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Retrospective Cohort Study
A retrospective, comparative cohort study of the treatment of proximal humeral
comminuted fractures accompanied by medial calcar comminuted fractures using

open reduction and locking plates with and without fibular autograft

Abstract

BACKGROUND

Severe proximal humerus comminuted fractures are often accompanied by medial calcar
comminuted fractures and loss of medial support, which are important factors that lead
to internal fixation failure. The appropriate treatment for proximal humerus comminuted

fractures has not been established.

AIM
Therefore, this study assessed the outcomes of fibular autograft with locking plates to

treat severe proximal humerus comminuted fractures.

METHODS

This retrospective, comparative cohort study comprised two groups of patients. Group 1
comprised 22 patients and group 2 comprised 25 patients with complete follow-up
data. Group 1 was treated with fibular autograft with open reduction and locking plates
to enable internal fixation. Group 2 was treated with open reduction and locking plates
to enable internal fixation. The intraoperative blood loss volume from the shoulder
wound, operative time, shoulder wound pain, bone fracture healing time, Constant-
Murley score of the shoulder joint, preoperative Holden walking function score, Mallet

score of the shoulder joint, and humeral neck-shaft angle during surgery of the two
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groups were compared, and the differences were analysed using an independent sample

t-test.

RESULTS

Group 1had a shorter mean operative time than group 2 (2.25+0.30 h vs 2.76+0.44 h;
P=0.000 [P<0.001]). Group 1 had lower shoulder wound pain scores on the first day after
surgery than group 2 (7.91+1.15 points vs 8.56+1.00 points; P=0.044 [P<0.05]). Group
1 had a shorter fracture healing time than group 2 (2.68+0.48 mo vs 3.64+0.64 mo; P=0.000
[P<0.001]). Group 1 had higher Constant-Murley scores of the shoulder joint at 3, 6, and
12 mo after surgery than group 2 (76.64+4.02 points vs 72.72 + 3.02 points, 86.36+3.53
points ©vs 8296+3.40 points, and 87.95+2.77 points ©vs 84.6842.63 points,
respectively; P=0.000 [P<0.001], P=0.002 [P<0.05], and P=0.000 [P<0.001], respectively).
Group 1 had higher Mallet scores of the shoulder joint at 3, 6, and 12 mo after surgery
than group 2 (10.32+0.57 points vs 9.96+0.54 points, 13.36+1.00 points vs 12.60+0.87 points,
and 13.91+0.75 points vs 13.36+0.70 points, respectively; P=0.032 [P<0.05], P=0.007
[P<0.05], and P=0.013 [ P<0.05], respectively).

CONCLUSION
Using locking plates with fibular autograft can recreate medial support, facilitate fracture
healing, and improve shoulder function; therefore, this may be an effective treatment

option for severe proximal humerus comminuted fractures.
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Core Tip: Proximal humeral fractures are the third most common fracture in the elderly
with osteoporosis, accounting for approximately 26% of humeral fractures. For severe
comminuted fractures, which are often accompanied by loss of medial support, there are
many cavities left at the fracture end after reconstruction, which is one of the important
factors leading to the failure of internal fixation. At present, the appropriate treatment of
these comminuted fractures has not been identified. Autogenous fibula 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
fibula for the treatment of severely comminuted proximal humeral fractures can
reconstruct the medial support of the proximal humerus and increase the strength of
fixation just like the combination of the extramedullary and intramedullary fixation. This
study started in 2018, We took autogenous fibula segments for the treatment of severe
comminuted proximal humeral fractures, and achieved satisfactory results. In this study,
although the data was rare and the shoulder replacement is also a excellent treatment for
severely comminuted proximal humeral fractures, but this treatment is a pioneer
treatment for increasing stability due to the operation is easy and the cost is low. In recent
years, scientific research has found that partial fibula resection can treat knee
osteoarthritis in the elderly. Therefore, fibula resection for treatment of humeral
comminuted fracture has no negative impact on the knee itself. This study is also the first
time to apply autologous fibula to the treatment of proximal humeral fracture. It has
confirmed that good treatment of proximal humeral fracture has no significant impact on

knee function.

