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Results of an innovative method of
intramedullary fixation for displaced 4-part
fractures of the proximal humerus in patients
younger than 70 years
Sanjay Desai, MS, DNB, MCh, DOrth*, Rohit Jain, MBBS, MS,
Vishwajeet Singh, MBBS, DNB, MRCSEd
Orthopaedic Department, Bhatia Hospital, Mumbai, India

Background: The management of displaced 4-part fractures of proximal humerus is a challenge, as it is difficult to produce consistently
good results with the current methods of fixation. Varus collapse of the head and eventual failure of plate fixation have been reported in
up to 45% of cases. We present an innovative method of intramedullary fixation for displaced 4-part proximal humeral fractures. The
aim of this study was to present the results of an intramedullary fixation device used for displaced 4-part proximal humeral fractures in
patients younger than 70 years.
Materials and methods: Fixation was performed with an intramedullary device in 30 patients with an average age of 56 years who had
displaced 4-part proximal humeral fractures. The device consists of a circular staple that is impacted in the head and engages into the
neck of an intramedullary uncemented stem. The stem has a sleeve that provides the ability to adjust the height and thereby facilitates
accurate reduction of the tuberosity with ease. Fracture union was assessed with plain radiographs, and clinical outcomes were assessed
using American Shoulder and Elbow Surgeons and Constant scores.
Results: Union was achieved in 93.33% of patients and the mean American Shoulder and Elbow Surgeons and Constant scores were
75.2 and 73.97, respectively, at an average follow-up of 25.83 months. None of the patients had tuberosity avulsion, tuberosity nonunion,
or resorption. However, 2 patients had humeral head nonunion and 2 had avascular necrosis. Revision surgery was performed in 2 pa-
tients (6.67%), because of avascular necrosis in 1 and nonunion in 1.
Conclusion: In patients younger than 70 years with displaced 4-part proximal humeral fractures, the described intramedullary device
provides a simple and reproducible method of internal fixation with predictable tuberosity union and shoulder function.
Level of evidence: Level IV; Case Series; Treatment Study
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Proximal humeral fractures are the third most common
type of fracture, accounting for nearly 6% of all fractures
seen in the emergency department.11 In elderly persons, this
fracture has the second highest incidence of all fractures in
the upper extremity.4 Four-part proximal humeral fractures
account for 3% of all humeral fractures and are regarded as
the most difficult to treat.12
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Complex proximal humeral fracture remains a surgical
challenge owing to various problems associated with this
fracture, such as the small size of the head fragment,
osteoporosis, risk of tuberosity nonunion or resorption, and
avascular necrosis (AVN) of the humeral head. Surgical
fixation with locking plates is the most common modality
used for displaced proximal humeral fractures, although
other options, such as conservative treatment, percutaneous
Kirschner wire fixation, proximal humeral nailing, hemi-
arthroplasty, and reverse shoulder arthroplasty, are avail-
able. The pain, morbidity, and prolonged rehabilitation
associated with nonoperative treatment may not be
acceptable to many patients. Besides, the traditional option
of conservative treatment may leave some patients with
persistent pain and limitation of function.3,8 Clinical studies
have demonstrated some success with the use of locking
plates to treat 2- and 3-part fractures, but their clinical
success for 4-part fractures remains debatable.1,3,22,25

The primary reason for failure of plating is loss of fix-
ation due to varus collapse of the humeral head, leading to
nonunion, malunion, and poor functional results.21,27,33,35

This happens predominantly because it is technically
difficult to achieve and maintain a stable valgus reduction
in displaced, often osteoporotic 4-part proximal humeral
fractures.37

Therefore, some surgeons prefer hemiarthroplasty for
complex proximal humeral fractures. However, the tuber-
osity behavior following hemiarthroplasty is unpredictable,
and a high incidence of tuberosity migration, nonunion, and
resorption has been reported.6,17 Use of reverse shoulder
replacement for displaced 4-part proximal humeral frac-
tures has increased lately; however, it is not the preferred
choice in patients younger than 70 years.20,40 In effect,
there seems to be no consensus in the literature regarding
the optimal treatment of displaced 4-part proximal humeral
fractures, particularly in the age group in which preserving
the humeral head is desirable.

