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Objective: Edelson classification is a 3D classification of proximal humeral fractures, but there is a scarcity of appli-
cation of this classification in large samples, and the accuracy of classification was also not testified. The objective of
this research was to verify whether a revised Edelson classification produces satisfactory agreement for proximal
humeral fracture classification in adult patients.

Methods: A total of 827 proximal humeral fractures (304 male and 520 female patients, 58.0 4+ 16.2 years) were
found retrospectively from January 2014 to December 2019, and classified according to the traditional and newly pro-
posed Edelson classification. The three-dimensional CT images were processed, rotated and visualized within soft-
ware. Five shoulder surgeons classified each fracture. After data collection, radiographic classifications results were
compared by inter- and intraobserver analysis with the method of weighted kappa coefficients. Fracture classification
based on Edelson and revised Edelson classification was presented and compared.

Results: The mean k value for the interobserver reliability was 0.748 (range, 0.583 to 0.958) compared with Edelson
classification (0.548, range, 0.48 to 0.635), indicating satisfactory agreement. The mean k value for intraobserver reli-
ability was 0.906 (range, 0.823 to 0.943) compared with Edelson classification (0.762, range, 0.666 to 0.808), indi-
cating excellent agreement when using the newly revised Edelson classification. The mechanism was categorized as
the shoulder being in a position of forward flexion, abduction, and internal rotation in Edelson I-IV and bicipital frac-
tures. For the greater tuberosity fracture, the mechanism was classified into two mechanisms based on the presence
of a combined dislocation. Bicipital groove fracture is a commonly observed fracture pattern, and included in the
revised Edelson classification.

Conclusions: The revised Edelson classification proposed was more in line with the injury mechanism of the fracture,
was beneficial in identifying more fracture types such as bicipital groove fracture, and verified to be a good proximal
humeral fracture classification with good reliability compared with the traditional Edelson classification.
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Introduction life; it accounts for approximately 4% to 5% of all fractures,
Proximal humeral fracture (PHF) is a common fracture and 33% of it occurs in the elderly.l’2 Numerous classifica-
that has a great effect on patients’ health and quality of | tion systems, including the Neer and AO classifications, have
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been proposed to guide the treatment of proximal humeral
fractures. Among them, Neer’s classification was the most
commonly accepted classification given its simplicity.>*
However, accurate measurements of displaced or angulated
fractures make this system difficult to apply in the clinic.
Sumrein et al. reported that surgeons could identify 2-part
surgical neck fractures from multi-fragmented fractures
based on the Neer classification.”® However, there is a grow-
ing consensus that the Neer classification does not produce
good inter- and intraobserver reliability and has limited
guidance in the establishment of treatment strategy.”® The
arbitrary definition of “displacement,” results to a negative
effect and amplified in complex fracture (3- and 4-part frac-
tures) of which all fractured parts could be identified as dis-
placed according to the NC definition.®

It was difficult to understand the 3D PHF on previous
classifications methods which based on two-dimensional
images (Neer classification). Small or delicate changes in
rotation and positioning can result in considerable disagree-
ment in the interpretation of standard radiographs. There-
fore, a classification system that has better reliability and
reproducibility for fractures is warranted and helpful for
orthopedic surgeons in patient selection. Furthermore, CT
(computed tomography) and 3D CT construction images
with high resolution provide a much clearer view of the pat-
tern of proximal humeral fractures. Edelson proposed a new
three-dimensional classification for fractures of the proximal
humerus. The results concluded that it was useful in classify-
ing these injuries with reasonable inter- and intraobserver
reliability.’

It could be hypothesized that patients with PHF would
benefit from this 3D classification, but there is a scarcity of
application of the Edelson classification in large samples, and
the accuracy of classification was also not testified. Further-
more, it was found that there are still some essential fracture
types cannot be classified based on the Edelson classification.
The objective of this research was to: (i) test whether this
Edelson classification produces satisfactory agreement for
proximal humeral fracture; (ii) try to develop a new revised
Edelson classification system if it did not conclude all main
fracture types; and (iii) to testify the rationality of the newly
revised Edelson classifications.

