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Abstract

humerus.

compare Constant scores.

reduction in selected patients.

Background: Most proximal humerus fractures (4-5% of all systemic fractures) can be treated without surgery through early
mobilization. However, the management of displaced fractures remains a subject of debate.
Objectives: To evaluate the outcomes of closed reduction and percutaneous pinning for two-part surgical neck fractures of the proximal

Methods: This was a retrospective analysis of 19 patients (8 men and 11 women with a mean age of 21.9 years) undergoing treatment in
the Third Hospital of Hebei Medical University from January 2017 to December 2018 for surgical neck fractures of the proximal humerus.
In 7 cases, the tails of Kirschner wires were linked with bone cement to prevent withdrawal after closed reduction and percutaneous
pinning. The tails were attached to the unilateral external fixation in the other 12 patients to promote stability. A paired t-test was used to

Results: The mean Constant score after operation was 82.4 at 3 months, 93.4 at 6 months, and 93.7 at 1 year. The score improved
significantly from 3 to 6 months in both the bone cement and external fixation groups (P<0.05). The rate of K-wire loosening was lower
with external fixation versus bone cement (8.3% vs 57.1%, P=0.038).

Conclusion: The closed reduction and percutaneous pinning method showed good outcomes for two-part surgical neck fractures.
External fixation provides better stability compared to cement fixation alone. This minimally invasive approach is an alternative to open

Keywords: Bone fractures, Closed fracture reduction, Fracture fixation, Humeral fractures

1. Background

Proximal humerus fractures account for
approximately 4-5% of all systemic fractures (1, 2).
The majority of these fractures (49-85%) have low
or no displacement and can be effectively treated
non-operatively with early mobilization (3, 4).
However, the treatment of displaced proximal
humeral fractures (displaced beyond 45 degrees of
angulation or by >1 cm of displacement) is highly
contestable (5).

Non-operative treatment has historically been the
standard of care for minimally displaced fractures.
However, surgical treatment is often taken into
account for displaced fractures to restore anatomy
and allow early rehabilitation. Operative options
include open reduction and internal fixation as well
as hemiarthroplasty. While these techniques reliably
restore anatomy, they are also associated with
extensive dissection and disruption of the soft tissue
envelope around the humerus, which can lead to
complications (6, 7).

More recently, interest has grown in performing
closed reduction and percutaneous fixation
technique as it is less invasive while still achieving
anatomic reduction and stable fixation (8). Multiple

fixation methods have been described, including
Kirschner wires, intramedullary nails, and locking
plates (9, 10). Specifically, closed reduction and
percutaneous pinning offer reliable fixation with
minimal dissection (6, 11).

Neviaser described closed reduction and
percutaneous fixation for the treatment of proximal
humeral epiphyseal fractures in children (12).
Several researchers have used this approach to treat
adult proximal humeral fractures (13). This approach
not only preserves the soft tissues and reduces
wounds but also allows for early mobilization toward
the restoration of the shoulder joint function as soon
as feasible (14). Both open reduction and internal
fixation procedures necessitate substantial incisions
in the soft tissue, which pose a risk of compromising
the blood supply to the bone fragment. Another
therapeutic option is the implantation of locking
intramuscular nails, which can be performed using a
microsurgical method, although the rotator cuff can
be compromised (15, 16).

2. Objectives

To the best of our knowledge, limited studies have
been dedicated to evaluating the outcomes of closed
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reduction and percutaneous pinning for two-part
surgical neck fractures of the proximal humerus. The
purpose of this study was to examine the
radiographic outcomes, functional outcomes, and
complication rates after the surgical treatment of
these fractures with closed reduction and
percutaneous pinning. We aimed to provide evidence
to support closed reduction and percutaneous
pinning as an effective treatment option for this
subset of proximal humerus fractures that achieves
stable fixation while avoiding more invasive
procedures.

3. Methods

3.1. Study design and setting

The participants were selected through the
convenience sampling method. This interventional
retrospective study was conducted between January
2017 and December 2018 at the third hospital of
Hebei Medical University on 19 patients who
received closed reduction and percutaneous fixation
for two-part surgery on proximal humerus neck
fractures.

The eligible patients were those with displaced two-
part surgical neck fractures with a follow-up of > 1
year, whereas the exclusion criteria were pathological
fractures, osteoporosis, cardiopulmonary disorders,
and cerebral disorders that impaired treatment and
prognosis.

