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Abstract
Background: There are more and more complex consolidated proximal fractures, and the postoperative effect is not very 
satisfactory. Therefore, we propose a surgical method and evaluate its effect.

Methods: A total of 77 patients with complicated proximal humeral fractures who underwent surgical treatment in the Affiliated 
Hospital of Nantong University from June 2015 to January 2019 were collected. Among them, the internodal groove medial 
support plate assisted reduction and fixation technique and the lateral locking plate were used. A total of 15 cases of complicated 
proximal humeral fractures were used as the study group, and 62 patients with the same type of proximal humeral fractures 
treated with traditional reduction methods and internal fixation with lateral locking plates during the same period were used as 
the control group. The operation time of the two groups; intraoperative blood loss; number of effective intraoperative fluoroscopy; 
postoperative humeral neck shaft angle loss after reduction; postoperative shoulder joint Constant-Murley score; upper limb 
function DASH score and postoperative complications were retrospectively reviewed comparative analysis.

Results: The number of effective intraoperative fluoroscopy was (6.18±1.869) times in the control group, more than (3.93±1.387) 
times in the study group, and the difference between the two was statistically significant (P<0.05);The operation time of the study 
group was longer than that of the control group, and the intraoperative blood loss of the study group was more than that of the 
control group, but the difference between the two was not statistically significant (P>0.05).In the first 1, 3, 6, and 12 months 
after surgery, in terms of imaging measurement, the loss angle after reduction of the humeral neck shaft angle in the control 
group and the study group increased with the increase in postoperative time. There was no significant difference in the lost angle 
after reduction of the humeral neck shaft angle between the two groups at month and 3 months (P>0.05).At the 6th and 12th 
months after surgery, the lost angle after reduction of the humeral neck shaft angle in the study group was smaller than that in 
the control group, and the difference between the two groups was statistically significant (P<0.05).For the recovery of shoulder 
joint function after surgery, the Constant-Murley score of the shoulder joint and the DASH score of upper limb function of the 
control group and the study group increased with the increase of postoperative time, while the Constant score and DASH score of 
the two groups were 1 after surgery. There was no significant difference at months, 3 months, 6 months and 12 months (P>0.05).

Conclusions: The anteromedial support plate assisted reduction of the internodal groove can be used as a single locking plate 
for the treatment of complex proximal humeral fractures with medial column instability. It is an option when reduction is difficult 
or it is difficult to maintain stable reduction, which improves the quality of reduction and reduces surgery. Loss of posterior 
fracture reduction.
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Introduction
The shoulder joint is the joint with the largest range of motion in 
the human body. Although a certain degree of deformity will not 
cause obvious dysfunction, at present, orthopedic surgeons still 
face great difficulties in the treatment of complex proximal hu-
meral fractures [1]. At present, locking plate fixation has become 
an effective treatment for complex proximal humeral fractures, but 
when using lateral locking plates to treat proximal humeral frac-
tures with medial column injury, there is still a high postoperative 
complication [2]. Rate, up to 25% [3]. Due to the lack of effective 
reduction and the maintenance of stability after reduction during 
the operation, and it is difficult to accurately fix the plate to the an-
terior edge of the humeral shaft, these factors lead to the possibility 
of rotation or angular deformation after the use of a single locking 
plate to reduce the fracture, which will eventually lead to fractures. 
The prognosis is poor [4]. 

Therefore, how to ensure the stability of the medial column of the 
humerus to ensure the quality of surgical reduction is a difficult 
point in the treatment of proximal humeral fractures. We have pro-
posed a treatment plan for the treatment of complex proximal hu-
meral fractures with the aid of reduction and fixation through the 
anteromedial support plate of the intertubular groove. This plan 
has certain feasibility. The anteromedial support of the intertuber-
cular groove can better maintain the stability of the media during 
the operation, so that the stress distribution on the medial proximal 
humerus after fracture is as close as possible to the normal stress 
distribution on the medial humerus, ensuring maximum recovery 
of the humeral neck The dry angle allows fracture reduction to be 
carried out in the best way, which will help fracture healing and 
reduce the occurrence of poor fracture union and fracture compli-
cations [5].This article aims to investigate the clinical application 
of this technique by reviewing the short- and medium-term clinical 
efficacy and radiological results of the treatment of complex proxi-
mal humeral fractures with the anteromedial support plate assisted 
reduction and fixation of the transtubercular interstitial sulcus and 
the results of simple locking plate fixation. 