We present a prospective study of 30 patients with dis-
placed 4-part proximal humeral fractures treated with a
unique intramedullary fixation device. The aim of our study
was to provide radiologic and clinical results of patients
treated with this innovative intramedullary fixation device.
Materials and methods

We performed a prospective case study of 38 patients who un-
derwent surgical treatment of displaced 4-part proximal humeral
fractures from January 2016 to October 2017. The inclusion
criteria were as follows: fresh displaced 4-part proximal humeral
fractures, age < 70 years, no previous surgery on the fractured
shoulder, no associated neurologic injury, and patients not willing
to undergo conservative treatment.

We excluded 5 patients aged � 70 years (who underwent
reverse shoulder arthroplasty as primary treatment), 2 who had
undergone previous surgery, and 1 with associated neurologic
injury. Four patients opted for nonoperative treatment and do not
form a part of this study. Thus, this study comprised 30 four-part
displaced proximal humeral fractures in 30 patients who received
the Just UNIC intramedullary fixation device (Evolutis, Briennon,
France) (Table I). On the basis of radiographs and computed to-
mography scans, fractures were categorized according to the Neer
fracture classification.26 All surgical procedures were performed
by the senior author, a shoulder specialist. Informed written
consent was obtained from all patients.

The Just UNIC device is based on the ‘‘bilboquet’’ concept
introduced by Doursounian et al.14-16 The device has a staple and
an intramedullary stem with a sleeve (Fig. 1). The sleeve allows
adjustment of the height of the intramedullary stem, facilitating
accurate reduction of the greater tuberosity. An appropriately
sized staple goes in the head fragment, which is then reduced over
the neck of the stem by a Morse taper. The device provides an
easily reproducible valgus reduction of the head and facilitates
anatomic reduction of the tuberosities, thereby providing the
perfect biomechanical environment for consolidation of the tu-
berosities and preservation of the humeral head.

Patients were positioned in the beach-chair position with a
fluoroscope in place. Both superior and deltopectoral ap-
proaches can be used depending on the distal extent of the
fracture. The greater and lesser tuberosities were secured using
Ethibond (No. 5) sutures (Ethicon, Somerville, NJ) passed
through the tendon. The head was carefully exposed using blunt
dissection. After a trial, among the 3 sizes available, the staple
that covered the maximum area of cancellous bone on the
fractured surface of the humeral head was impacted. The
proximal end of the humeral shaft was exposed, and No. 5
Ethibond sutures were passed through 3 holes (1 for the lesser
tuberosity and 2 for the greater tuberosity) drilled in the
diaphysis just below the fracture to secure the tuberosities.
Version of the trial implant was guided by the calcar, which is
easily identified as the point where the medial and posterior
borders of the metaphysis meet. The final stem and sleeve of
the same size were inserted in the humeral canal. The neck of
the stem was gently engaged into the staple. The stem height
was then adjusted using jack-up forceps. Progressive controlled
distraction was applied under fluoroscopic control until an
anatomic arch was achieved, along with accurate reduction of
the greater tuberosity and adequate soft-tissue tension. The stem
docked in 1 of the 4 positions of the humeral sleeve, which was
finally locked to the sleeve with a locking screw. The tuber-
osities were sutured to their anatomic positions.

The shoulder was immobilized for 6 weeks. Pendulum ex-
ercises were started 3 weeks after surgery, progressing to
active-assisted exercises at 6 weeks and strengthening exercises
at 12 weeks after surgery. Rehabilitation was performed for at
least 6 months. The clinical parameters evaluated at final
follow-up included range of motion, power, Constant score, and
American Shoulder and Elbow Surgeons score.10,29 Radiologic
assessment was based on anteroposterior and axillary views.
Aseptic necrosis of the humeral head was evaluated according
to the Cruess classification.13 All patients were evaluated by the
senior surgeon until radiologic union was achieved. Follow-up
at a minimum of 24 months was performed by a shoulder
fellow.