3.2. Surgical Methods

The patients were subjected to the operation
while they were sitting on a beach chair, with the
injured sidearm free to move. The anteroposterior
and axillary views of the upper end of the humerus

were easily acquired with the C-arm image intensifier
situated cranially. The initial step was to implant 1 or
2 smooth Kirschner wires (2.0-mm) into the humeral
head under fluoroscopy to regulate rotation.
Secondly, the traction of the injured limb or Schanze
was fastened at the fracture's distal end. The
Kirschner wires inserted in the humeral head were
utilized as a joystick to regulate rotation and aid in
fracture reduction. If the conventional closed
reduction strategy failed to achieve a sufficient
reduction, the forceps were utilized to assist fracture
reduction through a minor percutaneous incision to
pry (Figure 1. B-C). Two or three 2.5-mm Kirschner
wires were put into the humeral head from the
fracture's distal lateral cortex (anterograde needles),
after which two 2.5-mm Kirschner wires were
reinserted (retrograde needles) to promote stability
when an acceptable reduction was attained under
fluoroscopy. We termed this step as “cross-fixed”. We
mostly employed two procedures to anchor the
Kirschner wires after fracture fixation. To avoid
withdrawal, the tails of Kirschner needles were
linked with bone cement in seven patients (Figure 2.
D-H). Later, some enhancements were made to the
same patients. In the remaining 12 patients, bone
cement was used to link the Kirschner wire to the
external fixator, which increased the stability of the
fixation (Figure 1. E-G). Following fixation,
fluoroscopy was employed to ensure that the
Kirschner wires had not entered the joint, and
shoulder mobility was assessed to ensure fixation
stability. Following surgery, the afflicted upper limb
was immobilized in a sling. Pendulum motion,
passive motion, and active movement of the shoulder
joint occurred shortly after the procedure.

Figure 1. Follow-up of the patient with Kirschner wire combined with a unilateral external fixator

Figure 1 displays a fracture of the proximal
humerus caused by a fall in a 14-year-old female
(Figure 1. A). There was difficulty in reduction during
the operation, the forceps were inserted into the

fracture end through a small incision to pry to assist
the reduction (Figure 1. B). The Kirschner wires were
connected to the external fixator to increase the
stability of the fixation (Figure 1. C-E). At a mean
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Figure 3. The Kirschner wire and bone cement replacement with an external fixator after their failure

follow-up of 8 weeks, when the signs of healing were
observed on the radiographs, the K-wires were
removed (Figure 1. F). The general appearance of the
patient is illustrated in Figure 1. G. At the 15-month
follow-up, the shoulder joint function was in good
condition (Figure 1. H-]).

After the procedure, the X-ray of the shoulder
joint was re-examined until the fracture was mended.

Figure 2 shows a fracture of the proximal end of
the right humerus caused by a traffic accident in a 46-
year-old male (Figure 2. A-C). After closed reduction
and percutaneous pinning, the tails of Kirschner
wires were connected with bone cement to prevent
withdrawal, and the postoperative X-ray results
demonstrated good reduction (Figure 2. D). During
the follow-up (2 weeks after the operation), it was
found that the Kirschner wire withdrew a little along
the humeral head direction; however, the reduction
was not lost, and no special treatment was given
(Figure 2. E). The external fixator was removed after
9 weeks postoperatively when the patient visited the
outpatient clinic for follow-up (Figure 2. F-H). The
abduction function of the affected shoulder was
weaker than that of the healthy side when the
external fixator was removed (Figure 2. 1), At 14
months follow-up, the functions of both shoulder
joints were the same (Figure 2.]).

Figure 3 illustrates a fracture of the proximal
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humerus due to a fall in a 23-year-old male (Figure 3.
A, B). The Kirschner wires were fixed with bone
cement; nonetheless, the reduction was lost during
the final stability test of the shoulder joint (Figure 3.
C). After reduction, Kirschner wires were combined
with a unilateral external fixator to fix it (Figure 3. D),
and the curative effect was satisfactory (Figure 3. E).

The quality of fracture reduction was assessed
using Neer classification (17). Reduction satisfaction
was defined as a displacement of < 5.0 mm and an
angle of < 20°. Constant-Murley scores (CMSs) were
used to evaluate the shoulder joint function.