Materials and Methods

Study Design and Eligibility Criteria

In this single-center retrospective study, the anonymous data
of 1907 patients with unique identifying numbers who
sustained PHF were obtained and evaluated from January
2014 to December 2019. The research was conducted in one
orthopedics center in March 2021. A total of 1907 consecu-
tive adult proximal humeral fracture patients with available
plain X-rays and CT scans were identified and included in
our research. All of these anonymous data were collected
and assessed by the authors over a period of 8 months. Pri-
mary approval was received from the Regional Ethics
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Committee of our hospital (W2021-069-1), and the study
was conducted in accordance with the Declaration of Hel-
sinki. Informed verbal consent was obtained through tele-
phone calls from all patients enrolled in the study (Clinical
trial number NCT04523415).

Inclusion criteria for the study were as follows: (i) clear
record of demographic data; (ii) initial X-ray, and CT imag-
ing data were complete; (iii) three-dimensional construction
with mimics (with CT of B30); and (iv) patients older than
18 years with displaced PHF occurring less than 3 weeks
before allocation and treatment.

The exclusion criteria for the study were as follows: (i)
patients with the presence of neurological disease (syringo-
myelia); (ii) pathological fracture (other than osteoporosis);
and (iii) not a resident in the hospital catchment area.

Interventions

Following study enrollment, 5 trained researchers helped to
obtain patient demographic information, such as age, gender,
and injury mechanism. CT examinations of patients were
scanned in a multislice spiral computed tomography scanner
and then collected, and the exact technique of CT acquisition
was the same at our hospital. The slice thickness was set as
1-2 mm and reconstructed in orthogonal planes. Initial
varus displacement was identified as <130°, and initial valgus
displacement was >130°, and the neck shaft angle of 130°
was identified as normal.'’ The classification of proximal
humeral fractures was determined by CT. Furthermore, two
surgeons helped us to confirm the classification on the basis
of standard CT. Three-dimensional CT images were
processed, rotated and visualized with Radiant software
(Medixant, Poznan, Poland) as reported by Edelson et al’ In
this format, simultaneous 4-quadrant views of the fracture
are displayed so that the injury is observed from the front,
side, back and from above in one composite picture. The 3D
images reconstructed can be rotated freely to measure the
length, width and depth on desired planes.

Data Collection

To describe and verify the fracture population in this
research, five independent and blinded shoulder surgeon spe-
cialists characterized all study fractures from CT and 3D
reconstructions using the Edelson classification.” Edelson I
was described as a two-part fracture that involves the shaft
and proximal humerus. Edelson II included fractures located
at the surgical neck and greater tuberosity. Edelson III
described shield fractures. For IV, it means shield fracture
variants. Edelson V was identified as isolated greater tuberos-
ity (GT) fractures.

The revised Edelson classification was identified as:
Edelson I’ (same as Edelson I), Edelson II' (same as Edelson
II), Edelson III' (shield and shield variant fracture), Edelson
IV’ (bicipital fracture), and Edelson V' (tuberosity fracture).
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Fracture Classification

All radiographs and computed tomographies were classified
by the same five shoulder surgeons in the upper limb. The
identification numbers of all patients were removed before
classification to make sure the independence of each typing
process. Radiographies were first sent digitally to each sur-
geon, approximately 3 weeks after tomographies. Each sur-
geon classified each fracture using Neer and traditional
Edelson classification, and classified it in tables.

Outcome Measures

The characteristics such as patients’ distribution of age and
sex, and injury mechanism of each fracture type in the
Edelson classification was collected and compared. After data
collection, radiographic and tomographic classifications were
compared by inter- and intraobserver analysis with different
classification ~ (Neer, Edelson and revised Edelson
classifications).

Statistical Analysis

The number of the chosen category for each fracture
together with assessment of dislocation was recorded on sep-
arate forms. The inter- and intraobserver reliability was sta-
tistically analyzed by weighted kappa coefficients (SPSS 21,
IBM, Armonk, NY, USA). The coefficient values were classi-
fied as follows: 0-0.19 (unsatisfactory), 0.20-0.39 (low agree-
ment), 0.40-0.59 (moderate agreement), 0.60-0.79
(satisfactory agreement) and 0.80-1.00 (perfect).

