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Abstract
Background: For severe proximal humerus comminuted fractures, which are often accompanied by a
large number of fracture defects, there are many cavities left at the fracture end after reconstruction,
which is one of the important factors leading to the failure of internal �xation. At present, the appropriate
treatment of these proximal humerus comminuted fractures has not been identi�ed. The purpose of this
study used locking plates combined with �bular autografts was increased �xed strength for the treatment
of severe comminution fractures of the proximal humerus with bone defects.

Methods: 10 cases of comminuted fracture of proximal humerus with bone defect were treated with open
reduction and plate internal �xation combined with autologous �bular segment structural bone grafting.
The postoperative follow-up was summarized and statistically analyzed by a paired sample t test.

Results: There was a total of 10 cases, including 7 cases that had full follow up data. The constant
Murley score of the shoulder joint was 88.57±4.28 points at 12 months after the operation. The
preoperative HSS score of the knee joint was 90.14±4.95 points. The HSS score of the knee at 12 months
after the operation was 90.5±5.47 points. The preoperative HSS score and the postoperative 12-month
score had P=0.088 (>0.05). The shoulder function score at 12 months was de�ned as excellent in 2
cases, good in 5 case, and 100% of the patients had excellent or good scores.

Conclusions: Locking plates combined with autogenous �bula segment transplantation may be an
effective treatment for severe comminution fractures of the proximal humerus with bone defects.

Background
Proximal humeral fractures are the third most common fracture in the elderly with osteoporosis,
accounting for approximately 26% of humeral fractures [1]. Proximal humeral fractures are prone to occur
during high-energy trauma or low-speed injury in patients over 50 years old, such as simple falls [2]. For
Neer III and IV fractures with severe comminution, most doctors give priority to open reduction and
internal �xation. Most internal �xation materials are proximal humeral locking plates or proximal humeral
intramedullary nails [3]. For severe comminuted fractures, which are often accompanied by a large
number of fracture defects, there are many cavities left at the fracture end after reconstruction, which is
one of the important factors leading to the failure of internal �xation. At present, the appropriate
treatment of these comminuted fractures has not been identi�ed [4].

Autogenous �bula is a bone graft source for the treatment of bone defects and which has the advantages
of easy access, no immune rejection and considerable strength. Structural bone grafting with autogenous
�bula for the treatment of severely comminuted proximal humeral fractures can reconstruct the medial
support of the proximal humerus and increase the strength of �xation [5]. This study started in 2018, We
took autogenous �bula segments for the treatment of severe comminuted proximal humeral fractures,
and achieved satisfactory results.



Page 3/11

Materials And Methods

1  Inclusion criteria and exclusion criteria
Inclusive criteria:  Severe comminution of the humeral head with several bone defects;  Neer
classi�cation III, IV cases;  Fresh fracture;  A shoulder prosthesis replacement was not suitable.

Exclusion criteria:  There were clear surgical contraindications, infection in the operation area or severe
medical diseases;  Shoulder joint disease;  The follow-up data were incomplete or the follow-up time
was less than 1 year.

2  General information
Clinical data: there was a total of 10 cases: 7 cases had complete followed up data, 6 cases had right
proximal humerus fractures, 1 case had a left proximal humerus fracture, 6 cases were female, 1 case
was male, 4 cases had hypertension, 1 case had diabetes, 2 cases had cerebral infarction, 1 case had
osteoporosis. The mean of the patients was age 65.57 ± 11.13 years old. The cases were also classi�ed
according to the fracture: Neer fracture type  3 cases and type  4 cases. The mean height was 157.00 ±
6.83 m, and the mean body weight was 58.14 ± 12.77 kg. One case smoked, 5 cases had a walking injury,
1 case had a collision between an electric bicycle and a tricycle, and 1 case had trauma due to cycling.
The mean HSS score of the knee joint before the operation was 90.14 ± 4.95 points. The mean
intraoperative blood transfusion was 285.71 ± 219.31 ml, the mean intraoperative blood loss of the
shoulder wound was 400.00 ± 294.39 ml, and the mean intraoperative leg wound bleeding was 32. 86 ±
13.80 ml. The mean length of the �bula was 7.00 ± 1.83 cm, the mean operation time was 2.86 ± 0.38
hours, and the mean follow-up time was 18.00 ± 3.65 months.