Methods
Object
The subjects were 77 patients with complex proximal humeral 
fractures treated with lateral locking plate fixation and medial sup-
port plate plus lateral locking plate fixation in the Department of 
orthopaedics of the Affiliated Hospital of Nantong University from 
June 2015 to January 2019 (Neer type III or Type IV). Among 
them, 15 cases of complex proximal humeral fractures treated with 
medial support plate assisted reduction and lateral locking plate 
were used as the study group. There were 9 females and 6 males, 
aged 58 to 83 years old, with an average of (66.5±12.8) years old. 
A total of 62 cases of the same type of proximal humeral fractures 
treated with traditional reduction methods and internal fixation 
with lateral locking plates during the same period were used as the 
control group. There were 41 females and 21 males, aged 53 to 81 
years old, with an average of (59.2±15.5) years old.
Method
Inclusion criteria
1. Complicated proximal humeral fractures (Neer classification 

of three-part and four-part fractures),
2. Unilateral injury,

3. The causes of injuries in all patients are similar, mostly caused 
by indirect violence,

4. All patients underwent surgery within 3 weeks after injury, 
and the surgery was performed by the same group of doctors,

5. Postoperative follow-up time is ≥12 months, and the age is 
greater than 18 years.

Exclusion Criteria
1. Complicated with nerve injury or neuromuscular disease,
2. Open fracture,
3. Multiple injuries,
4. Pathological fracture,
5. Various contraindications related to surgical treatment.

 Evaluation Standard
According to the operation records and anesthesia records of the 
two groups of patients, the number of intraoperative fluorosco-
py, operation time and intraoperative blood loss were collected 
and compared. The shoulder joint function Constant score and 
upper limb function DASH score were performed at 1, 3, 6, and 
12 months after the operation. X-rays were re-examined several 
times, and the lost angle of the humeral neck shaft angle of the two 
groups was recorded and calculated [6]. Corresponding data were 
compared according to the measurement and calculation results 
of the lost angle of the humeral neck shaft angle after reduction 
and the changes in the Constant score of the shoulder joint func-
tion and the DASH score of the upper extremity function obtained 
during the follow-up at 1, 3, 6, and 12 months after the operation.

 Preoperative preparation:
1. All patients undergo routine examinations after admission to 

assess their cardiopulmonary function,
2. Further imaging examinations, including standard anterolater-

al x-rays and CT3D imaging of the affected shoulder,
3. Routine analgesic and swelling treatment.
4. Elderly patients with chronic diseases such as hypertension 

and diabetes should control their complications.
 
Surgical methods
All patients underwent intravenous compound anesthesia. After 
successful anesthesia, they were in supine position or beach chair 
position. Take the deltoid-pectoralis major space approach, pull 
the cephalic vein to the inside for protection, and fully expose the 
fractured end. The humeral head and shaft were reduced by trac-
tion and prying, and the rotator cuff attached to the large tubercle 
or the small tubercle was sutured with No. 5 Ethbon thread for 
traction, and the large and small tubercle bone pieces were reset. 
Postoperative c-arm fluoroscopy to monitor the effect of reduc-
tion and fixation. According to the different reduction and fixation 
methods during the operation, they were divided into a simple lat-
eral plate fixation group (control group) and a medial support plate 
assisted reduction group (study group).

