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SUMMARY
OBJECTIVE: To compare the effect of two internal fixation methods in the treatment of proximal clavicle fractures.

METHODS: Fifty patients with proximal clavicle fractures received surgical treatment. They were divided into a clavicular T-plate group
and a double mini-plates group. The duration of the operation, blood loss during the operation, fracture healing time, and incision
infection were evaluated between the two groups.

RESULTS: Operation time (t=2.063, P=0.058), intraoperative bleeding (t=1.979, P=0.062), and fracture healing time (t=1.082, P=0.066)
were not statistically significant in the two groups. The patients were followed up for 12-18 months; one patient in the T-plate group
had early removal of nails, but no clinical symptoms. At the 2-month follow-up, the ASES score in the double mini-plates group was
significantly better than in the T-plate group (P<0.001); but at the 6-month follow-up, T-week before removal of internal fixation and
the final follow-up, the two groups had no significant differences (P>0.05).

CONCLUSIONS: Both internal fixations have similar clinical results in the duration of operation, blood loss during the operation, and
fracture healing time. The double mini-plates fixation presents advantages by reducing complications and speeding fracture healing;
thus it is @ more effective method to treat proximal clavicle fractures.
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INTRODUCTION

Proximal clavicle fractures represent one-third of
all fractures involving the medial clavicle, accounting
for 9.3% of the clavicle fractures. They are relatively
rare in clinical practice, and more common in cases
of larger direct violence. Non-surgical treatment may
lead to deformed appearance, limited function, and
other adverse consequences; thus the treatment effect
is often not ideal. In recent years, scholars have car-
ried out surgery for the treatment of proximal clavicle

fracture®, but considering the complex characteristics
of anatomical structures such as important nerves,
blood vessels, organs, and so on in the dorsal side of
the proximal clavicle, and no anatomical plate has
been designed for the proximal clavicle. At present,
there is no optimal internal fixation option for such
fractures.From July 2014 to June 2019, fifty patients
with proximal clavicle fractures treated by vertical
internal fixation with T-plate and double mini plates
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were analyzed retrospectively in this study. By com-
paring the operation time, intraoperative hemorrhage,
fracture healing time, and postoperative complications
between the two groups, the differences in the func-
tional recovery of the shoulder joint in different stages
were analyzed. The report is as follows.

METHODS
Subjects

A total of 50 cases, 32 males and 18 females, aged
from 22 to 62 (41.4 + 23.5) years, were included in this
study. According to the method of internal fixation,
they were divided into a T-plate group (24 cases) and
a double mini plates group (26 cases).

Clinical signs
Swelling of the proximal clavicle, obvious tender-
ness, palpable bone friction, and abnormal activity.

Imaging examination

CT three-dimensional reconstruction of imaging
examination can provide the three-dimensional rela-
tionship between the proximal clavicle fracture and
the displaced three-dimensional plane. Routine CT
three-dimensional reconstruction examination before
the operation can be the first choice for the diagnosis
of proximal clavicle fracture and helps us prepare well
before the operation and choose a more reasonable
operation method?.

Operative method

The anesthesia approach for the operation is bra-
chial plexus anesthesia or general anesthesia, and a
beach chair position is used. The operation incision
cuts the skin and subcutaneous tissues along the sur-
face of the proximal clavicle to the end of the ster-
num, exposing the sternoclavicular joint, peeling off
the periosteum above the fracture site, fully exposing
the broken end of the fracture, cleaning up the embed-
ded soft tissue at the broken end, exposing the broken
end of the medial clavicle fracture, and reducing the
sternoclavicular joint under direct vision; if necessary,
it can be bound with absorbable non-invasive suture
or Kirschner wire Temporary fixing. T-shaped plate
group: after the fracture is reduced satisfactorily, the
T-shaped plate is molded and placed at the far and near
end of the fracture. 2-3 screws are attached to the near
end of the fracture, and 3-4 screws are attached to the
far end of the fracture for fixation. The screws should

not enter the space of the sternoclavicular joint. In
the double mini plates group, two pre-bent 2.0mm
or 2.5mm mini plates were implanted above and in
front of the clavicle after a satisfactory reduction of
the fracture.

Postoperative treatment

The patients in the two groups had their shoul-
der joints suspended by a wrist band. One day after
the operation, functional exercises such as forearm
rotation, elbow flexion and extension, pendulum-like
activities were performed; one week after the opera-
tion, patients were encouraged to perform functional
exercises such as upper limb abduction and shoulder
shrug; four weeks after the operation, appropriate
lifting activities were performed and the range of
activities was gradually increased; six weeks after
the operation, normal shoulder non-weight bearing
activities were resumed.