Table I Individual results

Patient No. Age, yr Follow-up, mo Constant score ASES score FE, � IR ER, � LE, � Union AVN

1 66 34 71 75 110 LS 30 95 Y N
2 56 30 88 88 140 L3 50 110 Y N
3 54 26 10 16 15 LS 0 15 N N
4 58 26 68 56 125 L3 40 85 Y Y, grade 3
5 58 24 25 38 20 Buttock 10 10 N N
6 52 24 84 73 140 L3 50 130 Y N
7 43 24 51 46 80 LS 20 60 Y Y, grade 4
8 43 27 92 93 155 L3 65 130 Y N
9 55 25 88 82 140 L3 45 100 Y N
10 65 24 78 83 130 LS 30 70 Y N
11 62 24 78 80 140 LS 30 120 Y N
12 59 26 78 73 110 L3 45 105 Y N
13 58 27 74 86 115 LS 40 90 Y N
14 57 25 71 73 100 LS 30 95 Y N
15 52 29 84 90 130 L3 50 115 Y N
16 61 24 82 90 130 L3 45 115 Y N
17 58 25 82 88 130 L3 40 120 Y N
18 57 24 57 60 70 L3 20 40 DU N
19 54 25 78 72 115 L3 40 95 Y N
20 56 27 70 70 105 LS 30 85 Y N
21 64 26 78 73 155 LS 65 130 Y N
22 59 24 84 82 140 L3 45 90 Y N
23 66 24 78 93 130 L3 30 130 Y N
24 44 25 92 82 140 LS 45 140 Y N
25 49 26 88 83 110 LS 45 95 Y N
26 52 28 76 80 115 L3 40 120 Y N
27 54 25 76 78 100 LS 30 105 Y N
28 45 28 76 80 130 LS 50 100 Y N
29 63 24 84 83 130 L3 60 110 Y N
30 60 25 78 90 70 LS 40 80 Y N

ASES, American Shoulder and Elbow Surgeons; FE, forward elevation; IR, internal rotation; ER, external rotation; LE, lateral elevation; AVN, avascular

necrosis; LS, lumbosacral; Y, yes; N, no; DU, delayed union.
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Results

This prospective study comprised 30 patients with 4-part
displaced proximal humeral fractures, with an average age
of 56 years (range, 43-66 years) and a female-to-male ratio
of 2:1. All fractures were displaced 4-part fractures based
on the Neer classification.26 In 60% of patients, the fracture
was on the dominant side. The mean length of hospital stay
was 3 days (range, 2-6 days). A size 2 staple was required
for the humeral head in 60% of patients, with just 2 patients
requiring a size 3 staple. A small-sized stem was used in
70% of patients. The mean follow-up duration was 25.83
months (range, 24-34 months). At final follow-up, the mean
Constant score was 73.97 (range, 10-92) and the median
Constant score was 78. The mean and median American
Shoulder and Elbow Surgeons scores were 75.2 (range, 16-
93) and 80, respectively. Mean active forward elevation was
114� (range, 15�-155�); mean active abduction, 96� (range,
15�-130�); and mean external rotation, 39� (range, 0�-65�).
Regarding internal rotation, 96% of patients were able to
reach up to the lumbosacral junction whereas 53%
managed to reach as high as the L1 level (Table I).

Union was obtained in 93.3% of patients (Figs. 2 and 3):
27 patients had union within 16 weeks, whereas 1 patient
had delayed union at 8 months. The patient with delayed
union had osteolysis around the implant, perhaps due to
micromotion following aggressive mobilization. His post-
operative rehabilitation was therefore slowed down, and
subsequently, the fracture united at 8 months after surgery.
This patient had a Constant score of 57 with no signs of
AVN. No neurologic complications or infections occurred
in this series. However, nonunion developed in 2 patients,
and AVN of the humeral head occurred in 2 (13%
complication rate). In 1 of the 2 patients with nonunion,
failure occurred because of surgical error. The patient had a
butterfly fragment (Fig. 4, A and B) in the humeral shaft
that was not addressed during surgery, due to which the
humeral stem was unstable. This led to secondary
displacement of the construct into varus (Fig. 4, C). Reverse



