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Background: Recently, the Internal Joint Stabilizer of the Elbow (IJS-E) was developed as an internal dynamic fixator for use in the
setting of traumatic elbow instability. This study reviews the patients who had an IJS-E placed at our institution. Specifically,
postoperative complications, postoperative functional outcomes, and need for subsequent procedures were reviewed.
Methods: A retrospective chart review was conducted of patients in whom the IJS-E was implanted from June 2016 to July 2018.
Indications for use, range of motion at final follow-up, and the need for subsequent procedures were reviewed. Disabilities of the
Arm, Shoulder, and Hand (DASH) and Broberg-Morrey scores were also obtained.
Results: Ten IJS-E devices were implanted into 10 patients. Average length of follow-up was 13.4 months. Average flexion-extension
and pronation-supination motion arcs at final follow-up were 106� and 141�, respectively. Seventy-eight percent of patients achieved
>100� arcs of both flexion-extension and pronation-supination. Average DASH and Broberg-Morrey scores were 28.7 and 68.2,
respectively. Four subsequent procedures were required in 4 patients: 2 contracture releases, 1 medial collateral ligament reconstruc-
tion, and 1 total elbow arthroplasty. There were no postoperative infections or nerve injuries.
Discussion: The IJS-E has replaced the use of external hinged fixation at our institution. Final range of motion was consistent with
that reported for terrible triad and complex elbow dislocation injuries. The IJS-E is a good option for use in patients with traumatic
elbow instability, as it restores motion and function without immediate postoperative complication. However, it does not eliminate the
potential for future operative intervention in these complex injuries.
Level of evidence: Level IV; Case Series; Treatment Study
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Elbow instability can represent a challenging problem
for the treating clinician. Etiologies include elbow fracture,
simple dislocation, and fracture dislocation. These are
common injuries treated by the orthopedic surgeon, as the
incidence of elbow dislocation has been reported at 5.21 per
100,000 person-years.20 Additionally, 12%-63% of elbow
dislocations are accompanied by other injuries about the
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elbow.15 Elbow instability can be primary or recurrent and
can present significant morbidity for patients. A specific
injury pattern consisting of posterior ulnohumeral disloca-
tion with associated radial head fracture, coronoid fracture,
and lateral collateral ligament (LCL) injury, called the
‘‘terrible triad,’’ received its eponym from the persistent
instability and subsequent arthrosis and stiffness that pa-
tients developed despite treatment. Some studies in the
literature have suggested that radiographic elbow instability
after a terrible triad injury is rare if operatively addressed
in the first 2 weeks, assuming the radial head was replaced
and the LCL was reattached.23 When treated within 2 weeks,
Board of Trustees. All rights reserved.
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the incidence of subluxation or pseudo-subluxation was
only 2% in the study by Zhang et al,23 compared with 27%
when surgery was delayed beyond 2 weeks from injury.
Surgical management of complex elbow instability typically
follows a specific algorithm.12,21 First, fixation of the radial
head and coronoid is achieved. Then the LCL is repaired. If
instability is still present, the MCL can be addressed. In
case instability still persists, hinged or static external fixa-
tion of the elbow is performed. Other ultimate options, such
as cross-pinning the elbow, have been reported as
well.16 Cross-pinning with cast immobilization is a secure
option to hold reduction but is not without associated prob-
lems. Articular damage, pin site infection with possible
subsequent joint infection, and pin breakage have all been
described.1 Dynamic external fixators are associated with
their own complications, such as pin site infection, broken
and loose pins, iatrogenic fracture, wound complications,
and nerve injury. Complication rates for dynamic external
fixators have been reported to be from 15%-38%.5,9,13,16 A
more recent advent, the Internal Joint Stabilizer of the
Elbow (IJS-E; Skeletal Dynamics, Miami, FL, USA) has
introduced another option to stabilize an elbow when bony
and ligamentous fixation is not sufficient.14 This device
was granted Food and Drug Administration approval in
2016 and was developed as an internal dynamic fixator to
stabilize the elbow joint while allowing for passive and active
range of motion.14 This allows for healing of soft tissues and
immediate postoperative range of motion with a decreased
risk of elbow subluxation/dislocation, obviating the need for
external fixation. The IJS-E is new, and thus there is a paucity
of data on demographics and functional outcomes of the
patients on whom it is used. This study will review the pa-
tients who had an IJS-E placed as part of their orthopedic
care. Specifically, the indications for the device, post-
operative complications, postoperative functional outcomes,
and need for subsequent procedures were reviewed.
Materials and methods