Results

Interobserver and Intraobserver Reliability

Of the 1907 patients screened for inclusion, 824 patients
(827 fractures) with complete data were included in the
sample (Fig. 1). The CT of the 827 fractures was evaluated
by five shoulder surgeons. The mean k value for the inter-
observer reliability of the revised Edelson classification
was 0.748 (range, 0.583 to 0.958), indicating satisfactory
agreement. The mean k value for the interobserver reli-
ability of the Edelson classification was 0.548 (range, 0.48
to 0.635), indicating moderate agreement. The mean k
value for the interobserver reliability of the Neer classifica-
tion was 0.332 (range, 0.281 to 0.462), indicating low
agreement.

Regarding intraobserver evaluations, the mean k value
of Neer classification was 0.437, indicating moderate agree-
ment (range, 0.392 to 0.531). There was substantial agree-
ment for the intraobserver reliability of the Edelson
classification (0.762, range, 0.666 to 0.808). However, the
mean k value was 0.906 (range, 0.823 to 0.943), indicating
excellent agreement when using the revised Edelson
classification.

Classification Results
During the study period, 824 patients or 827 proximal frac-
tures met the inclusion criteria. There were 304 male and
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1907 Adults with proximal
humeral fracture assessed for eligibility

544 Excluded
49 Fracture outside predefied fracture zone
228 data without radiographs
267 data without CT

1363 Eligible for classifications

358 Excluded
147 CT data with chest
190 CT with thick thickness
21 CT with B70 or B60

4

1005 Eligible for classifications

181 Excluded

1 CT data with chest
—> 1 Pathological fracture
17 CT with 2mm thick
162 CT with B70 or B60

824 Eligible for
classifications

Man Woman
10-20 3 10-20 5
21-30 26 21-30 22
31-40 65 31-40 30
41-50 64 41-50 30
51-60 60 51-60 88
71-80 19 71-80113
81-90 8 81-90 44
Above 91 0 Above 91 3

Fig. 1 Enrollment and analysis of patients in the retrospective research

520 female patients, and the mean age was 58.0 £ 16.2 years
(range, 18 to 93 years). There was a high proportion of com-
plex fracture configurations with 88.4% including a tuberos-
ity fracture (731 fractures) and 11.4% involving joint
dislocation. Among patients who were allocated to Edelson
classification, 95 fractures were categorized as Edelson I, 294
fracture patients were classified as Edelson II, and only 14
fractures were classified as Edelson IIL In total, 99 fractures
were identified as Edelson IV. Furthermore, 176 fractures
were classified as Edelson V. However, 141 other fractures
could not be classified according to traditional Edelson clas-
sification, but 119 of them can be classified as bicipital
groove fractures by the new revised Edelson classification.

Two-part Fractures (Edelson I)
There were 95 fractures (11.48%) classified as Edelson 1. The
highest risk age group of women was 61-70 years group,
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Fig. 2 The distribution of fracture patients with different ages in each classification. (A) The number of fractures in each age group of Edelson I. (B)
The number of fractures in each age group of Edelson Il patients. (C) The number of fractures in each age group of Edelson Ill patients. (D) The
number of fractures in each age group of Edelson IV patients. (E) The number of fractures in each age group of Edelson V patients. (F) The number of

fractures in each age group of intertubercular sulcus fractures

and the highest risk age group of men was 21-30 years | Three-part Fractures (Edelson II)
group (8 patients) (Fig. 2(A)). Injuries occurred most com- Among 294 fractures, 117 fractures were located in the val-
monly by falling injury (Fig. 3(A)). gus position, and 124 fractures were located in the neutral
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Fig. 3 The distribution of fracture patients with different injury mechanisms in each classification. (A) The number of fractures in each injury
mechanism of Edelson | patients. (B) The number of fractures in each injury mechanism of Edelson Il patients. (C) The number of fractures in each
injury mechanism of Edelson Il patients. (D) The number of fractures in each injury mechanism of Edelson IV patients. (E) The number of fractures in
each injury mechanism of Edelson V patients. F, The number of fractures in each injury mechanism of intertubercular sulcus fracture
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TABLE 1 The position of fracture in each main classification in Edelson classification

Valgus Neutral Varus Dislocation (subluxation)
Edelson | 37 32 24 2
Edelson Il 117 124 30 23
Edelson Ill 3 6 3 2
Edelson IV 31 39 6 23
Bicipital groove 38 53 14 14
Total 226 254 77 64

position. Furthermore, 30 fractures were located in the varus
position, 21 fractures were injured with anterior dislocation,
and two fractures were subluxed (Table 1). The highest risk
age group and that of women was 61-70 years group, and
the highest risk age group of men was 51-60 years group (23
patients) (Fig. 2(B)). Injuries occurred most commonly by
falling injury (Fig. 3(B)).