Figure 1 Parts of Just UNIC device: humeral head staple and
intramedullary stem, which slides and docks into uncemented
humeral sleeve.
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shoulder arthroplasty was performed 2 months after pri-
mary surgery (Fig. 4, D). During the revision surgical
procedure, it was possible to remove the implant without
much difficulty. In the second patient with nonunion, the
staple had lost its hold on the head, which eventually
slipped into varus. This patient had a neurologic problem
affecting the lower limbs with an abnormal gait; this
perhaps led to premature overloading of the arm. She was
offered revision surgery but did not agree. The overall
revision rate was 6.7% (2 patients), with reverse arthro-
plasty in 1 patient and hemiarthroplasty in the other patient,
who had grade 4 AVN. The latter patient with AVN had
minimal symptoms and therefore chose not to undergo
revision surgery. No malunion or tuberosity migration was
seen in any patient.
Discussion

An increase in the indications for reverse shoulder arthro-
plasty for 4-part displaced proximal humeral fractures has
been shown in recent years.30,39 One reason for this in-
crease is the poor and inconsistent results of fixation as well
as hemiarthroplasty.3,6 Despite the improved understanding
of fracture patterns and improved implant designs such as
locking plates and variable-angle screws, these fractures
continue to be a challenge, without any technique providing
consistently good results. In a systematic review of 66 ar-
ticles involving 2155 patients, Lanting et al23 found no
clear consensus or guidelines regarding the best treatment
for these fractures. Schumaier and Grawe32 evaluated
percutaneous techniques, intramedullary nails, locking
plates, and arthroplasty for the treatment of displaced
proximal humeral fractures in elderly patients and
concluded that there is no clear evidence-based treatment of
choice for these fractures in elderly patients. The intra-
medullary or extramedullary devices available to date do
not give sufficient support to the humeral head; as a result,
the head often tilts into varus postoperatively or the hard-
ware penetrates into the head.32 The PROFHER (Proximal
Fracture of the Humerus: Evaluation by Randomization)
trial, which recruited 250 patients with a mean age of 66
years, concluded that there is no difference in the outcomes
between operative and nonoperative patients.28 They
pooled all types of proximal humeral fractures (18 one-part
fractures, 128 two-part fractures, and 104 three- or four-
part fractures), making it very difficult to interpret the re-
sults, particularly those of the more severe 4-part fractures.
Besides, this inference does not necessarily reflect the good
results of conservative treatment but rather the poor results
of current fixation techniques.

Several studies have found high rates of complications
with the use of plates, such as varus displacement of
the head fragment, screw penetration, and
impingement.3,9,21,34,35,36,37 Kavuri et al,21 in a systematic
review, reported an overall intra-articular screw penetration
rate of 9.5% and a reoperation rate of 13.8%. Sudkamp
et al36 reported a 34% complication rate in their study of
155 patients; of these complications, 40% were directly
related to the initial surgical procedure, with primary screw
perforation (14%) being the most common. The sub-
acromial impingement rate ranges from 1% to 5%, pri-
marily owing to poor intraoperative plate positioning.21,35

A systemic review by Thanasas et al37 reported screw
cutout in 11.6% of cases and reoperation in 13.7%. They
suggested that these complications could be due to the ri-
gidity of the implant with inadequate medial support. Varus
collapse was reported as the most common complication
(16.3%) in a review by Sproul et al.35 In osteoporotic bone
especially, an initial varus pattern has a poor outcome with
locking plates, as the screws are unable to hold the humeral
head out of varus because of poor bone quality.35 Varus
collapse is responsible for both secondary impingement and
screw penetration into the articular surface of the joint.
Clavert et al,9 in their study of 73 patients, found a mean
final Constant score of 62.3, a screw cutout rate of 13.7%,
and a secondary displacement rate of 8.2%. Barlow et al3

reported high failure and reoperation rates with proximal
humerus locking plates in elderly patients older than 60
years. Around 45% of 4-part fractures treated by this
method failed, and 18% of patients underwent second
surgical procedures.