Following institutional review board approval, a retrospective
chart review of our practice’s patients was performed. Inclusion
criteria consisted of patients in whom the IJS-E was implanted
from June 2016 to July 2018. Indications for use, range of motion
at final follow-up, immediate postoperative complications, and the
need for subsequent procedures were reviewed. The Disabilities of
the Arm, Shoulder, and Hand (DASH)10 and Broberg-Morrey2

scores were reviewed as well. The DASH is a scoring system
based on a 30-item questionnaire. The patient self-reports his or
her ability to perform certain tasks; the severity of constant and
activity-related pain, paresthesias, weakness, stiffness; and the
effect on his or her social and work functioning, sleep, and self-
image. Each question has 5 options, from 0 (no disability) to 5
(severe disability). Scores are then summed and scaled to yield a
number from 0-100. Zero indicates no disability, and 100 indicates
maximum disability. The Broberg-Morrey score is a 100-point
system that is based on a physician’s assessment of elbow motion,
stability, strength, and pain. A score from 95-100 is considered
excellent, 80-94 good, 60-79 fair, and less than 60 poor.

Index surgical procedure

IJS-E devices (Skeletal Dynamics) were used in traumatic acute or
chronic elbow instability cases, or to augment fixation of fractures
about the elbow when they were felt to compromise concentric
elbow joint reduction. All procedures were performed by orthopedic
surgeons specializing in trauma or upper extremity surgery (2 sur-
geons in total). All 10 patients had the IJS-E implanted during
their index procedure. Patientswere positioned in the supine position
with the operative extremity placed on a hand table. A lateral
approach to the elbow was used. A standardized approach was
employed to address elbow pathology in these patients. Elbow
reduction was performed first, if necessary. Any fracture present was
then addressed, followed by soft tissue repair or reconstruction.
Then, IJS-E placement was performed as follows. The center of
rotation of the capitellum was marked with a sterile marking pen. A
guidewirewas placed at this site laterally and advanced to themedial
cortex of the distal humerus (without penetrating the cortex), parallel
to the elbow joint, using the system’s aiming guide. The depth of the
guidewirewas thenmeasured and a cannulated drill was used to drill
the distal humerus in a lateral to medial fashion. The baseplate of the
IJS-E was positioned on the posterior aspect of the olecranon. Three
screws were then placed into the baseplate, securing it to the pos-
terior aspect of the olecranon. The axis pin was then inserted through
the eyelet of the proximal connecting rod and into the hole drilled in
the lateral distal humerus. The elbow joint was then reduced and the
IJS-E device was locked by tightening the screws on the connecting
arm. Maintenance of concentric elbow reduction was verified fluo-
roscopically throughout the entire elbow motion arc. A nonsterile
tourniquet was inflated before incision and deflated before wound
closure to ensure hemostasis was obtained. Patients were placed into
a sling initially and then early range of motion therapy was initiated.

Evaluation

Patients had routine postoperative follow-up, which included ra-
diographs and clinical evaluation. Elbow range of motion was
recorded at each visit. DASH and Broberg-Morrey scores were
able to be obtained for 9 of the 10 patients in the series. IJS-E
removal typically occurred after 6-10 weeks, when it was thought
that fracture and soft tissue healing was adequate to maintain
concentric elbow reduction. Additional procedures, if necessary,
were indicated based on subjective symptoms (pain, instability,
etc) or unacceptable motion arc.