The CMS is a questionnaire employed to assess
disabilities associated with shoulder injuries (18) and
is the most widely used scale for the evaluation of
various shoulder disorders (19). It consists of four
components: pain (with a maximum score of 15
points), activities of daily living (with a maximum
score of 20 points), range of motion (with a maximum
score of 40 points), and strength (with a maximum
score of 25 points). A higher total score corresponds
to better functional quality, ranging from a minimum
of 0 to a maximum of 100 (20).

3.3. Statistical analysis

Statistical analyses were conducted using SPSS,
version 23.0 (SPSS, Inc., Chicago, IL, USA). The K-wire
loosening rate, pin infection rate, and other count
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data were expressed as percentages (%) and were
analyzed by the Chi-square test. Constant scores at 3
months, 6 months, and 1 year were analyzed by
paired samples t-test. A p-value of < 0.05 was
considered statistically significant.

3.4. Ethical considerations

This study was approved by the Institutional
Review Board at the Third Hospital of Hebei Medical
University. Written informed consent was obtained
from all participants. Patient data was anonymized
and de-identified prior to analysis. This study was
conducted in accordance with the Declaration of

Helsinki.

4. Results

There was a total of 19 individuals with proximal

These included 6 cases on the left side and 13 cases
on the right side, with a mean age of 21.9 years
(range: 14-46 years). The mean number of days
between injury and surgery was 3.9 (range: 3-9
days). A fall was the mechanism cause of injury in 16
cases, with one instance of shoulder dislocation.
There were 3 cases of traffic collision injuries, one of
which was exacerbated by a brachial plexus injury.
According to the Neer classification system of
proximal humeral fractures, all of the patients had
two-part surgical neck fractures with > 1 cm
separation or 45° angulation. In 19 patients, we
employed different fixation patterns and constantly
optimized the fixing procedure following closure
reduction and percutaneous pinning. In 7 patients,
we applied bone cement to mend their needle ends,
while we used Kirschner wire coupled with a
unilateral external fixator in 12 patients. The general

humeral fractures, comprising 8 men and 11 women. data of the cases are tabulated in Table 1.
Table 1. Clinical details and functional results
Age Radiolo Constan
g . Mode of Interval to Method of Reduction  Follow . tscore -
(years)/gen Side . . . o . gical Complication
injury intervention fixation quality -up X (3m/6
der union
m/1y)
20/F R Fall 6 Kirschner/Bone o iotactory 24 9 84/94/ Kewire
cement 94 loosening
18/M R Fall 4 isEe o Satisfactory 18 8 ey Pin infection
cement 94
. K-wire
24/F L Fall 3 Kirschner/Bone Satisfactory 22 8 80/92/ loosening/Pin
cement 92 . :
infection
16/F R Fall 4 Ll e Satisfactory 14 9 e None
cement 96
22 /F R Fall 3 Kirschner/Bone Satisfactory 15 7 84/92/ Pin infection
cement 92
K-wire
Traffic Kirschner/Bone . 82/94/ loosening/Br
gl i accident 9 cement SRR L0 ? 94 achial plexus
injury
. . K-wire
18/F L Tr.afflc 3 Kirschner/Bone Satisfactory 15 8 84/94/ loosening/Pin
accident cement 96 . :
infection
21/M R Fall 3 Klrschn.er/ s Satisfactory 16 7 el None
rnal fixator 92
16/M R Fall 3 Kirschner/Exte g, ict crory 12 8 86/94/ " pip infection
rnal fixator 94
18/F L Fall 3 Kirschner/Exte o iictactory 14 7 Sy None
rnal fixator 96
Traffic Kirschner/Exte . 82/92/ - .
23/M R accident 4 mal fixator Satisfactory 12 8 92 Pin infection
18/F R Fall 4 Kirschner/Exte ¢ icpctory 14 8 80/94/ None
rnal fixator 94
19/M L Fall 3 Klrschn.er/Exte Satisfactory 12 7 82/92/ None
rnal fixator 92
14/F R Fall 4 Klrschn.er/ s Satisfactory 15 8 ey None
rnal fixator 94
28/F L Fall 3 Klrschn.er/Exte Satisfactory 12 9 80790/ Pin infection
rnal fixator 92
Kirschner/Exte . 82/92/
24 /F R Fall 4 mal fixator Satisfactory 12 8 94 None
Kirschner/Exte . 84/96/ Displacement
23/M R Fall 6 mal fixator Satisfactory 17 7 9% /Re-fixation
24/M L Fall 3 Kirschner/Exte o iotactory 14 8 82/92/ " pin infection
rnal fixator 92
24/F R Fall 3 Klrschn.er/Exte Satisfactory 16 7 84/94/ None
rnal fixator 94
4 IranRed CrescentMed].2023; 25(12):e2904.
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Every patient was followed for a mean of 15.3
months (range: 12-24 months). According to Neer
reduction criteria, all fractures were adequately
reduced, and no displacement was noted throughout
the follow-up period. All of the patients' fractures
healed subsequently. The mean duration for recovery
was 7.9 weeks (range: 7-9 weeks). The mean Constant
score of the shoulder joint function after the operation
was 82.4 (range: 80-86) at 3 months, 93.4 (range: 90-
96) at 6 months, and 93.7 (range: 92-96) at 1 year. The
Constant scores of patients were significantly different
between 3 months and 6 months (P=0.000);
nevertheless, there was no significant difference
between 6 months and 12 months (P=0.083) (Table 2).
These findings revealed that the shoulder joint
function improved fast and with a favorable prognosis.
In four of the seven patients who were fastened with
bone cement, Kirschner wire withdrawal occurred,
although the quality of the reduction was unaffected.
Only one patient with external fixator fixation
experienced Kirschner wire removal, which
necessitated no surgical correction The rate of K-wire
loosening in group B, was significantly lower than that
in group A (P=0.038) (Table 3). Eight patients (4 in
each group) developed infections (redness, warmth,
inflammation, fever, and chills); however, they all
recovered following a local dressing change and
removal of the pin tract. During the follow-up period,
no radiological evidence of avascular necrosis of the
humeral head or glenohumeral osteoarthritis was
recorded in any of the patients.