Figure 2 (A) Preoperative anteroposterior radiograph showing displaced 4-part proximal humeral fracture. (B) Anteroposterior radio-
graph at final follow-up showing restored anatomy with humeral head and tuberosities united.
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Reoperation is a very important measure of how suc-
cessful primary surgery is. Silverstein et al33 reported 11
reoperations (20%) in their study of 54 patients, mostly
owing to impingement pain or functional impairment.
Solberg et al34 reported a 10% reoperation rate, mostly
owing to secondary loss of fixation with conversion to
hemiarthroplasty. Laux et al24 reviewed causes of revision
surgery and methods to decrease them. They reported a
revision rate of up to 25% with locking plates; these re-
visions were mostly because of varus malalignment and
secondary screw cutout. In our series, revision was required
in 2 patients (6.67%); in one of these patients, this was
because of the surgical error of not fixing a large butterfly
fragment (Fig. 4, A and B). Intramedullary nailing may
have a role in 2- or 3-part fractures; however, its role in
complex displaced 4-part fractures in which the proximal
humerus has burst is questionable.19,41

Despite the substantial progress in shoulder replacement
and particular attention being paid to repairing the tuber-
osities, hemiarthroplasty for proximal humeral fractures has
given discouraging clinical results, with poor range of
movement and significant functional deficit.2,6,7 Solberg
et al34 reported tuberosity nonunion as the most common
complication (15%) that resulted in progressive tuberosity
migration, which required revision and bone grafting. They
reported that the mean final Constant score was much lower
in patients with tuberosity nonunion (52.9) than in those in
whom the tuberosities united and was directly related to
older age group patients. Boons et al,7 in a randomized
controlled trial, found the Constant score at 3 and 12
months’ follow-up to be 48 and 64, respectively; these
scores were very comparable to those in patients on whom
the authors did not operate, suggesting no added benefit
with humeral head replacement. The unfavorable result
obtained is due to the unpredictable behavior of the tu-
berosities. Initial tuberosity malposition (27%) or migration
(23%) was noted with poor outcomes of hemiarthroplasty
in a study of 66 patients with displaced proximal humeral
fractures conducted by Boileau et al.6 The final tuberosity
malposition was observed in >50% of cases and it corre-
lated with a low average Constant score of 56. Thorsness
et al38 retrospectively reviewed 30 patients with complex
fractures that underwent internal fixation and hemi-
arthroplasty (15 in each group); they concluded that
patient-reported outcomes were better in the fixation group
but the fixation group had a higher revision rate (22%).

Because of these well-documented difficulties with in-
ternal fixation and hemiarthroplasty, the use of reverse
shoulder arthroplasty has been proposed for complex
proximal humeral fractures. However, there is a consensus
that in patients younger than 70 years, a humeral
head–preserving option is preferable over reverse shoulder
arthroplasty,20,40 hence the need to provide a method of
internal fixation that is both reliable and reproducible.

The unique intramedullary fixation device used in this
study (Fig. 1) is based on the bilboquet concept imagined in
the 1990s by Professor L. Doursounian, which uses a cy-
lindrical staple that provides a platform of support for the



Figure 3 (A) Preoperative anteroposterior radiograph showing displaced 4-part proximal humeral fracture. (B) Axial-cut computed
tomography scan showing displaced 4-part proximal humeral fracture with small head fragment. (C) Anteroposterior radiograph at final
follow-up showing well-reduced and -healed fracture. (D) Radiograph showing well-healed fracture.
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humeral head both centrally and peripherally with little risk
of going through the head or creating varus tilt of the head.
The basic construct of the device facilitates natural
anatomic realignment of the humerus head with ease,
thereby providing a perfect biomechanical environment for
tuberosity healing. This system also has the advantage of
being intraosseous, thereby avoiding any periosteal strip-
ping or impingement. The initial design did not have the
ability to adjust the stem height, and the stem was
cemented. The intramedullary device used in this series
brings an important innovation by implanting a ‘‘cement-
less humeral sleeve.’’ Besides, the distance between the
humeral head and shaft is adjustable, thus facilitating
anatomic reduction of the tuberosity. In fact, the greater
tuberosity tends to naturally fall in place. We would,
however, caution against the use of this device in patients in
whom the fracture extends into the shaft of the humerus,
rendering the uncemented humeral component unstable
(Fig. 4, A-C).