Shield Fracture (Edelson III)

Only 14 fractures were identified as shield fractures. Three
fractures were located in the valgus position, and six frac-
tures were located in the neutral position. Furthermore, three
fractures were located in the varus position, and two frac-
tures were injured with anterior dislocation (Table 1). The
highest risk age group and that of women was 61-70 years
group, and the highest risk age group of men was 41-
50 years group (23 patients) (Fig. 2(C)). Injuries occurred
most commonly by falling injury (Fig. 3(C)).

Shield Variant Fracture (Edelson IV)

The highest risk age group of women was 61-70 years old
(Fig. 2(D)). Injuries occurred most commonly by falling
injury (Fig. 3(D)). Only six fractures were identified as
Edelson IV-1, which was named a four-part shield fracture.
Seventy-three fractures were classified as Edelson IV-2,
which was identified as shattered shield fracture. Further-
more, only 20 fractures were classified as Edelson IV-3, and
these fractures were termed as head spilt fractures.

Isolated Fractures of the Greater Tuberosity (Edelson V)
Among those GT fractures (Edelson V), the highest risk age
group of women was 61-70 years old, and the highest risk
age group in men was 31-40 years old (30 patients) (Fig. 2
(E)). Injuries occurred most commonly via fall injury (Fig. 3
(E)). For those GT fractures with dislocations, 28 patients
had anterior fracture dislocations, two had subluxation, and
one patient had posterior fracture dislocations.

Proximal Bicipital Groove Fractures (Intertubercular
Sulcus Fracture)

In total, 119 fractures were identified as bicipital groove frac-
tures. The highest risk age group of women were 61-70 years
old, and the highest risk age group of men was 31-40 years
old (10 patients) (Fig. 2(F)). Injuries occurred most com-
monly by falling injury (Fig. 3(F)).

Other infrequent types of fractures

Three fractures were observed with only shield fracture
shapes. The greater tuberosity split along with the bicipital
groove and the lesser tuberosity, but the surgical neck was
intact. Therefore, it was called A shell fracture. Fifteen frac-
tures were found with greater and lesser tuberosity fractures.
Furthermore, 15 fractures combined with lesser tuberosity
were also observed. Only one independent lesser tuberosity
fracture was found. Eight fractures were identified as
humeral shaft spiral fractures combined with greater tuberos-
ity fractures.

Discussion

he research revealed that there were a good inter- and

intra-agreement about the revised Edelson classification
compared with the traditional ones, and it was also found
that the traditional classification did not contain proximal
bicipital groove fracture, which was commonly found in our
research. Furthermore, it was concluded that the main injury
mechanism of Edelson I to IV was the posture of the para-
chute reflex. The GT fractures was mainly caused by
impingement of the greater tuberosity against the acromion.
For dislocated GT fractures, shearing against the glenoid rim
was considered as the main injury mechanism. The research
changed the traditional comprehension about proximal frac-
ture, and made morphology of the fracture more easily being
understood.

The Traditional Edelson Classification System Does Not
include Bicipital Groove Fracture, So a New Revised
Edelson Classification was Proposed