Control group
After reduction, several Kirschner wires are used for temporary 
fixation. After the reduction is satisfactory, the Kirschner wires 
that obstruct the plate fixation should be removed, and the lateral 
proximal humerus locking compression plate should be used for 
fixation.
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Study group
First reset the medial bone block and temporarily fix it with several 
Kirschner wires. Place a pre-bent 1/3 tube-shaped steel plate on 
the inner side of the proximal humerus, that is, the anterior and 
inner side of the biceps longiceps tendon groove. The proximal 
1-2 cortical screws are fixed to the humeral head, and the distal 
2-3 cortical screws are fixed to the humeral shaft. Maintain the sta-
bility of the head and neck stem, Then the large and small tubercle 
bone blocks were reset, the Kirschner wires that obstructed the 
plate fixation were removed, and the proximal humerus locking 
compression plate was used to fix the outside.

Postoperative Treatment
After the operation, the conventional triangle sling was suspended 
and fixed for 4-6 weeks, Passive forward flexion can be started 
after 1 week, abduction and internal and external rotation can be 
increased after 6 weeks, and active muscle training can be started 
after 12 weeks. X-ray examinations were performed at 1, 3, 6 and 
12 months after surgery. The Constant score of shoulder joint func-
tion and the DASH score of upper limb function were performed at 
1, 3, 6 and 12 months after surgery.

Record Postoperative Complications and Functional 
Evaluation Indicators
Record the postoperative and follow-up review, evaluate the rel-

evant functional scores, ask a physician with rich experience in 
imaging to take x-rays, using the forearm in a neutral position, and 
then take a front and side view of the shoulder joint to ensure that 
the forearm is not in an internal or external rotation position. In 
order to understand whether there is fracture reduction loss, bone 
healing, and the same person repeats the measurement of the rel-
evant angle 3-5 times, then calculates and compares, and records 
the relevant complications.

Results
The IBM SPSS22.0 software was selected for statistical analy-
sis and processing. The recorded data was expressed by x ±s, the 
count data such as the number of cases in the general patient data 
were used by the χ2 test, and the independent sample t test was 
used for the numerical data between the two groups. P<0.05 was 
considered as statistically significant.

Basic situation
A total of 77 eligible patients were enrolled in this study, and they 
were all followed up effectively. The basic conditions of the two 
groups are shown in Table 1. There was no statistically significant 
difference between the two groups of patients in terms of gender, 
age, side of injury, Neer classification, and time from injury to 
operation (p>0.05). The clinical data of the two groups were com-
parable.

Table 1: The patient's age, gender, injury side, neer classification of fracture and the time from injury to operation

Group Number 
of cases

Age 
(x ± s)

Gender Injury side Neer Time from injury to 
operation( w, x ± s)M W left right NeerIII NeerIV

Research Group 15 66.5±12.8 6 9 10 5 6 9 2.4±1.8
control group 62 59.2±15.5 21 41 34 28 34 28 2.3±2.1 
P >0.05 >0.05 >0.05 >0.05 >0.05

Perioperative situation
The perioperative data of the two groups of patients are shown in 
Table 2. The operation time of the study group was longer than 
that of the control group, and the intraoperative blood loss of the 
study group was more than that of the control group, but the dif-

ference between the two was not statistically significant (P>0.05). 
The number of intraoperative fluoroscopy in the control group was 
more than that of the study group. The difference was statistically 
significant (P<0.05).

Table 2: Perioperative conditions

Group Number of cases Operation time (min) Bleeding volume (ml) Intraoperative fluoroscopy times
control group 62 55.19±12.21 106.30±26.19 6.18±1.87
Research Group 15 59.17±11.04 124.17±13.12 3.93±1.39
t 0.410 2.456 1.755
P 0.526 0.126 <0.05

Follow-up results
All 77 patients were followed up for at least 12 months, with an 
average follow-up time of (14.05±1.72) months. Table 3 shows in 
detail the Constant scores and comparisons of the shoulder joints 
at 1, 3, 6, and 12 months after surgery, and Table 4 shows the 
DASH scores and comparisons of the two groups. At 1, 3, 6, and 