The rate of varus tilt in this series (Fig. 4, C) was 3.33%,
which is comparable to the finding in a study performed by
Doursounian et al,14 in which varus tilt was reported in 3
cases (5%) in a series of 61 patients. Doursounian et al,16 in
a prospective study of 22 patients, reported no secondary
tilting, nor did they encounter any nonunion or migration of
the tuberosities. In a series comprising 26 patients, Dour-
sounian et al15 reported 1 case of pseudarthrosis of the
tuberosity, and in another study, published in 2005,



Figure 4 (A) Displaced 4-part proximal humeral fracture with large butterfly fragment on preoperative anteroposterior radiograph. (B)
Postoperative anteroposterior radiograph showing well-placed implant but unattended butterfly fragment. (C) Two-month follow-up
anteroposterior radiograph depicting unstable stem and varus collapse of humeral head. (D) Immediate postoperative radiograph following
revision to reverse shoulder arthroplasty.
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comprising 61 cases, they reported only 2 such cases.14 In
our series, complete reduction of the tuberosities was ob-
tained in all cases, with no case of tuberosity migration.
The mean Constant score was 74.0, with a mean follow-up
of 25.8 months. This is comparable to the mean follow-up
of 34 months in the study of 22 patients performed by
Doursounian et al.16 The major difference in our study
compared with the studies conducted by Doursounian
et al14-16 was the postoperative rehabilitation protocol. Our
rehabilitation was relatively slow because we believe that
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the staple fixation in the head may not be strong; however,
the overall Constant score was comparable to scores in the
studies of Doursounian et al.14-16 One of the concerns when
using the described device is the risk of AVN. In the series
of 61 patients by Doursounian et al,14 the AVN rate was
15% in 3-part fractures and 37% in 4-part fractures; how-
ever, only 5 of the 22 patients with AVN underwent con-
version to hemiarthroplasty. In another series, of 22
patients, 5 had AVN but none underwent conversion to
hemiarthroplasty.16 In our series, there were 2 cases of AVN
(6.7%). One of the two patients with AVN underwent
conversion to hemiarthroplasty. However, the second pa-
tient with AVN had minimal symptoms and therefore did
not opt for arthroplasty. The incidence of AVN with this
device in our series was not higher than that reported using
other methods of fixation for proximal humeral frac-
tures.5,42 In our experience, these cases of AVN are often
functionally well tolerated, particularly if there is success-
ful anatomic union of the tuberosities with a well-
functioning rotator cuff. This is similar to the experience
reported by Gerber et al18 and other authors.14,15,31

To our knowledge, this is the first non-designer study,
with the implant being used for only the most challenging
4-part displaced proximal humeral fractures, unlike the
studies conducted by Doursounian et al.14-16 In patients
younger than 70 years with displaced 4-part proximal hu-
meral fractures who are willing to undergo surgery, we
prefer this intramedullary device over other available
fixation devices. We admit that an inherent weakness of
the study is lack of randomization and a control group.
The selection of patients to receive this implant, among
others with 4-part fractures, was based on surgeon
discretion. In addition, a longer follow-up period is
required as late osteonecrosis might develop in a small
number of patients.
Conclusion
The currently available methods of fixation or hemi-
arthroplasty for displaced 4-part proximal humeral
fractures do not give consistently good results. In pa-
tients younger than 70 years, in whom preserving the
humeral head is desirable, the described intramedullary
device provides a simple and reproducible method of
internal fixation with predictable tuberosity union and
shoulder function.
Disclaimer
The authors, their immediate families, and any research
foundations with which they are affiliated have not
received any financial payments or other benefits from
any commercial entity related to the subject of this
article.
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