The bicipital groove was reported to be the strongest
region in the proximal humerus.” This area is a con-
straining closed space tunnel on which the transverse
humeral ligament overlies.'' Furthermore, there is an
important blood vessel named the anterior circumflex that
supplies to the head in the region of the proximal bicipital
groove. It is always used as an anatomical landmark to
restore humeral head retroversion when conducting proxi-
mal humeral fracture arthroplasty. Theopold et al. also uti-
lized the bicipital groove as an anatomic landmark and re-
established the shoulder function with a plate inserted in
the groove after complex proximal humerus fractures.'”
Different from previous research, there are many patients
diagnosed as bicipital groove fracture in our research. The
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morphology and reduction of the bicipital groove fracture
was a potential factor affecting the stability of the biceps
tendon and functional outcomes of proximal fracture. Tay-
lor conducted anatomical and histological research on
bicipital tunnels and separated them into three zones. The
distal margin of the subscapularis tendon (Zones 1 and 2)
and proximal margin of the pectoralis major tendon
(Zones 2 and 3) were anatomical landmarks for these three
zones.'” The lesser tuberosity was the ending point of the
subscapularis tendon, so the bicipital groove fracture above
the distal end of the lesser tuberosity was Zone I (tradi-
tional bony bicipital groove). The bicipital groove fracture
in our research was identified as the fracture located in
Zone I. There were many proximal (Zone I) groove bicipi-
tal fractures, and most of the groove fracture injury (101)
occurred along with surgical neck fracture, combine with
greater or lesser tuberosity. Therefore, it can be concluded
that the bicipital groove fracture was a common fracture
type, and the main injury mechanism was high energy
traumatic accident (Figs 4-6).

NEW REVISED EDELSON CLASSIFICATION

Testify the Rationality of the Newly Revised Edelson
Classifications based on Injury Mechanism of Each Main
Type of Fracture

Despite PHF is commonly observed in clinic, little is under-
stood about the main underlying injury mechanism and frac-
ture morphology which is essential to propose a new fracture
classification. Currently, the most commonly observed injury
mechanism of PHF is a direct impact onto the adducted
shoulder in neutral rotation (side impact simulation) and a
fall onto an outstretched hand (named as parachute reflex,
means the shoulder is in a position of forward flexion,
abduction, and internal rotation).”'>'* To justify the new
revised Edelson classification, a comprehensive analysis of
injury mechanism and fracture morphology in each subtype
was conducted. For traditional Edelson I, II, III, and IV and
bicipital groove fractures, the main injury mechanism was
the parachute reflex. Among them, Valgus and neutral posi-
tions were mostly observed. Edelson III should not be cate-
gorized as one individual classification due to its small
number of fractures, and should be identified as a

Fig. 4 Shield fracture that presented with different patterns. (A) Fracture patient illustrated with a small segment of the greater tuberosity to the

whole lesser tuberosity (B) The rotated 3D reconstruction illustrated the fracture pattern clearly with same patients in (A). (C) A fracture patient
illustrated with a big segment of the greater tuberosity to the part of the lesser tuberosity. (D) The rotated 3D reconstruction illustrated the fracture
pattern clearly with the same patients in (C). GT, greater tuberosity; LT, lesser tuberosity; B, bicipital groove
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N

Group 1

Group 2

Fig. 5 The presentation of different fractures in two groups. (A) Edelson | (surgical neck fracture); (B) Edelson Il (surgical neck fracture and LT
fracture); (C) Edelson Ill (Shield fracture); (D) Edelson IV (Shield variant fracture); (E) Bicipital groove fracture; (F) Edelson V (LT fracture); (G) Double
tuberosity fracture; (H) Shell fracture

Fig. 6 Examples of different fractures. Bicipital groove fracture was the final pattern of proximal humeral fracture in two groups. (A) Edelson |
(surgical neck fracture); (B) Edelson Il (surgical neck fracture and LT fracture); (C) Edelson Ill (Shield fracture); (D) Edelson IV (Shield variant fracture);
(E) Bicipital groove fracture; (F) Edelson V (LT fracture); (G) Double tuberosity fracture; (H) Shell fracture

Fig. 7 Fracture morphology with
valgus or neutral position. (A) Valgus
fracture classified as Edelson Il
illustrated a superior displaced or
dissociative fracture fragment located
upon the lateral part of the surgical
neck fracture line. (B) A neutral
fracture illustrated a fracture
fragment located upon the lateral
part of the surgical neck fracture