12 months after surgery, the Constant scores and DASH scores of 
the two groups of patients were similar, and there was no statistical 
difference (P>0.05). Although the two groups of patients recov-
ered slowly in the early stage and had obvious pain symptoms, 
they were the overall functional recovery was better in the late 
course of the disease.
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Table 3: Constant Murley score of shoulder function
Group DASH score in the first 

month
DASH score in the third 
month

DASH score in the 6th 
month

DASH score in the 
12th month

Research Group 69.9±5.6 50.3±5.6 22.4±6.6 10.6±7.9
control group 70.7±4.5 52.3±6.6 23.3±6.8 11.7±7.2
t 0.165 1.738 0.050 0.035
P >0.05 >0.05 >0.05 >0.05

Table 4: Upper limb function DASH score

Group Lost angle in the first 
month (°)

Lost angle in the 3rd 
month(°)

Lost angle in the 6th 
month (°)

Lost angle in the 12th 
month (°)

Research Group 0.27±0.10 0.51±0.18 0.99±0.20 1.38±0.22
control group 0.28±0.11 0.65±0.17 1.59±0.59 3.86±1.58
t 0.061 0.022 11.667 13.816
P >0.05 >0.05 >0.05 >0.05

Radiological measurement
The measurement and calculation results of the lost angle of the 
humeral neck shaft angle after reduction are shown in Table 5. 
There was no statistically significant difference in the loss of the 
humeral neck shaft angle between the two groups at the first and 

third months (P<0.05), while at the sixth and 12th months after the 
operation, the study group's humeral neck shaft angle was reset. 
The posterior loss angle was smaller than that of the control group, 
and the difference was statistically significant (P<0.05).

Table 5: Angle lost after reduction of humeral neck trunk angle (°)
Group Constant score in the 

first month
Constant score in the 
3rd month

Constant score in the 
6th month

Constant score in the 
12th month

Research Group 37.3±4.1 66.3±4.4 72.1±4.1 86.1±4.1
control group 36.6±4.2 64.3±4.6 71.7±4.2 86.1±4.1
t 0.179 0.104 0.023 0.475
P >0.05 >0.05 >0.05 >0.05

Figure 1: A 62 year old male with Neer type IV proximal humeral fracture was treated with medial assist and lateral locking double 
plate. The preoperative and postoperative X-ray were compared.
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Figure 2: A 56 year old female with Neer type IV proximal humeral fracture was treated with medial assist and lateral locking double 
plate. The shoulder joint function was well recovered 12 months after operation.

Postoperative complications
One case of incision fat liquefaction occurred in the control group 
after the operation (improved after active dressing change, the in-
cision healed). One case of skin paresthesia in the deltoid region 
occurred in the study group after surgery. Considering that the ax-
illary nerve was stretched during the operation, it returned to nor-
mal 5 days after the operation. There were no complications such 
as late humeral head necrosis, loosening of internal fixation, screw 
breakage, delayed union, nonunion, etc. in both groups.

Discussion
Proximal humeral fractures are currently a common fracture, and 
lateral locking plate fixation is currently the most widely used sur-
gical method for the treatment of proximal humeral fractures [7, 
8]. However, as time goes by, more and more scholars have found 
that the postoperative complications of the treatment of complex 
proximal humeral fractures with lateral locking plates are still high, 
such as: humeral head varus deformity, fracture displacement, in-
ternal Loose fixation, broken screws, etc. [9]. The anteromedial 
support plate assisted reduction technique used in this study has 
certain advantages in maintaining the reduction of proximal hu-
meral fractures and reducing postoperative complications. The an-
terior medial plate of the intertubular groove can provide an effec-
tive medial stress dispersion for the treatment of proximal humeral 
fractures, so that the humeral head can obtain effective biological 
support, thereby increasing the stability of fracture reduction and 
reducing the loss of fracture reduction. According to the study of 
Wu JW et al., patients with medial support are better than patients 
without medial support in terms of humeral head height loss, in-
dicating that restoring medial support can maintain the reduction 
effect and enhance the stability of reduction [10]. Karppinger, et 
al. proved through biomechanical studies that those with support 
on the inner side of the proximal humerus can increase the axial 
load by nearly 10 times compared with those without support [11]. 
It also explains the importance of medial support for maintaining 
fracture reduction. In addition, this research has improved the tra-