INTEODUCTION

Proximal humeral fractures are the third most common fractures among elderly
individuals with osteoporosis, accounting for approximately 26 % of all humeral fractures
[11, Proximal humeral fractures are likely to occur during high-energy trauma or low-

energy trauma, such as falling from a standing height, among patients older than 50 years
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of age. Good reduction and stable fixation are difficult to achieve with severe proximal
humeral comminuted fractures; this difficulty results in negative effects on the normal
rehabilitation of patients and leads to the loss of shoulder function [2. In 1970, Neer
proposed a four-part classification for proximal humeral fractures, and it is the most
commonly used tool for classifying proximal humeral fractures in clinical settings 1.
Most physicians prefer open reduction ﬁld internal fixation for Neer type Il and type IV
fractures with severe comminution. Most internal fixation materials are proximal
humeral locking plates or proximal humeral intramedullary nails [4. According to recent
studies, locking plates are widely used and recommended for the treatment of limb
fractures. Furthermore, for the treatment of proximal humeral fractures, locking plate
fixation is the most widely used technique. However, 30% of reoperations are attributable
to fixation failure, avascular necrosis of the humeral head, and postoperative infections.
These complications are caused by the lack of appropriate medial column structural
support [5 6. Medial calcar comminuted fractures are often accompanied by the loss of
medial support, which is an impoﬁant factor that leads to internal fixation failure.
However, appropriate treatment for comminuted fractures has not been identified 1.

The autogenous fibula is a source of bone grafts for the treatment of bone defects. Its
advantages include easy access, absence of immune rejection, and considerable strength.
However, its disadvantages include the requirement for an additional surgical incision,
postoperative pain in the harvested bone area, and the risks of bleeding, infection, and
nerve injury. Using structural bone grafts comprising autogenous fibula for the treatment
of severe proximal humeral comminuted fractures can re-establish medial support of the
proximal humerus and increase fixation strength [®l. Fibular allograft and artificial
shoulder joint replacement are also effective treatments for proximal humerus
comminuted fractures among elderly individuals [8l. However, these procedures cannot
be performed in all regions. Compared to the aforementioned treatments, the use of the
autologous fibular segment is more convenient and less expensive. We hypothesised that
fibular autograft could increase the fixation strength of severe proximal

humeral comminuted fractures by rebuilding medial support and achieve better
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treatment outcomes. Therefore, we evaluated relevant studies conducted since 2018 to
confirm the efficacy of fibular autograft combined with open reduction and internal
fixation with locking plates for the treatment of proximal humerus comminuted fractures

in elderly individuals.

MATERIALS AND METHODS

Inclusion and exclusion criteria

The inclusion criteria were as follows: severe comminuted fracture of the proximal
humerus accompanied by a comminuted fracture of the medial calcar classified as Neer
type III or type IV; fracture occurred within 3 wks; and age older than 60 years.

The exclusion criteria were as follows: clear surgical contraindications, infection in
the surgical area, or severe medical diseases; shoulder joint disease, such as periarthritis
of the shoulder and rotator cuff injury; and incomplete follow-up data or follow-up time

less than 1 year.

Patient details

This was a retrospective, comparative cohort study. From January 2018 to December
2020, among the patients with proximal humeral fractures who required hospitalisation,
we selected the following based on the inclusion criteria: elderly patients; those with a
Neer type III or type IV fracture; those with osteoporosis and medial
calcar comminution fractures; and those with loss of medial support. These 52 patients
were divided into two groups according to whether fibular autograft was performed. The
treatment group (group 1) was treated with open reduction, locking plate internal
fixation, and fibular autograft. The surgical methods and risks were explained to the
patients. Group 1 comprised 22 patients who underwent fibular autograft with open
reduction and locking plate fixation and complete follow-up. Group 2 comprised 25
patients who were treated with open reduction and locking plate fixation and underwent
complete follow-up. Group 2 was not treated with fibular autograft. Five patients were

lost to follow-up. Of the patients in group 1, 16 had a right proximal humerus fracture, 6
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had a left proximal humerus fracture, 16 were female, 6 were male, 8 had hypertension,
3 had diabetes, and 5 had cerebral infarction. The mean age of the patients was 65.86 years
(standard deviation [SD], +7.00 years). The patients were also classified according to
fracture type. Twelve and 10 patients had Neer type III and type IV fractures,
respectively. The mean height was 163.09 cm (SD, £7.83 cm), and the mean body weight
was 63.55 kg (SD, £10.87 kg). Four patients smoked and four patients consumed alcohol.
Fourteen patients experienced a walking injury, one patient experienced a collision
involving an electric bicycle and tricycle, six patients experienced trauma caused by
cycling, and one patient experienced a collision with an electric bicycle while walking.
The mean hospital stay was 14.14 days (SD, +3.03 days). The average preoperative time
was 5.45 days (SD, +1.60 days). The mean follow-up time was 20.45 mo (SD, £2.46 mo).