This study was approved by the ethics committee of the author's unit, and all patients signed the
informed consent before the operation.

3  Operation method
The operation technique of the comminuted fracture of proximal humerus: after successful general
anesthesia, iodine and alcohol was used to disinfect the skin of the operation �eld, and the sterile
operation sheet was placed. A deltoid and pectoralis major intramuscular approach was made along the
injured shoulder, and the subcutaneous and fascia were dissected layer by layer. The cephalic vein was
exposed and protected, the muscle space was entered, the proximal humerus was exposed, the
intertubercular groove was found, which was used as the reduction mark, and the large and small
nodules were found. The insertion points of supraspinatus and teres major of the large and small
tubercles were sutured with "8" shape suture (Johnson, Vicki 1–0 suture), and the suture was reserved for
traction reduction. The fracture end was cleaned, and the �bular segment was inserted into the humeral
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medullary cavity. Then, the humeral head, large tuberosity and small tuberosity were reset and �xed
temporarily with Kirschner wire. Under C-arm �uoroscopy, if the fracture reduction was good, then the
proximal humerus was �xed with a locking titanium plate (Shandong Weigao proximal humerus locking
plate). The large and small nodules were sutured to strengthen the �xation. The wound was thoroughly
washed to stop the bleeding. The fracture reduction and internal �xation position were examined by
radiography. After checking the gauze instruments, the wound was closed layer by layer.

 The procedure of �bula removal: After successful general anesthesia, the air bag tourniquet of the
ipsilateral lower limb was in�ated at 50 kPa, the skin of the operation �eld was disinfected with iodine
and alcohol, a sterile operation sheet was laid, a longitudinal incision was made at the middle and upper
lateral sides of the ipsilateral leg, the skin and subcutaneous fascia were incised, and the �bula was
exposed along the extensor �exor muscle space. At the same time, the super�cial peroneal nerve was
exposed and protected, a �bular segment was excised with a swing saw, the �bular segment was located
in the middle and upper �bula, and the length of the �bular segment was approximately 7–8 cm. The
tourniquet was slowly loosened, the wound was washed, the bleeding was thoroughly stopped, and the
wound was sutured layer by layer (Fig. 1).

4  Postoperative management
Antibiotics were prophylactically administered 24–72 hours after the operation, the patient would sit up
on the �rst day after the operation, and the patient would get out of bed within 3–7 days based on the
functional rehabilitation needs of the combined operation site. The upper limb did not lift any weight for 8
weeks, passive pendulum movements were started within 6 weeks, active movement was started after 6
weeks, the patient received routine dressing changes, and the sutures were removed after 2 weeks.

5  E�cacy evaluation criteria
The patients were reexamined 1, 2, 3, 4, 5, 6 and 12 months after the operation, and the X-ray �lms were
reexamined regularly. The operation time, intraoperative bleeding, postoperative pain score and fracture
healing time of proximal humeral fractures were recorded. Shoulder function at 3 months, 6 months and
12 months after the operation was recorded by a constant Murley score. The shoulder range of motion at
3 months, 6 months and 12 months after the operation was recorded by a constant Murley score. The
neck shaft angle of the proximal humerus and 12 months after the operation were measured and
recorded. The HSS scores of the knee joint before the operation and 3 months, 6 months and 12 months
after the operation were recorded.

6  Statistical analysis
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SPSS 20.0 software was used to analyze the data, and the range of motion of the shoulder joint, constant
Murley score of shoulder joint, humeral neck shaft angle during and after the operation, and HSS score of
knee joint before and after operation were tested by a paired sample t test α= 0.05