ditional double steel plate technology. The traditional double steel 
plate technology is to reset first, and then place the double steel 
plate for fixation. In this research, the support plate is placed on 
the anterior and medial side of the internodal groove first, and then 
depends on the stable medial support. Perform reduction and fixa-
tion, which reduces the difficulty of fracture reduction.

The anterior and posterior humeral arteries are the main blood 
supply source of the proximal humerus, and the survival of the 
ascending branch of the anterior humeral artery after the fracture 
directly affects the occurrence of avascular necrosis of the humeral 
head [12]. Therefore, we need to be especially careful when per-
forming medial reduction and fixation of proximal humeral frac-
tures to protect the medial soft tissues and important blood vessels 
and nerves. The traditional double plate fixation technique is to 
place the medial support plate on the inner side of the biceps long 
head tendon groove. Excessive dissection will inevitably destroy a 
part of the medial blood supply, and we place the medial plate on 
the long biceps brachii. The anterior and inner side of the cephalic 
tendon groove only needs to peel off the partial stop of the pecto-
ralis major muscle, which can better protect the blood supply of 
the humeral head.

In this study, based on the original lateral locking plate, a pre-
curved 1/3 tube-shaped plate was added to the inner side of the 
proximal humerus during the operation to assist the reduction of 
complex proximal humeral fractures and enhance the stability of 
the fracture reduction. At the same time observe its clinical effica-
cy. In this study, although the surgical procedure required to place 
two plates in the study group was more complicated than that in the 
control group, the study group placed a support plate on the medial 
side to restore the stability of the medial column, simplify the op-
eration, and reduce the loss of position after bone block reduction. 
It can reduce the number of effective intraoperative fluoroscopy, 
and complete the reduction and fixation of fractures with better 
and higher quality. Therefore, there was no statistical difference 
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in the length of operation and the amount of bleeding between the 
two groups. Park SG et al. also demonstrated this view [13]. 

At the same time, this also reduces the radiation exposure of the 
surgeon and the patient during the operation. With the continuous 
improvement of surgical skills and proficiency, the operation time 
and blood loss of the use of internal and external double plate treat-
ments will also be reduced. Comparing the loss angle of the hu-
meral neck shaft angle of the two groups after reduction, although 
there was no significant difference between the two at the first and 
third months, at the sixth and 12th months, the data of the control 
group showed higher data and statistics Learn the difference. This 
shows that the study group has a greater advantage in maintaining 
the long-term stability of complex proximal humeral fractures af-
ter reduction and fixation than the control group. It can also be fur-
ther inferred that the study group's complications such as humeral 
head deformity will be less than the control group. Theopold J and 
others have also reached a similar conclusion [14].

According to Liu ZD and others, when the humeral neck shaft an-
gle is less than 120° after reduction, it will have an impact on the 
recovery of shoulder joint function [15]. Therefore, we regard the 
neck-stem angle <120° after reduction as meaningful or as the loss 
of neck-stem angle reduction. In this study, the loss of reduction 
rate in the control group reached 14.5%, while in the study group, 
there was no obvious loss of reduction. This further shows that the 
research group has certain advantages in maintaining stability after 
reset. Regarding the shoulder joint Constant score and the upper 
limb function DASH score, although the study group’s re-exam-
ination scores at each time point were higher than those of the 
control group, the difference between the two was not statistically 
significant. The shoulder joint function of the two groups of pa-
tients was All had a relatively good recovery after the operation.