Of the patients in group 2, 16 had a right proximal humerus fracture, 9 had a left
proximal humerus fracture, 17 were female, 8 were male, 8 had hypertension, 5 had
diabetes, and 4 had a cerebral infarction. The mean patient age was 64.80 years (SD, +4.66
years). These patients were also classified according to fracture type. Fifteen and 10
patients had Neer type III and type IV fractures, respectively. The mean height was 164.60
cm (SD, £6.83 cm), and the mean body weight was 64.36 kg (SD, £6.93 kg). Six patients
smoked and five patients consumed alcohol. Seventeen patients experienced a walking
injury, one patient experienced a collision involving an electric bicycle and a bicycle, four
patients experienced trauma caused by cycling, and three patients experienced a collision
with an electric bicycle while walking. The mean hospital stay was 14.16 days (SD, +3.00
days). The mean preoperative time was 6.08 days (SD, +1.73 days). The mean follow-up
time was 20.72 mo (SD, +2.23 mo). Significant differences in the sex, age, injury location,
injury type, injury cause, complications, smoking, alcohol consumption, hospitalisation
time, waiting time, and follow-up time of the two groups were not observed (Table
1). Furthermore, there was no statistical difference in the clinical data of the two groups
(P>0.05).

The ethics committee of the author’s affiliation approved this study. All patients

provided signed informed consent before surgery.
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Surgical method

To treat the proximal humerus comminuted fractures in group 1, iodine and alcohol
were used to disinfect the skin of the surgical field and a sterile surgical sheet was
placed after successful general anaesthesia. Before beginning surgery, 1.0 g of tranexamic
acid was administered intravenously. A deltopectoral approach was used along the
injured shoulder, and layer-by-layer dissection of the subcutaneous tissue and fascia was
performed. The cephalic vein was exposed and protected. The muscle space was entered
and the proximal humerus was exposed. The intertubercular groove, which was used as
the reduction landmark, was identified, and the greater and lesser tubercles of the
humerus were discovered. The insertion points of the supraspinatus and teres major of
the greater and lesser tubercles were sutured using the figure-of-8 technique (Vicryl 1-0
suture; Johnson). This suture was reserved for traction reduction. Subsequently, the
fractured ends were cleaned. The fibular segment was inserted in the humeral medullary
cavity, and the humeral head was reduced. Subsequently, the greater and lesser
tuberosities were reset and fixed temporarily with Kirschner wires. The proximal
humerus was fixed with a locking titanium plate (Shandong Weigao proximal humerus
locking plate) under C-arm fluoroscopy if fracture reduction was considered good. The
greater and lesser tuberosities were sutured to strengthen the fixation. The wound was
thoroughly washed to stop the bleeding. Fracture reduction and internal fixation
positions were examined using radiography. After evaluating the gauze instruments and
confirming that reduction and fixation were satisfactory, the wound debris was washed
with sterile saline, bleeding was completely stopped with electrocautery, and the wound
was closed using the layer-by-layer technique.

Before performing fibula removal in group 1, the fibula length was determined
through preoperative measurements of the radiograph. Approximately 7 to 8 cm can
provide sufficient support and can be inserted in the longest length of the medullary
cavity. Hence, the required fibular segment was measured and estimated using

radiography before surgery. After successful general anaesthesia, the airbag tourniquet
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of the ipsilateral lower limb was inflated at 50 kPa. The skin of the surgical field was
disinfected with iodine and alcohol, and a sterile surgical sheet was placed. A
longitudinal incision was made at the middle and upper lateral sides of the ipsilateral
leg, and the skin and subcutaneous fascia were incised. The fibula was exposed along the
extensor flexor muscle space. Additionally, the superficial peroneal nerve was exposed
and protected, and the fibula length was measured with a sterile ruler. A fibular segment
with a length of approximately 7 to 8 cm was located in the proximal fibula and removed
with a swing saw. The periosteum and other soft tissues on the surface of the
fibular segment were cleaned. The tourniquet was slowly loosened. The wound was
washed and bleeding was thoroughly stopped. The wound was sutured using the layer-
by-layer technique (Figure 1). Insertion of a drainage tube in the wound was not
necessary after surgery.

The surgical technique for treating proximal humerus comminuted fractures of
patients in group 2 was identical to that used for group 1; however, fibular autograft was

not performed for group 2.