Evaluation index

The operative time, intraoperative hemorrhage,
fracture healing time, and postoperative complications
of the two groups were analyzed. The differences in
shoulder pain and functional recovery were evalu-
ated by the American Shoulder and Elbow Surgeons
(ASES)® Standard at 2 months, 6 months, and 1 week
before internal fixation removal and the last follow-up.

Statistical analysis

SPSS 19.0 software was used for statistical anal-
ysis. The measured data were expressed by meanz-
standard deviation, and the mean index determined
between the two groups was compared by students
t-test; the comparison of the data was by the chi-
square test, and P < 0.05 was considered as statisti-
cally significant.

RESULTS

The general characteristics of patients included in
this study are summarized in Table 1. The causes of
injury were: direct violence in 38 cases, indirect vio-
lence in 12 cases. The Craig Il group of fractures were:
21 cases of type 11, 12 cases of type 111, and 17 cases of
type V. The time from injury to operation was 2-7 days.
According to the method of internal fixation, patients
were divided into a T-plate group (24 cases) and a dou-
ble mini plate group (26 cases). There was no signifi-
cant difference between the two groups (P > 0.05).
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Follow-up

Fifty patients in both groups were followed up for
12 to 18 months. All achieved bone healing.

Observation index

Table 2 shows the operation time, intraoperative
blood loss, fracture healing time, and ASES score
of each period of the two groups. Bone healing was
achieved at the last follow-up.

Postoperative complications

There were no complications such as wound infec-
tion, fracture around the steel plate, and fracture of
steel plate in both groups. In the T-plate group, 1 case
(1/24) had screw loosening but no clinical symptoms;
in the double mini plate group, there were no com-
plications; there was a significant difference in the
incidence of complications between the two groups
(P < 0.05).

Typical cases

Case one, male, 39 years old, was treated with
T-plate fixation for a closed fracture of the left dis-
tal clavicle (Craig III group III). CT before operation
showed a clavicle fracture and displacement (Fig-
urelA). X-ray at 6 months after the operation showed
fracture reduction and good internal fixation (Fig-
urelB). Case two, male, 32 years old, was treated with
two mini plates to fix a closed fracture of the left distal
clavicle (Craig I1I group V). CT before operation showed
a clavicle fracture and displacement (Figure1C). X-ray

at 6 months after the operation showed fracture reduc-
tion and good internal fixation (Figure1D). Case three,
male, 45 years old, was treated with two mini plates to
fix a closed fracture of the left distal clavicle (Craig I11
group II). Before the operation, CT showed a fracture
and displacement of the clavicle (FigurelE). X-ray at 6
months after the operation showed fracture reduction
and good internal fixation (Figure1F).

DISCUSSION

Our study found that the functional recovery of
the double mini plate group was significantly better
than that of the T-plate group. In the double mini plate
group, not only the fixation of at least 3 screws is done
at the distal and proximal ends of the fracture, but also
the smaller size of the mini plates avoids the poten-
tial risk of skin bursting, which creates conditions for
early rehabilitation exercises and recovery of shoulder
joint function after the operation. In this study, there
were no complications in the double mini plate group,
indicating that the failure rate of the internal fixation
and reduced loss rate were significantly smaller.

In view of the anatomic structure of the subcla-
vian artery, subclavian vein, external jugular vein, 4-8
nerves and 1-2 nerves in the chest, conservative treat-
ment is generally adopted for proximal clavicle frac-
tures, but the traditional “8” bandage or sling leads
to shoulder dysfunction in the long-term conservative
treatment of proximal clavicle fractures. Even if func-
tional exercise is encouraged, there will be a certain

TABLE 1. GENERAL CHARACTERISTICS OF PATIENTS INCLUDED IN THIS STUDY

Gender Craig Il Causes of injury
Group n Age(years) - —
Male Female Il 1 \Y direct indirect
T-plate 24 18 6 442261 10 6 8 18 6
double mini plate 26 19 7 43.7£33.9 1 6 9 20 6
t/y? 2.647 2.086 1.064 1.826
p 0.586 0.692 0.248 0.326
TABLE 2. COMPARISON OF THE OBSERVATION INDEX BETWEEN THE TWO GROUPS
T-plate group Double mini plate group t/@ P
Operation time (min) 421+114 432 +121 2.063 0.058
Intraoperative blood loss (ml) 226+11.8 231+£106 1.979 0.062
Fracture healing time (month) 53+12 51+16 1.082 0.066
Time A 68.0+21 76.5+6.4 2.686 0.027
Score of ASES Time B 84.3+34 88.4+59 1.086 0.214
Time C 90.1£2.6 91.2+26 1.045 0.268
Time D 90.2+2.7 91.3+24 1.026 0.296