Table 2. Comparison of shoulder function scores by closed
reduction and percutaneous pinning

Functional comparison t-statistic P-value
Between 3m and 6 m -28.4 0.000
Between 6 m and 1y -1.837 0.083

Table 3. Comparison of postoperative complications between the
two groups

Group K-wire loosening Pin infection
Group A o 0
(n=7) 4 (57.1%) 4 (57.1%)
Group B 3 3
(n=12) 1 (8.3%) 4 (33.3%)
P 0.038 0.377

Group A = Kirschner wire paired with bone cement fixing
Group B = Kirschner wire paired with an external fixator

5. Discussion

Proximal humeral fractures can be treated
conservatively or surgically. Conservative treatment
has favorable long-term outcomes but requires strict
patient compliance as extended immobilization can
lead to various issues, including joint stiffness,
malunions, and deformity (21, 22). The surgical
intervention aims for anatomic reduction and stable
fixation to relieve discomfort and promote early
mobilization. However, open reduction surgery is
more stressful and carries risks of wound infection

[ran Red Crescent Med].2023; 25(12):e2904.

and humeral head ischemic necrosis (23).

In a study conducted by Clavert et al, open
reduction and internal fixation were performed on 73
patients. They reported various complications after
open reduction, including malunion, nonunion,
avascular necrosis, and revisions, with a mean
Constant score of 62.3. The absence of firm fixation
for the humeral head via intramedullary nail fixation
can easily lead to humeral head collapse and
malunion, while also causing rotator cuff damage and
poor recovery of the shoulder joint function. This
contrasts with the good shoulder performance
observed in the present study, which is due to the use
of different methods (24).

Nolan et al. treated 18 patients with intramedullary
nails, 9 of which were caused by humeral head
collapse with varus or greater tubercle displacement,
resulting in malunion with evident acromion impact.
Only 4 patients achieved outstanding shoulder
function scores due to the discomfort and stiffness of
the shoulder joint caused by the loss of the rotator cuff
during the procedure (25).

Neviaser was one of the first to describe the
percutaneous reduction technique for treating
proximal humeral fractures in children using an
anterograde parallel needle threading approach.
Krappinger later expanded on this by adding a pin
inserted into the anterior cortex (7). This approach
has been extensively employed in the treatment of
proximal humeral fractures in adults and is the
current gold standard for percutaneous pin
reduction. Vicenti et al. discovered a “Safe Zone” for
pin insertion during autopsy. The proximal lateral pin
should be inserted at or near a spot twice the
distance between the superior aspect of the humeral
head and the inferior-most edge of the humeral head.
At 20 mm from the most inferior side of the humeral
head, the larger tuberosity pins should engage the
cortex of the humeral neck (26). Nonetheless, several
researchers continue to depict it as a contentious,
difficult-to-learn methodology (27-29).

