures, the 

surgical field is often not exposed enough. Ting et al. proposed 
a new incision approach for transverse incision from the 
medial 3cm of the acromioclavicular joint of the cadaveric 
body. The skin is cut along the shoulder joint and the forearm 
lateral to below the deltoid stop. The tension of the axillary 
nerve decreased and retracted outward. According to 
quantitative measurement, the surface area of the exposed 
surgical field is relatively large, with an average of 
38cm²-53cm². It can not only keep the main nerve and blood 
vessels of the deltoid, but also displaying the key anatomical 
signs needed by operation [49]. 

Double incision approach: Gallo et al. proposed a double 
incision approach for complex proximal humeral fractures 
with tuberculum majus displacement. The anteromedial 
incision is used to expose the humeral head and shaft, and the 
lateral small incision is used to restore the tuberculum majus. 
The selection of the approach can make the steel plate pass 
through the injured side to fix the fracture block. It can not 
only reduce the peeling of soft tissue and the damage of 
blood supply, but also reducing the injury of the deltoid and 
the iatrogenic injury of the nerve caused by excessive 
traction, so as to better restore the great tubercle of the 
humerus [50]. The potential complication of this approach is 
postoperative joint stiffness, so strengthening the 
rehabilitation exercise of patients can be significantly 
improved within one year. 

4. Conclusion 

Pain, deformity and limited movement of shoulder joint 
have a great influence on the quality of life. Proximal humeral 
fracture is one of the common fractures of osteoporosis in the 
elderly. With the progress of orthopaedic surgery and the 
improvement of quality of life, more and more patients often 
choose open reduction and internal fixation. However, the 
operative approach is limited by the anatomical relationship 
and the displacement of the fracture, and specializing in the 
anatomy of the shoulder joint is the beginning of the exposure 
of the fracture site. Based on the anatomical relationship, a 
variety of surgical approaches are designed for clinicians to 
select in specific circumstances. From the research progress of 
the above approaches, we find that the approach has its own 
advantages and disadvantages. Based on the review and 
summary of the original technology, incision from all angles, 
traditional long incision to small incision combined with 
minimally invasive technology, single incision to double 
incision, are continuous reflected and innovated in order to 
provide new ideas and methods for clinical application, to 
select an optimal surgical approach for patients, to achieve the 
best surgical effect. 
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