Note: Time A: Two months after operation; Time B: Six months after operation; Time C: One week before removal of internal fixation; Time D: Last follow —up.
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degree of fracture healing®. Throckmorton et al.®
followed up the conservative treatment of proximal
clavicle fractures, and about 53% of the patients had
pain symptoms. Therefore, conservative treatment
has been gradually replaced by surgical treatment.
More and more scholars believe that open reduction
and internal fixation is the better choice for the treat-
ment of proximal clavicle fractures. Because there is
no specially designed steel plate for the special ana-
tomic characteristics of the proximal clavicle, there
are little methods to fix fractures of the proximal
clavicle. Bourghli and Fabre® reported that Kirschner
wire was used to fix the proximal clavicle fracture,
and good surgical results were achieved. Bartonicek
et al.” reported that the proximal clavicle fracture
was fixed with steel wire, and no dysfunction was
left after the operation. Sidhu et al.® reported that
patients with such fractures were fixed with distal
clavicular plates on the same side, and the results
showed that the fractures were completely healed.
Although the extensive use of internal fixation has
effectively improved the healing rate of the proximal
clavicle fracture and functional recovery of patients,
there is still no small controversy on the selection of
the method for internal fixation®.

Although the steel plate and screws of the micro
steel plate system are small, they can be fixed using
multiple 2.0mm or 2.5mm screws in different direc-
tions to make the stability control more reliable.
Double mini steel plates were placed vertically on
two 90 ° planes to form a beam structure, which also
increased the fixation firmness of the diamond frame
structure near the clavicle®. After anatomic reduction
of the proximal clavicle fracture, two micro plates
were placed vertically at the top and the front, and
the distal and proximal clavicle fractures could be
fixed with at least three screws. There is no inter-
ference and no involvement of the sternoclavicular
joint, so patients can exercise shoulder joint function
early after the operation. Stable fixation also provided
favorable conditions for early functional exercise. The
ASES score was better than that of the T-plate group
at the 2 months follow-up. In this study, there were
no complications such as screw loosening, fracture
around the plate, and nonunion in the double mini
plate group. Therefore, the author believes the fol-
lowing points should be paid attention to in the treat-
ment of proximal clavicular fracture with double mini
plate technology: (1) operate gently during reduction
to avoid further comminution of fracture in patients

FIGURE1

with osteoporosis; (2) in order to prevent the loss of
clavicle length and rotation deformity, realize an ana-
tomical reduction of fracture in the sternoclavicular
joint. At the same time, avoid too much incision and
separation to affect the stability of the sternoclavicu-
lar joint; (3) pre-bend the mini steel plate properly to
make it more attached to the clavicle; (4) screw at least
three screws into the proximal end of the fracture for
fixation; (5) pay attention to the angle when screwing
in to prevent the screw from entering the sternocla-
vicular joint space.

CONCLUSION

Both internal fixation methods have similar clinical
results in the duration of operation, blood loss during
the operation, and fracture healing time. The double
mini-plates fixation provides advantages regarding a
reduction of complications and faster fracture heal-
ing; therefore, this is a more effective method to treat
proximal clavicle fractures.
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RESUMO
OBJETIVO: Comparar o efeito de dois métodos de fixagdo interna no tratamento de fraturas da clavicula proximal.

METODOS: Cinquenta pacientes com fraturas da clavicula proximal receberam tratamento cirtirgico. Eles foram divididos em um grupo
de placa T clavicular e um grupo de miniplacas duplas. A duragdo da operagdo, perda de sangue durante a operagdo, tempo de cura
da fratura e infec¢do na incisdo foram avaliados nos dois grupos.

RESULTADOS: O tempo de operagdo (t=2,063, P=0,058), perda de sanque durante a operagdo (t=1,979, P=0,062) e tempo de cura das
fraturas (t=1,082, P=0,066) ndo foram estatisticamente significativos nos dois grupos. Os pacientes foram acompanhados por 12-18
meses; um dos pacientes do grupo da placa T teve retirada antecipada dos parafusos, mas ndo apresentou sintomas clinicos. Aos dois
meses de acompanhamento, a pontuagdo ASES no grupo de miniplacas duplas foi significativamente melhor do que a do grupo de
placas T (P<0,001). Porém, no acompanhamento de seis meses, uma semana antes da remogdo da fixacdo interna e do acompanha-
mento final, os dois grupos ndo apresentavem diferengas significativas (P>0,05).

CONCLUSAO: Ambas técnicas de fixagdo interna tém resultados clinicos semelhantes quanto a duragdo da operagdo, perda de sangue
durante a operagdo e tempo de cura da fratura. A fixagdo de miniplacas duplas apresenta vantagens quanto a redugdo das complicagées
e cura mais rdpida da fratura, sendo, portanto, um método mais eficaz para tratar fraturas da clavicula proximal.

PALAVRAS-CHAVE: Clavicula/lesées. Fixagdo de fratura. Fixagdo interna de fraturas. Procedimentos ortopédicos/métodos.
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