Statistical analysis

Statistics (arithmetic means and standard deviation [SD]) were
performed using Microsoft Excel Professional Plus 2010
(Microsoft Co, Redmond, WA, USA).

Results

Ten patients were identified as having an IJS-E implanted.
Demographics, injury information, and outcome measures
of the study population are shown in Table I. Average age



Table I Demographic, injury, procedure, and outcome data for the 10 patients in which the IJS-E was implanted in our institution

Patient

no

Age,

yr/Sex

Laterality Dominant Trauma Injury Index

procedure

Follow-up,

d

IJS-E

implantation

time, d

Motion

arc, �
Prono

supination, �
DASH Broberg-

Morrey

Additional

Procedure(s)

Timing of

additional

procedures,

d

1 70/F R N Mechanical

fall from

standing

Terrible

triad

RHA, LCL/

capsule

repair

836 45 128 115 50 55.1 TEA 276

2 61/F R Y Mechanical

fall from

standing

Lat condyle/

capitellum

Fx, distal

radius Fx

Lat condyle/

capitellum

ORIF, LCL

repair

701 55 75 95 25 77.5

3 56/M R Y Fall off of

bicycle

Chronic

elbow

dislocation,

olecranon

Fx

Elbow

open

reduction,

contracture

release

235 137 105 150 N/A N/A

4 31/F L N Fall while

rock

climbing

Acute

elbow

dislocation

LCL repair 388 41 132 155 0 99.6

5 60/F R Y Mechanical

fall from

standing

Terrible

triad

Coronoid

ORIF, RHA,

LCL repair

278 87 30 120 54.2 18 MCL

reconstruction,

ROH

231

6 43/M L N Fall from

height

(3 feet)

Terrible

triad

L radial

head

replacement,

IJS, LCL

repair

316 86 135 155 42.5 83 Contracture &

cubital

tunnel

release

213

7 51/M L N Fall from

height

(10 feet)

Acute elbow

dislocation,

distal

radius Fx

Distal

radius

ORIF, LCL

repair

234 91 110 155 38.3 45

8 53/F L N Mechanical

fall from

standing

Terrible

triad

LCL repair 118 66 138 155 9.2 93

9 27/M R Y Fall from

height

(3 stories)

Terrible

triad

LCL repair 189 N/A N/A N/A N/A N/A

10 56/F L N Mechanical

fall from

standing

Terrible

triad

RHA 719 55 105 165 10 74 Ulnar

nerve

transposition,

contracture

release,

excision of

HO, & capsule

resection

203

Mean

(SD)

50.8

(12.8)

401

(242)

74 (29) 106

(33)

141

(23)

28.7

(19.2)

68.2

(25.4)

231

(28)

SD, standard deviation; F, female; M, male; R, right; L, left; N, no; Y, yes; Lat, lateral; Fx, fracture; RHA, radial head arthroplasty; LCL, lateral collateral ligament; ORIF, open reduction and internal fixation;

IJS, internal joint stabilizer; IJS-E, Internal Joint Stabilizer of the Elbow; N/A, not applicable; DASH, Disabilities of the Arm, Shoulder, and Hand; TEA, total elbow arthroplasty; MCL, medial collateral