Early closed reduction approaches may result in
instability and reduction loss. Rodia et al
successfully treated 51 patients using a surgical
approach, without requiring revision therapy;
however, 5 complications were identified. They
suggested that combining Kirschner wires with
other external fixation methods could minimize
reduction loss in osteoporotic patients (30). Seyhan
et al. treated 36 patients using a retrograde
percutaneous method, emphasizing the
effectiveness of the "joystick approach" for
reduction. They achieved a mean follow-up Constant
score of 93.4 and found that 3- and 4-part fractures
and displacement of the larger tuberosity were rare
in closed reduction and percutaneous procedures.
Closed reduction and percutaneous fixation are
based on good reduction and fixation maintenance
to achieve a favorable prognosis. These results
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confirm the findings of the present study and are in
line with the present study (29).

We pioneered closed reduction and cross-fixation
using Kirschner needles with attached tails. This
technique improves fixation stability and avoids
needle location mismatch with external fixators. The
first 7 patients treated at our facility were fastened
with bone cement following closed reduction and
percutaneous fixation to avoid nail pullout. However,
when the stability of one of these patients was
evaluated during the procedure, the fracture was
discovered to be displaced again. We could however
improve our therapeutic choices after re-fixation. The
reduction was well-maintained since the cross
Kirschner wires were coupled with a monolateral
external fixator (Figure 3. A-E).

Kristianse et al. suggested a closed reduction of
proximal humeral fracture paired with an
external fixator (31). Following Carlos Martin's
improvements, the most generally used external
fixators in the world now include the Hoffmann
external fixator, the AO external fixator, and the
I[lizarov external fixation system. The downside is
that the process is complicated and the equipment is
costly. Moreover, the termination location of the
wire should be perfectly aligned with the external
fixator. Using our technology, the Kirschner wires
may be punctured at will and finally repaired with
bone cement; this would not only efficiently
maintain the reduction but also drastically reduce
the nail pullout rate. A follow-up study
demonstrated that the fixation effect was consistent.
The adequacy of fracture reduction and subsequent
stable fixation is the most essential challenge during
closed reduction and cross percutaneous fixation.
We believe that the "joystick" approach and the
prying method of hemostatic forceps are quite
beneficial in fracture reduction. The presence of
osteoporosis, severe fracture comminution, or
humeral head dislocation complicates the task of
minimizing the two-part fracture. When closed
reduction fails, open reduction must be employed.
Although we achieved success with this procedure
in patients with concomitant shoulder dislocation,
the process is quite challenging, and it is suggested
to revise the surgical strategy after unsuccessful
efforts. During our follow-up, we discovered that the
mean fracture healing time was 7.8 weeks (7-9
weeks), demonstrating an optimal duration for both

fracture healing and shoulder  function
rehabilitation.
Closed reduction with cross percutaneous

fixation, as described in this article, provides the
advantages of reduced stress, a faster healing period,
and a faster functional return. When used in
conjunction with a monolateral external fixator, the
Kirschner wire pullout rate could be reduced. It can
be utilized as an alternative to surgical neck fractures
of the proximal humerus in 2 halves.

6. Conclusion

Closed reduction and cross percutaneous fixation in
the treatment of surgical neck fractures of the
humerus has a significant therapeutic impact, with
reduced surgical trauma. According to the results of
this study, it can eliminate the need for a second
surgery to remove the internal fixation. External
fixators used in tandem can improve stability and
decrease withdrawal rates. However, we still
advocate the conventional treatment approaches,
such as open reduction plate fixation or
intramedullary nail fixation, for older patients with
osteoporosis or 3-4 partial fractures, when the
reduction is difficult with the presently proposed
approach.

Acknowledgments
None.

Footnotes

Conflicts of Interest: None to declare.
Funding/Support: None.

Ethical considerations: This study was approved by
the Institutional Review Board and the Ethical
Committee of the hospital.

References

1. Launonen AP, Lepola V, Saranko A, Flinkkila T, Laitinen M,
Mattila VM. Epidemiology of proximal humerus fractures. Arch
Osteoporos. 2015;10:209. doi: 10.1007/s11657-015-0209-4.
[PubMed: 25675881].