Postoperative management

Patients were ad ministered antibiotics once per hour before surgery; these antibiotics
were continued for 24 h after surgery. Low-molecular-weight heparin was administered
for 1 wk after surgery. Patients were allowed to leave their beds within1 day of surgery.
Use of the upper limb to lift any weight was not allowed for 8 wk. Passive pendulum
movements were allowed within 6 wk of surgery. Active movement was allowed 6 wk
after surgery. The rehabilitation training time and intensity of the two groups
were adjusted appropriately based on the adaptability of the patients. Patients

underwent routine dressing changes, and the sutures were removed 2 wk after surgery.

Efficacy evaluation
Patients were re-examined at 1, 2, 3, 6, and 12 mo after surgery, and their radiographs

were re-examined regularly. The intraoperative blood loss volume from the shoulder
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wound, mean intraoperative blood loss volume from the leg wound, mean fibular length,
shoulder wound pain score, leg wound pain score, fracture healing time, Constant-
Murley scores of the injured joints at 3, 6, and 12 mo after surgery, Mallet scores of the
injured joints at 3, 6, and 12 mo after surgery, and humeral neck-shaft angle during
surgery and 12 mo after surgery were recorded. Constant-Murley shoulder function
scores of the injured joints at 3, 6, and 12 mo after surgery were recorded ). We used a
visual analogue scale to assess shoulder and leg wound pain on the first postoperative
day 1. The Mallet scores of the shoulder range of motion at 3, 6, and 12 mo after surgery
were recorded [11. The humeral neck-shaft angle 12 mo after surgery was measured and

recorded [191. The Holden walking function scores before and after surgery were recorded

[12].

Bone fracture healing evaluation

There was no tenderness in the fracture and no percussion pain along the
longitudinal axis of the limbs. The affected limb could be raised without discomfort. The
upper limbs could be rotated with appropriate force without abnormal activity.
Radiography showed a fuzzy fracture line and a continuous fracture line passing through
the fracture end. Deformation at the fracture site was not observed during 2 wk of
continuous observation. The injured limb could horizontally lift a weight of 1 kg for 1

minute.

Statistical analysis

SPSS software (20.0) was used to analyse the data. The mean intraoperative blood
loss volume from the shoulder wound, mean operative time (including shoulder surgery
time and autogenous bone grafting time), shoulder wound pain, fracture healing time,
Constant-Murley score of the shoulder joint, Mallet score of the shoulder joint, and
humeral neck-shaft angle during surgery of the two groups were analysed using an

independent sample t-test with a=0.05.
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RESULTS

This study included 47 patients with complete follow-up data. No statistical
difference in the mean intraoperative blood loss volume from the shoulder wound was
observed between groups (Table 2). In group 1, the mean intraoperative blood loss
volume from the leg wound was 37.27 mL (SD, #13.86 mL), and the mean fibula length
was 7.64 cm (SD, +1.53 cm). Group 1 had shorter mean operative times than group 2.
Group 1 had lower shoulder wound pain scores on the first day after surgery than group
2. The leg wound pain score on the first day after surgery was 5.68 points (SD, +0.78
points). Group 1 had shorter fracture healing times than group 2. Group 1 had higher
Constant-Murley scores of the shoulder joint at 3, 6, and 12 mo after surgery than group
2. The preoperative and postoperative Holden walking function was grade V for patients
in both groups. Group 1 had higher Mallet scores of the shoulder joint at 3, 6, and 12 mo
after surgery than group 2. There was no difference in the humeral neck-shaft
angles during surgery of patients in groups 1 and 2. However, group 1had larger
humeral neck-shaft angles at 12 mo after surgery than group 2 (Table 2). The shoulder
and calf wounds healed completely without infection or necrosis. Figures 2 and 3 are

representative patient images.

DISCUSSION

During this retrospective comparative cohort study, we observed better
postoperative shoulder function scores among group 1 patients with complete follow-up
data. The mean operative time for proximal humeral comminuted fractures could be
decreased by using locking plates with fibular autograft because this approach can easily
facilitate fracture reduction. Fibular autograft requires additional operative time;
however, it decreases the proximal humeral fracture reduction time, thus shortening the
overall operative time. The shoulder wound pain scores of group 1 were lower, possibly
because of the mild trauma and shorter operative time. Better postoperative scores were

observed because stronger fixation can be achieved through fibular bone grafting, which
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could be beneficial for rehabilitation and maintaining the reduction position after
surgery. Furthermore, fibular autograft reduces postoperative reduction loss. Removal of
the fibular segment had no significant effect on the walking function. The activity and
function of the shoulder joint greatly improved within 6 mo after surgery. Functional
improvement was not obvious 6 mo after surgery.