ligament; ROH, removal of hardware; HO, heterotopic ossification.
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of the patient at the time of implantation was 50.8 years,
with a SD of 12.8 years. There were 6 women (60%) and 4
men (40%). Six of the 10 patients had an acute terrible triad
injury, 2 had an acute elbow dislocation, 1 had lateral
condyle and capitellum fractures with elbow instability, and
1 had a chronic elbow dislocation (Fig. 1). Four patients
(40%) had the IJS-E implanted into their dominant upper
extremity (Figs. 2 and 3). Average follow-up was 401 days
(range 118-836), or 13.4 months. The IJS-E was removed
after an average of 74 days (range 41-137) in 9 of the pa-
tients. One patient has not had the IJS-E removed as he had
developed significant heterotopic ossification following a
terrible triad injury in association with a closed head injury
and multiple extremity injuries. His outcome measures
were excluded from analysis as he is currently awaiting
surgical intervention for heterotopic ossification. All pa-
tients were performing active elbow range of motion prior
to IJS-E explantation. Device removal consideration began
at 6 weeks postoperatively and was delayed if radiologic or
clinical healing was in question. No radiologic signs of
hardware loosening or elbow subluxation were noted at any
of the patients’ follow-up.

The average flexion-extension arc of the patients at final
follow-up was 106�, with an SD of 33� (range 30�-138�).
Average pronosupination arc was 141�, with an SD of 23�

(range 95�-165�). Seven of the 9 patients included (78%)
achieved >100� arcs of both flexion-extension and
pronation-supination. The average DASH score at final
follow-up was 28.7, with an SD of 19.2 (range 0-54.2). The
average Broberg-Morrey score at final follow-up was 68.2,
with an SD of 25.4 (range 18-99.6). With respect to the
Broberg-Morrey categorical ratings, 1 patient (12.5%) had
Figure 1 Anteroposterior and lateral injury radiograph
an excellent outcome, 2 (25.0%) had good outcomes, 2
(25.0%) had fair outcomes, and 3 (37.5%) had poor
outcomes.

Of the 10 patients, 4 required additional procedures after
IJS-E insertion (excluding returns to the operating room for
IJS-E explantation, as no additional procedures were per-
formed during explantation). These additional procedures
occurred an average of 231 days (SD ¼ 28) after IJS-E
implantation. Patient number 1 required a total elbow
arthroplasty 276 days after the index procedure because of
the development of post-traumatic arthritis. Patient number
5 required an MCL reconstruction 231 days after the index
procedure because of residual instability from coronoid
deficiency. Patient number 6 underwent a contracture
release and cubital tunnel release 213 days after the index
procedure as his elbow flexion/extension arc was 35�-90�

and he had decreased sensation in the ulnar nerve distri-
bution. Patient number 10 underwent an ulnar nerve
transposition, contracture release, excision of heterotopic
ossification, and capsular resection 203 days after the index
procedure. This treatment was indicated because of a lack
of motion in the flexion/extension arc (65�-90�). No post-
operative infections or neurovascular injuries occurred.
During the study period, no external hinged fixation devices
were used.
Discussion

This case series reviews the patients at our institution who
had an IJS-E placed to maintain concentric reduction of the
elbow joint in the setting of traumatic elbow instability. This
s of patient 5, who sustained a terrible triad injury.



Figure 2 Anteroposterior and lateral injury radiographs of patient 5 status post coronoid open reduction and internal fixation, radial head
arthroplasty, lateral collateral ligament repair, and IJS-E implantation. IJS-E, Internal Joint Stabilizer of the Elbow.

Figure 3 Intraoperative photographs of IJS-E placement. Marking of the capitellum center of rotation (left) and completed IJS-E im-
plantation (right). The patient was being treated for a chronic elbow dislocation, and thus required marked soft tissue releases. Typical
exposure for a case involving IJS-E implantation is much less than that depicted here. IJS-E, Internal Joint Stabilizer of the Elbow.