2. Bergdahl C, Ekholm C, Wennergren D, Nilsson F, Mdller M.
Epidemiology and patho-anatomical pattern of 2,011 humeral
fractures: data from the Swedish Fracture Register. BMC
Musculoskelet Disord. 2016;17:159. doi: 10.1186/s12891-016-
1009-8. [PubMed: 27072511].

3. Khatib O, Onyekwelu [, Zuckerman JD. The incidence of
proximal humeral fractures in New York State from 1990
through 2010 with an emphasis on operative management in
patients aged 65 years or older. J Shoulder Elbow Surg.
2014;23(9):1356-62. doi: 10.1016/j.,jse.2013.12.034.
[PubMed: 24725897].

4. Soler-Peiro M, Garcia-Martinez L, Aguilella L, Perez-Bermejo M.
Conservative treatment of 3-part and 4-part proximal humeral
fractures: a systematic review. | Orthop Surg Res.
2020;15(1):347. doi: 10.1186/s13018-020-01880-7.
[PubMed: 32831119].

5. Howard L, Berdusco R, Momoli F, Pollock |, Liew A, Papp S, et
al. Open reduction internal fixation vs non-operative
management in proximal humerus fractures: a prospective,
randomized controlled trial protocol. BMC Musculoskelet
Disord. 2018;19(1):299. doi: 10.1186/s12891-018-2223-3.
[PubMed: 30121091].

6. Baker HP, Gutbrod ], Strelzow JA, Maassen NH, Shi L.
Management of Proximal Humerus Fractures in Adults-A
Scoping Review. | Clin Med. 2022;11(20):6140. doi:
10.3390/jcm11206140. [PubMed: 36294459].

7. Freeman TR, Dunn RH, Ko KJW, Seidl A]. Hemiarthroplasty for
proximal humerus fracture—a dying art. Annals of Joint.
2020;6(1):1-11. doi: 10.21037/a0j-2019-mfas-08.

8. Radaideh A, Abualadas ], Anaqreh Y, Alnemer A, Alghzawi AA,
Abualadas R, et al. Does open reduction internal fixation using

IranRed CrescentMed].2023; 25(12):e2904.


https://doi.org/10.1007/s11657-015-0209-4
https://pubmed.ncbi.nlm.nih.gov/25675881/
https://doi.org/10.1186/s12891-016-1009-8
https://doi.org/10.1186/s12891-016-1009-8
https://pubmed.ncbi.nlm.nih.gov/27072511/
https://doi.org/10.1016/j.jse.2013.12.034
https://pubmed.ncbi.nlm.nih.gov/24725897/
https://doi.org/10.1186%2Fs13018-020-01880-7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7444241/
https://doi.org/10.1186/s12891-018-2223-3
https://pubmed.ncbi.nlm.nih.gov/30121091/
https://doi.org/10.3390/jcm11206140
https://pubmed.ncbi.nlm.nih.gov/36294459/
http://dx.doi.org/10.21037/aoj-2019-mfas-08

Han B et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

a volar locking plate and closed reduction percutaneous
pinning using K wires provide similar functional and
radiological outcomes for unstable distal radius fractures?
SICOT J. 2023;9:19. doi: 10.1051/sicotj/2023015. [PubMed:
37350673].

Curtis BD, Fajolu O, Ruff ME, Litsky AS. Fixation of Metacarpal
Shaft Fractures: Biomechanical Comparison of Intramedullary
Nail Crossed K-Wires and Plate-Screw Constructs. Orthop Surg.
2015;7(3):256-60.  doi:  10.1111/0s.12195.  [PubMed:
26311101].

Song H, He T, Guo HY, Li ZY, Wei M, Zhang C, et al. Locking
Plates versus Locking Intramedullary Nails Fixation of
Proximal Humeral Fractures Involving the Humeral Shaft: A
Retrospective Cohort Study. Med Sci Monit. 2020;26:€922598.
doi: 10.12659/MSM.922598. [PubMed: 32772042].

Qiao F, Guan X, Jiang F, Lv P. Closed reduction and
percutaneous pinning for treatment of unstable lateral condyle
fractures of the humerus in children. Front Pediatr.
2023;11:1223615. doi: 10.3389/fped.2023.1223615.
[PubMed: 37681201].

Neviaser R], Resch H, Neviaser AS, Crosby LA. 17 Proximal
humeral fractures: pin, plate, or replace. Instr Course Lect.
2015;64:203-14. [PubMed: 25745906].