The autogenous fibular bone grafting method performed during this study
decreased the surgical difficulty and increased the medial support of the proximal
humerus. Additionally, it increased the fixed strength, allowed for insertion of the fibula
in the medullary cavity, enabled closure of the greater and lesser tuberosities and
humeral head of the fibular segment, simplified surgery, and facilitated fracture healing
and postoperative recovery of function '3-1%, During a biomechanical study, Osterhoff
discovered that intramedullary fibula implantation could increase the fixation strength
of fractures that cannot be easily shifted ['°l. Furthermore, Lei discovered that fibular
autograft combined with Philos titanium plate fixation showed satisfactory short-term
support and maintenance of humeral head reduction for three-part and four-part
proximal humeral fractures in elderly patients, and that it may decrease the complication
rate associated with fixation using the Philos titanium plate alone [19l. Proximal humeral
fractures are more likely to cause the loss of medial support of the humerus and affect
fixation after reduction among elderly patients. The fibular autograft can recreate medial
support and provide humeral head support. The screw is fixed on the fibular segment,
resulting in more secure and reliable fixation ['7l. The fibular segment is in the medullary
cavity, which allows intramedullary fixation that is equivalent to a combination of
intramedullary and extramedullary fixation. Thus, screVﬁontrol is greatly enhanced and
fixation strength is increased; therefore, this approach is suitable for elderly patients with
osteoporosis ['8. Furthermore, it is beneficial to the performance of early rehabilitation
exercises after fracture repair and avoids screw loosening and fracture displacement.

The indications for attempting fibular autograft are as follows: elderly age; Neer type
III  or type IV  fracture;  osteoporosis  accompanied by  medial

calcar comminution fractures; and lack of medial support. Fibular autograft is especially
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suitable for institutions without the resources to perform fibular allograft or artificial
shoulder joint replacement. When removing the fibular segment, a length of 7 to 8 cm
and a good preoperative plan are necessary. Furthermore, it is important to estimate the
width and length of the medullary cavity. Additionally, the surgeon must ensure the
length of the fibular segment because it may not be conducive to fracture reduction if it
is too long or short. The autogenous fibula does not elicit rejection reactions and,
compared with the ilium, it is long and strong. It provides good support for the humeral
head that is equivalent to that of allogeneic fibular segments [. Immune rejection has
not been observed, and the source is convenient. Furthermore, removal of the fibular
segment has no significant effect on walking.

Severe comminuted fractures are often accompanied by many fracture defects and a
lack of medial support, which are important factors that lead to internal fixation failure
[20-22] 'Some patients agree to receive iliac bone grafts, which can promote fracture healing
and fill some spaces; however, the amount of bone associated with such fractures is often
too large, usually because of the lack of medial humeral head support, resulting in
unstable fixation. The removed iliac bone does not fill the defect, and defect support and
the recreation of medial support are difficult. However, a structural fibular bone graft
with a suitable length can only recreate medial support [l Therefore, some ngeons
attempt to implant an allogeneic fibula graft because these segments can provide support
and produce satisfactory effects. However, fibular materials are limited, their cost is
relatively high, immune rejection occurs, and some hospitals cannot perform these
procedures [24l. Compared to the allogeneic fibular segment, the source of the autogenous
fibular segment is more convenient and can be harvested using a simple procedure
without incurring additional or excessive medical expepses. Thus, patients are likely to
consent to receiving autogenous fibular segments 12526, The disadvantage of autogenous
fibular segments is that an additional incision is required, which might increase pain.
Therefore, this surgery is not recommended for young patients. Surgery is mainly
indicated for severe proximal humeral comminuted fractures lacking medial support.

The long-term effects should be studied further because the number of patients in this
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study was small and the follow-up period was short. After outpatient follow-up, we
maintained regular telephone contact with the patients. The longest follow-up period was
3 years. Patients maintained therapeutic effects that were the same of those experienced
during outpatient follow-up, without new symptoms of discomfort.

The cost of surgery comprising locking plates with fibular autograft is slightly more
expensive than that of surgery involving traditional techniques. Furthermore, the pain
experienced early after the use of locking plates with fibular autograft is stronger than
that associated with traditional treatment because of the wound resulting from bone
removal. This pain is an inevitable side effect, however. The use of locking plates with
fibular autograft also has advantages, such as the ability to fill defects, reconstruction of
medial support, increased fixation strength, decreased operative time, reduced surgical
complexity, and earlier ability to function, resulting in better shoulder function recovery.
In our region, fibular allograft materials are scarce and expensive 7], Our description of
this treatment method may have positive implications for proximal humeral fracture

treatment in other regions with situations similar to ours.