Outcomes for internal joint stabilizer elbow 5
device has eliminated the use of dynamic external fixators at
our institution. Postoperative motion is consistent with what
has been described for terrible triad injuries and complex
elbow dislocations. Range of motion following terrible triad
injuries has been considerably reviewed in the literature.
Motion in the flexion-extension plane has been reported
at 94�-99�,16 100�-119�,11 105�,22 109�,3,7 112�,17 and
120�.8 Motion in the pronosupination arc has been reported
at 115�-142�,7,16 130�-141�,11 134�,3 137�,8 146�,22 and
158�.17 For complex elbow dislocations, flexion-extension
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motion has been reported at 96� 19 and 120� 8 and pronosu-
pination motion at 142�.8 Using the IJS-E, Orbay
et al14 reported an average 119� of flexion-extension motion
and 152� of forearm rotation in 24 patients. Another series
of IJS-E patients found an average flexion-extension arc
of motion of 124� with an average of 11.3 months of
follow-up.18

Although elbow range of motion is an important indi-
cator of disability following injury, more thorough metrics
can yield greater insight into patients’ functional status.
The average DASH score of our series was 28.7, and the
average Broberg-Morrey score was 68.2. DASH scores for
patients with terrible triad injuries range from 15-
28.7.6,7,11,22 In patients in whom the IJS-E has been used,
DASH scores have been reported at 16-37.3.14,18 Broberg-
Morrey scores for patients following traumatic elbow
instability, including terrible triad injuries, have been re-
ported at 76-93.7,8,11,14,16,22 The DASH scores reported in
this series correspond with the values reported for terrible
triad injuries, and the Broberg-Morrey scores are slightly
lower. Our average Broberg-Morrey score, however, falls
into the same average Broberg-Morrey categorical rating as
in some other studies (poor, 60-79).7,22

Reoperation rate is an important metric to understand
with use of the IJS-E, as a primary indication for the device
(acute traumatic elbow stability) is itself associated with a
high rate of subsequent procedures. Four of the 10 patients
(40%) in this series underwent subsequent procedures
following IJS-E placement at an average of 231 days after
implantation, and a fifth patient will undergo a subsequent
procedure in the future. IJS-E removal was not considered a
subsequent procedure, as the guide for this device advises
explantation once elbow stability is achieved via bony and
ligamentous healing. Indications for our subsequent pro-
cedures included pain, joint subluxation, stiffness, and
ulnar neuropathy. Lindenhovius et al11 reported that terrible
triads treated acutely had a higher reoperation rate (28%)
than those treated subacutely (7%). Most of the
reoperations they report were indicated for stiffness or ulnar
neuropathy. In a systemic review of terrible triad studies,
Chen et al4 found that reoperation rates ranged from
0%-54.5%. Indications in these studies included persistent
instability, stiffness, pain, nonunion, infection, and ulnar
neuropathy. A case series of IJS-E use in 20 patients re-
ported a reoperation rate of 55% (11/20).18 It should be
noted, however, that the authors of the series anticipated
many of these reoperations as they were part of staged
procedures to regain motion not prioritized in the index
procedure. Regardless, the risk of reoperation is something
that should be discussed with patients before IJS-E
implantation.

Limitations of this study include its retrospective design
and small sample size. A prospective, randomized
controlled trial comparing the IJS-E to a hinged external-
fixator would allow for a better understanding of the ad-
vantages and disadvantages of each. An increased sample
size will come with time, as this is a relatively new implant
(US Food and Drug Administration approval was granted
in 2016). This study provides insight into the patient out-
comes of the IJS-E, a new addition to the trauma/upper
extremity surgeon’s armamentarium for traumatic elbow
instability. The IJS-E is a good option for use in patients
with traumatic elbow instability, as it restores motion and
function without immediate postoperative complication.
However, it does not eliminate the relatively high reoper-
ation rate associated with the injuries that necessitate
its use.
Conclusion
This study examined clinical outcomes of patients in
whom the Internal Joint Stabilizer of the Elbow (IJS-E)
was implanted. This device was used in the setting of
traumatic acute or chronic elbow instability cases, or to
augment fixation of fractures about the elbow when they
were felt to compromise concentric elbow joint reduc-
tion. The device provided adequate stability and range of
motion for patients without immediate postoperative
complications. However, it did not decrease the rela-
tively high reoperation rate associated with the complex
elbow injuries that it was employed to treat.
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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