Freislederer F, Bensler S, Specht T, Magerkurth O, Eid K. Plate
Fixation for Irreducible Proximal Humeral Fractures in
Children and Adolescents-A Single-Center Case Series of Six
Patients. Children (Basel). 2021;8(8):635. doi:
10.3390/children8080635. [PubMed: 34438526].

Patel VA, Pushkarna V, Padhiyar H, Patel S, Patel V], Dave SD.
Effectiveness of closed reduction & minimally invasive
percutaneous fixation of dorsally displaced distal radius &
associated fractures. International Journal of Orthopaedics.
2020;6(4):482-6. doi: 10.22271/0rtho0.2020.v6.i4g.2377.
Dilisio MF, Nowinski R], Hatzidakis AM, Fehringer EV.
Intramedullary nailing of the proximal humerus: evolution,

technique, and results. ] Shoulder Elbow  Surg.
2016;25(5):e130-8. doi: 10.1016/j.jse.2015.11.016. [PubMed:
26895601].

Schumaier A, Grawe B. Proximal humerus fractures:
evaluation and management in the elderly patient. Geriatr
Orthop Surg Rehabil. 2018;9:2151458517750516. doi:
10.1177/2151458517750516. [PubMed: 29399372].
Carofino BC, Leopold SS. Classifications in Brief: The Neer
Classification for Proximal Humerus Fractures. Clin Orthop
Relat Res. 2013;471(1):39-43. doi: 10.1007/s11999-012-
2454-9. [PubMed: 22752734].

Gomez D, Dainotto T, Moya D, Patifio JM. Translation and
Cross-cultural Adaptation of the Constant-Murley Score into
Argentine Spanish. Revista de la Asociacién Argentina de
Ortopedia y  Traumatologia. 2022;87(4):579-92. doi:
10.15417/issn.1852-7434.2022.87.4.1491.

Ozekli Misirhoglu T, Eren I, Ozyemisci Tagkiran O, Giinerbiiyiik
C, Birsel O, Canbulat N, et al. Turkish version of the patient-
based Constant-Murley Score: Its cross-cultural adaptation,
validity, reliability and comparison with the clinician-based
version. Turk | Phys Med Rehabil. 2022;68(3):336-47. doi:
10.5606/tftrd.2022.8520. [PubMed: 36475100].

Levy O, Haddo O, Massoud S, Mullett H, Atoun E. A patient-

Iran Red Crescent Med].2023; 25(12):e2904.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

derived Constant-Murley score is comparable to a clinician-
derived score. Clin Orthop Relat Res. 2014;472(1):294-303.
doi: 10.1007/s11999-013-3249-3. [PubMed: 23982405].

Han R], Sing DC, Feeley BT, Ma CB, Zhang AL. Proximal humerus
fragility fractures: recent trends in nonoperative and operative
treatment in the Medicare population. J/ Shoulder Elbow Surg.
2016;25(2):256-61. doi: 10.1016/j.jse.2015.07.015. [PubMed:
26440695].

Hyun H, Ahn ], Shin S-J. Conservative Treatment of
Proximal Humeral Fracture. jkfs. 2018;31(1):29-35. doi:
10.12671/jkfs.2018.31.1.29.

Neviaser AS, Hettrich CM, Dines ]S, Lorich DG. Rate of
avascular necrosis following proximal humerus fractures
treated with a lateral locking plate and endosteal implant.
Arch Orthop Trauma Surg. 2011;131(12):1617-22. doi:
10.1007/s00402-011-1366-6. [PubMed: 21814772].

Clavert P, Adam P, Bevort A, Bonnomet F, Kempf J-F. Pitfalls
and complications with locking plate for proximal humerus
fracture. J Shoulder Elbow Surg. 2010;19(4):489-94. doi:
10.1016/j.jse.2009.09.005. [PubMed: 19995683].

Nolan BM, Kippe MA, Wiater JM, Nowinski GP. Surgical
treatment of displaced proximal humerus fractures with a
short intramedullary nail. ] Shoulder Elbow Surg.
2011;20(8):1241-7. doi: 10.1016/j.jse.2010.12.010. [PubMed:
21420325].

Vicenti G, Antonella A, Filipponi M, Conserva V, Solarino G,
Carrozzo M, et al. A comparative retrospective study of locking
plate fixation versus a dedicated external fixator of 3- and 4-
part proximal humerus fractures: Results after 5 years. Injury.
2019;50(2):580-8. doi: 10.1016/j.injury.2019.01.051.
[PubMed: 30926138].