CONCLUSION

Autologous fibula can be safely and easily obtained and is effective for bone grafting. It
can recreate medial support, decrease the loss of fracture reduction, facilitate fracture
healing, and improve shoulder function. Furthermore, it does not impair the walking
function. Therefore, it may be an effective treatment for severe proximal humerus

comminuted fractures.

ARTICLE HIGHLIGHTS

Research background

With the intensification of population aging, there are more and more patients with
proximal humeral fractures. Elderly fractures are often accompanied by osteoporosis,
which can easily lead to the loss of medial support and lead to fixation failure. In recent

years, research has shown that fibula resection is one of the methods for treating
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osteoarthritis in the elderly. Removing the fibula does not affect walking function, and
allogeneic fibula material transplantation is a commonly used method to increase the
fixation strength of proximal humeral fractures, However, allograft fibula materials are
scarce and cannot be used in some areas. Autologous fibula transplantation is reliable

and safe.

Research motivation
This study is to observe the therapeutic effect of autologous fibula graft and prove its
effectiveness and safety, so as to improve the basis for autologous fibula graft in the

treatment of proximal humeral fracture.

Research objectives

The purpose of this study is, on the one hand, to prove that autograft fibula
transplantation can increase the fixation strength of humeral fracture, reconstruct the
medial support, and obtain better surgical treatment effect; on the other hand, to prove
that fibula resection has no impact on walking function, and to prove the safety of fibula

bone extraction.

Research methods

This retrospective, comparative cohort study comprised two groups of patients. Group 1
comprised 22 patients and group 2 comprised 25 patients with complete follow-up
data. Group 1 was treated with fibular autograft with open reduction and locking plates
to enable internal fixation. Group 2 was treated with open reduction and locking plates
to enable internal fixation. The intraoperative blood loss volume from the shoulder
wound, operative time, shoulder wound pain, bone fracture healing time, Constant-
Murley score of the shoulder joint, preoperative Holden walking function score, Mallet
score of the shoulder joint, and humeral neck-shaft angle during surgery of the two
groups were compared, and the differences were analysed using an independent sample

t-test.
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Research results

The use of autologous fibular bone grafting simplifies surgery, reduces surgical trauma,
reconstructs the medial support of the humerus, increases fixation reliability, and
achieves better postoperative shoulder joint function without affecting walking function.

It is an effective treatment for comminuted proximal humeral fractures in the elderly.

Research conclusions
Using locking plates with fibular autograft may be an effective treatment option for

severe proximal humerus comminuted fractures.

Research perspectives
Our description of this treatment method may have positive implications for proximal

humeral fracture treatment in other regions with situations similar to ours.
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Figure Legends

Figure 1 A: Cutting of the skin and preparing to remove the fibular segment; B: The
fibular segment is exposed and ready for removal; C: The remaining periosteum in the
fibular segment is cleaned; D: The prepared fibular segment; E: The fibular segment is
placed in the proximal humerus, and the haemostatic forceps point to the fibular segment

implanted in the medullary cavity.

Figure 2 A and B: Anteroposterior and lateral radiographs of the proximal humerus

before surgery (red arrow indicates the displaced humeral head); C and D:
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Anteroposterior and lateral radiographs of the proximal humerus after surgery; E and F:

Anteroposterior radiographs of the tibia and fibula after removal of the fibular segment.

Figure 3 A: Preoperative computed tomography (CT) image of the right proximal
humerus in the horizontal position; B: Preoperative CT image of the right proximal
humerus in the coronal position; C: Preoperative sagittal CT image of the right proximal
humerus in the sagittal position; D: Three-dimensional CT image before reconstruction
of the right proximal humerus; E: Postoperative CT image of the right proximal humerus
in the horizontal position; F: Postoperative CT image of the right proximal humerus in
the coronal position; G: Postoperative CT image of the right proximal humerus in the
sagittal position; H: Three-dimensional CT image after reconstruction of the right

proximal humerus.

Figure 4 A: Forward flexion and abduction of the shoulder joint at 12 mo after surgery;
B: Adduction and internal rotation of the shoulder joint at 12 mo after surgery; C:
Backward extension and external rotation of the shoulder joint at 12 mo after surgery; D:

Backward extension and internal rotation of the shoulder joint at 12 mo after surgery.
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