Result
There was a total of 10 cases, including 7 cases that had full follow up data, and the shoulder wound
pain score was 7.29 ± 1.11 points on the �rst day after the operation. The leg wound pain score was 5.71 
± 0.76 points on the �rst day after the operation. The fracture healing time was 2.57 ± 0.53 months. The
constant Murley score of the shoulder joint was 77.00 ± 3.00 points at 3 months after the operation. The
constant Murley score of the shoulder joint was 85.29 ± 5.07 points at 6 months after the operation. The
constant Murley score of the shoulder joint was 88.57 ± 4.28 points at 12 months after the operation. The
shoulder score at 3 and 6 months after the operation had P = 0.003 (< 0.05), and the shoulder score at 6
and 12 months after the operation had P = 0.214 (> 0.05). The preoperative HSS score of the knee joint
was 90.14 ± 4.95 points. The HSS score of the knee at 3 months after the operation was 91.43 ± 6.27
points. The HSS score of the knee at 6 months after the operation was 90.86 ± 5.73 points. The HSS
score of the knee at 12 months after the operation was 90.57 ± 5.47 points. The preoperative HSS score
and the postoperative 3-month score had P = 0.678 (> 0.05). The preoperative HSS score and the
postoperative 6-month score had P = 0.807 (> 0.05), and the preoperative HSS score and the
postoperative 12-month score had P = 0.088 (> 0.05). The shoulder abduction score was 7.71 ± 0.76
points at 3 months, 9.14 ± 1.07 points at 6 months and 9.71 ± 0.76 points at 12 months. The shoulder
�exion score was 7.71 ± 0.76 points at 3 months, 9.14 ± 1.07 points at 6 months and 9.43 ± 0.98 points at
12 months. The shoulder external rotation score was 2.86 ± 1.07 points at 3 months, 4.86 ± 1.07 points at
6 months and 5.43 ± 0.96 points at 12 months. The shoulder rotation score was 2.57 ± 0.98 points at 3
months, 4.86 ± 1.57 points at 6 months and 5.71 ± 2.14 points at 12 months. The proximal humeral neck
trunk angle recovered to 126.86 ± 7.88° during the operation, and the proximal humeral neck trunk angle
at 1 year after the operation was recovered to 125.86 ± 7.86°, P = 0.816 (> 0.05). The shoulder abduction
scores at 3 months and 6 months after the operation had P = 0.014 (< 0.05), and the shoulder abduction
scores at 6 months and 12 months after the operation had P = 0.273 (> 0.05). The shoulder �exion scores
at 3 months and 6 months after the operation had P = 0.015 (< 0.05), and the shoulder �exion scores at 6
months and 12 months after the operation had P = 0.611 (> 0.05). The shoulder external rotation scores
at 3 months and 6 months after the operation had P = 0.004 (< 0.05), and the shoulder external rotation
scores at 3 months and 6 months after the operation had P = 0.218 (> 0.05). The shoulder internal
rotation scores at 3 months and 6 months after the operation had P = 0.007 (< 0.05), and the shoulder
internal rotation scores at 6 months and 12 months after the operation had P = 0.410 (> 0.05). The
shoulder function score at 3 months was de�ned as excellent in 0 cases, good in 1 case, fair in 6 case;
14.3% of patients had excellent or good scores. At 6 months, the shoulder function score was excellent in
2 cases, good in 4 cases and fair in 1 case, and 85.7% of patients had excellent and good scores. At
twelve months: two cases were excellent, 5 cases were good, and 100% of the patients had excellent or
good scores.
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Classic case(Fig. 2 Fig. 3 Fig. 4)

Discussion
An excellent shoulder function score 12 months after the operation was noted in all 7 patients in this
study who had complete follow up data. The activity and function of the shoulder joint were greatly
improved within 6 months after the operation. The functional improvement was not obvious after half a
year. There was no statistical signi�cance between the neck shaft angle of the humerus and the neck
shaft angle of the humerus 12 months after the operation. It showed that the reduction did not fail. The
knee HSS score was not signi�cantly different at 3 months, 6 months and 12 months, which indicated
that the �bular segment had little in�uence on walking function and that it was a safe bone-grafting site.