transitional fracture that belongs to Edelson IV. Therefore, | posture when the accident occurred in those fractures. The
the shoulder being in a position of forward flexion, abduc- | “parachute reflex” was then can be recognized as the main
tion, and internal rotation (parachute reflex) was the main | injury mechanism of those fractures, and the strong glenoid
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cavity bone of the proximal humeral joint acts as an anvil.
With the upward force on distal humerus originated from
force conduction, and the force originated from the upper
part of the glenoid which counteract the upward force con-
ducting along the humeral shaft, two forces were then dissi-
pated through weaker areas of thin cortical bone. In simple
terms, when the arm was internally rotated with an abducted
position, the humeral head was supported by the glenoid.
The humeral was then broken at the relatively weaker point
(PHF). This also explains why most fractures in these frac-
tures were found with abducted and neutral positions. It
should be noted that patients with a neutral position were
also classified into this mechanism because the fracture mor-
phology was similar to the valgus morphology, which was
characterized with the existence of dissociative or half-free
fragments surrounding the greater tuberosity (Fig.7). On the
contrary, the varus fractures were characterized by depres-
sion fractures located surrounding the lesser tuberosity, and
only 64 fractures were identified as varus fractures (Fig. 8).
For the isolated GT fracture, the main mechanism was
impingement of the greater tuberosity against the acromion
(verified by decompression on GT). Avulsion and split GT
fractures were observed in 59 and 64 shoulders, respectively.
However, the type of GT does not truly reflect the mecha-
nism of injury, the existence of potential concomitant frac-
ture was also act as a prompt. For example, it was noticed
that many GT fractures were found with depressed frag-
ments on the superior of the GT, especially in none or infe-
rior displacement fractures. Nine fractures with superior
displacement were also found with obvious depressed frac-
tures. The depressed fracture always means a direct contact
between GT and other most adjacent bone structure. There-
fore, it was concluded that in isolated greater tuberosity frac-
tures, especially with no or inferior displacement,
impingement of the greater tuberosity against the acromion
was the main injury mechanism. Mutch et al. divided GT

Fig. 8 Fracture morphology with varus position. A varus fracture
illustrated a superior displaced or partly overturned fracture fragment
located upon the medial part of the surgical neck fracture line

NEW REVISED EDELSON CLASSIFICATION

fractures into three types: avulsion, split, and depression,"
but careful examination especially to the 3D reconstruction
was needed to identify the true mechanism of proximal
humeral injuries. For the dislocated GT fracture, shearing
against the inferior glenoid rim was the main injury mecha-
nism. The incidence of shoulder dislocation with GT fracture
was 17.5% in our research. According to the results, in
shoulder dislocations along with GT fractures patients, it
appears that split but not avulsion was the leading mecha-
nism of injury. Furthermore, no displacement or inferior dis-
placement of the greater tuberosity was detected and
accounted for 93.5% (29) of cases. One was displaced with a
position of supination, and one was displaced with a position
of pronation. Therefore, shearing against the glenoid rim
seems to be a more convincing mechanism as a cause of
greater tuberosity fractures.

Along those mentioned injury mechanism analysis, the
relative connecting fracture types between five main types
were also found such as double tuberosity fracture, shell frac-
ture, and shield fracture. Finally, these two groups connected
with each other tightly and ultimately result in bicipital frac-
tures, which represent the most serious type of proximal
humeral fracture caused by serious violent trauma. The
injury mechanism and morphology of proximal humeral
fracture became explicit in each group, and the connection
between each fracture type was more closed. Based on above
analysis, the new revised Edelson classification was proposed
and it was helpful to guide the surgeon to establish the frac-
ture reduction strategy efficiently compared with the tradi-
tional Edelson classifications.

Limitations

The strength of the research was that injury mechanisms for
different fracture types are rationalized along with a larger
sample size, so it was more convincing to propose a new
classification. Weaknesses of the study include the retrospec-
tive design; however, the injury mechanism and other infor-
mation were reliable due to collection from the initial
documentation. The main mechanism was discussed, but for
the infrequently occurring fractures, their injury mechanism
was not analyzed due to their relatively small numbers. How-
ever, the revised classification was still helpful to guide the
treatment of proximal humeral fractures. It is believed that
the revised classification has its own merits based on the
injury mechanism and fracture morphology, and following
up to those patients such as rehabilitation function, revision
rate, complication and the new guidelines about fractures
treatment strategy would be proposed in our further
research.

ConclusionsIn conclusion, the bicipital groove fracture
which has been ignored in previous research is proved to be
a commonly observed fracture pattern, and included in the
revised Edelson classification. The revised Edelson classifica-
tion proposed based on injury mechanism was verified to be
a good proximal humeral fracture classification with good
reliability compared with traditional Edelson classification.
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