Zhao L, Yang P, Zhu L, Chen A-m. Minimal invasive
percutaneous plate osteosynthesis (MIPPO) through deltoid-
pectoralis approach for the treatment of elderly proximal
humeral fractures. BMC Musculoskelet Disord. 2017;18(1):187.
doi: 10.1186/s12891-017-1538-9. [PubMed: 28499431].

Fink Barnes L, Parsons BO, Flatow EL. Percutaneous Fixation
of Proximal Humeral Fractures. JBJS Essent Surg Tech.
2015;5(2):e10. doi: 10.2106/JBJS.ST.N.00096. [PubMed:
30473918].

Seyhan M, Kocaoglu B, Nalbantoglu U, Aydin N, Guven O.
Technique of Kirschner Wire Reduction and Fixation of
Displaced Two-Part Valgus Angulated Proximal Humerus
Fractures at the Surgical Neck. | Orthop Trauma.
2012;26(6):e46-50. doi: 10.1097/BOT.0b013e3182254ecc.
[PubMed: 22337481].

Rodia F, Theodorakis E, Touloupakis G, Ventura A. Fixation of
complex proximal humeral fractures in elderly patients with a
locking plate: A retrospective analysis of radiographic and
clinical outcome and complications. Chin ] Traumatol.
2016;19(3):156-9. doi: 10.1016/j.cjtee.2016.01.010. [PubMed:
27321296].

Scaravilli G, Mercurio ], Grazioli A, Gioia C, D'Arienzo A, Toro G,
et al. Preliminary report in treatment of proximal humeral
fracture with closed reduction and DOS external fixation
System: a multicentric study. Acta Biomed.
2022;93(2):e2021494.  doi:  10.23750/abm.v93i2.11924.
[PubMed: 35546021].


https://doi.org/10.1051/sicotj/2023015
https://pubmed.ncbi.nlm.nih.gov/37350673/
https://doi.org/10.1111/os.12195
https://pubmed.ncbi.nlm.nih.gov/26311101/
https://doi.org/10.12659%2FMSM.922598
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7437237/
https://doi.org/10.3389%2Ffped.2023.1223615
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10481872/
https://pubmed.ncbi.nlm.nih.gov/25745906/
https://doi.org/10.3390%2Fchildren8080635
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8393487/
http://dx.doi.org/10.22271/ortho.2020.v6.i4g.2377
https://doi.org/10.1016/j.jse.2015.11.016
https://pubmed.ncbi.nlm.nih.gov/26895601/
https://doi.org/10.1177/2151458517750516
https://pubmed.ncbi.nlm.nih.gov/29399372/
https://doi.org/10.1007%2Fs11999-012-2454-9
https://doi.org/10.1007%2Fs11999-012-2454-9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3528923/
http://dx.doi.org/10.15417/issn.1852-7434.2022.87.4.1491
https://doi.org/10.5606%2Ftftrd.2022.8520
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9706797/
https://doi.org/10.1007%2Fs11999-013-3249-3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3889436/
https://doi.org/10.1016/j.jse.2015.07.015
https://pubmed.ncbi.nlm.nih.gov/26440695/
https://doi.org/10.12671/jkfs.2018.31.1.29
https://doi.org/10.1007/s00402-011-1366-6
https://pubmed.ncbi.nlm.nih.gov/21814772/
https://doi.org/10.1016/j.jse.2009.09.005
https://pubmed.ncbi.nlm.nih.gov/19995683/
https://doi.org/10.1016/j.jse.2010.12.010
https://pubmed.ncbi.nlm.nih.gov/21420325/
https://doi.org/10.1016/j.injury.2019.01.051
https://pubmed.ncbi.nlm.nih.gov/30926138/
https://doi.org/10.1186/s12891-017-1538-9
https://pubmed.ncbi.nlm.nih.gov/28499431/
https://doi.org/10.2106%2FJBJS.ST.N.00096
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6221428/
https://doi.org/10.1097/bot.0b013e3182254ecc
https://pubmed.ncbi.nlm.nih.gov/22337481/
https://doi.org/10.1016%2Fj.cjtee.2016.01.010
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4908216/
https://doi.org/10.23750%2Fabm.v93i2.11924
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9171885/

	None.
	Footnotes