The possible reason for the small difference in functional scores 
between the two groups is that we conducted a careful evalua-
tion before the operation and selected the corresponding surgical 
methods according to different situations, so that the patients can 
get good treatment. Although there was a difference in the angle 
loss of the neck-stem angle between the two groups, there was no 
loss of more than 20°, so there was no significant difference in 
the recovery of shoulder joint function between the two groups. 
For complex proximal humeral fractures, especially fractures with 
medial column injuries, if the support of the medial column can-
not be effectively restored during the operation, it will inevitably 
increase the secondary varus collapse, loss of reduction and final 
fixation failure of the humeral head due to lack of support. The 
possibility [16]. In this case, only one lateral steel plate cannot 
effectively maintain the stability of the fracture. Therefore, it is 
often necessary to use the medial steel plate for the necessary aux-
iliary support to rebuild the stability of the medial column, and 
cooperate with the lateral locking plate to complete the reduction 
and fixation of the fracture [17]. The main reason for the use of 
double plate fixation is that the use of a single lateral locking plate 

cannot recover and maintain the support of the medial metaphysis 
to the humeral head due to various reasons during the operation. 
Therefore, this technology cannot be used as a commonly used 
clinical fixation technology, and its application indications should 
be strictly controlled:
1. The medial metaphysis is damaged, and the bone quality is 

poor, which is expected to be difficult to restore and fix.
2. It is easy to shift after reset and fixation, and the internal fix-

ation fails.
3. After reduction and fixation, humeral head varus collapse or 

head and neck separation is likely to occur. In addition, we 
recommend that a lot of study and observation should be done 
before using this technique to prevent invalid fixation due to 
lack of surgical skills and experience.

In this study, there was 1 case of incision fat liquefaction in the 
control group. The patient is a 67-year-old obese elderly woman, 
Surgery was performed on the 10th day after injury, The dressing 
was found to be moist on the 7th day after surgery, Pressing the 
incision has yellow exudate, the incision has no redness and swell-
ing, and the skin temperature is not high. It is considered that the 
fat is liquefied. Our analysis may be due to the thick subcutaneous 
fat of the patient, the high temperature generated during the oper-
ation of the electrosurgical knife that damaged the adipose tissue, 
and the excessive stretching of the adipose tissue during the frac-
ture reduction. Therefore, for obese patients, it is especially nec-
essary to pay attention to the gentle operation during the operation 
and avoid excessive use of electric knife to cut fat tissue. One case 
of axillary nerve palsy occurred in the study group. Considering 
that it was caused by excessive pulling of the upper extremity in 
the external rotation position for a long time during the process 
of fracture reduction and plate placement. During the operation, 
it is necessary to pay attention to the gentle reduction movement, 
improve the surgical technique, and strengthen the protection of 
the axillary nerve.

This study has several limitations. First of all, this article is a retro-
spective study based on the results of follow-up, so the differences 
in observations may bias the study. Second, the sample size of this 
study is small, the follow-up time is short, and the sample statistics 
need to be expanded for long-term research.

Conclusion
For complex proximal humeral fractures, especially fractures with 
unstable medial column, the anteromedial support-assisted reduc-
tion of the internodal sulcus plus lateral locking plate technolo-
gy can effectively compensate for the limitations of the unilateral 
locking plate in the treatment of this type of fracture through the 
strong fixation of the medial support and the lateral locking plate. 
That is, a series of complications such as the difficulty of reduction 
and instability due to the lack of stability of the medial column, 
and the varus deformity of the humeral head caused by the loss of 
reduction in the later period [18].The anteromedial auxiliary plate 
technology of the internodal groove helps to improve the quality 
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of reduction and reduce the loss of the cervical shaft angle after 
fracture reduction, thereby reducing the occurrence of a series of 
complications such as humeral head varus deformity caused by 
the loss of reduction in the later stage of treatment. The clinician 
provided an alternative surgical plan.
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