The method of autogenous �bular bone grafting in this study can not only reduce the di�culty of
operation but also can increase the medial support of the proximal end of the humerus, increase the �xed
strength, insert the �bula into the medullary cavity, close the large, small nodule and humeral head to the
�bula segment, simplify the operation, and be more conducive to the healing of the fracture and the
recovery of postoperative function. The operation is simple, the �bular segment can make up the bone
defect and support the humeral head, and the internal �xator is also combined with the �bular segment.
The screw is �xed on the �bular segment. The �bular section is located in the medullary cavity, which can
achieve the effect of intramedullary �xation and is equivalent to the combination of intramedullary
�xation and extramedullary �xation, which greatly enhances the control of the screw, increases the
�xation strength, and is very suitable for elderly patients with osteoporosis. It is also bene�cial to early
rehabilitation exercises after fracture repair, and avoids the loosening of screws and fracture
displacement.

The following points should be noted when removing the section of �bula: the section of �bula generally
needs to be 6–10 cm, it is necessary to make a good preoperative plan, it is important to estimate the
width and length of medullary cavity, and the surgeon needs to design the length of �bula section
because the section may not conducive to fracture reduction if it is too long or too short. Autogenous
�bula does not develop rejection reactions, and compared with the ilium, it is long, strong, and has good
support effect on the humeral head, which is equivalent to allogeneic �bula segments. There is no
immune rejection, and the source is convenient. The removal of the section of �bula had no signi�cant
effect on walking.

Serious comminuted fractures, often accompanied by a large number of fracture defects, and a large
cavity left behind after reconstruction is one of the important factors leading to the failure of internal
�xation operations [6]. At present, the best treatment is still unknown. Although joint prosthesis
replacement can treat severe comminuted fracture [7], due to the expensive price, some patients will reject
it and shoulder prosthesis replacement can only be performed in some large hospitals. Some patients
agree to have iliac bone grafts, which can promote fracture healing and �ll some space, however, the
amount of bone of such fractures is often too large, the iliac bone taken out does not �ll the defect, and it
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is di�cult to support the defect. Therefore, some operators try to use the allogeneic �bula segment to
implant bone, which can support and achieve satisfactory effects, however, �bular materials are limited,
the cost is relatively expensive, there is rejection, and some hospitals cannot do these procedures.
Compared with the allogeneic �bula segment, the source of the autogenous �bular segment is convenient
and an easy operation, without increasing the excessive medical expenses, which can be accepted by
most patients. The disadvantage of the autogenous �bula segment is that an additional incision is
needed, which can increase the pain of the patients. It is not recommended to perform it in young
patients. The indications for surgery are mainly severe comminuted proximal humeral fractures with a
large number of bone defects. At present, the number of cases in this study is small, and further research
is still needed.

As a source of bone grafts, auto�bular bone is convenient and effective. Locking plates combined with
autogenous �bula segment transplantation may be an effective treatment for severe comminution
fractures of the proximal humerus with bone defects.
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Figures

Figure 1

A: Cut the skin and prepare to take the �bula segment; B: The �bula segment has been intercepted; C: The
remaining periosteum in �bula segment was cleaned up; D: Repaired �bula segment; E: The �bula
segment is �lled in the proximal humerus, and the vascular clamp refers to the �bula segment implanted
in the medullary cavity.
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Figure 2

A, B: Anteroposterior and lateral X-ray picture of proximal humerus before operation (Red arrow refers to
displaced humeral head); C, D: X-ray picture of proximal humerus in anteroposterior and lateral position
after operation; E, F: Anteroposterior x-ray picture of tibia and �bula after �bula removal.

Figure 3
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A: Preoperative CT image of the right proximal humerus in horizontal position; B: CT images of the right
proximal humerus coronal position before operation; C: Preoperative sagittal CT images of the proximal
right humerus; D: Preoperative three-dimensional reconstruction CT of proximal right humerus; E:
Postoperative CT images of the right proximal humerus were taken; F: CT images of the right proximal
humerus coronal position after operation; G: CT images of the right proximal humerus in sagittal position
after operation; H: The right proximal humerus was reconstructed by three-dimensional CT.

Figure 4

A: Shoulder abduction and �exion 12 months after operation; B: Adduction and internal rotation of
shoulder joint 12 months after operation; C: 12 months after operation, the patient's shoulder joint was
extended and rotated; D: After 12 months of operation, the patient's shoulder joint extension picture.
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