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ABSTRACT

Objectives: To evaluate the epidemiology of and surgi-
cal results from treating elbow fracture-dislocations, in-
cluding only the cases in which dislocation is associated
with fracture of the coronoid process and the radial head
(terrible triad). Methods: Nineteen patients were evalua-
ted: 12 males and 7 females. The medical records were
analyzed to gather data about the mechanism of injury,
fracture pattern, time elapsed until surgery and type of pro-
cedure applied. A clinical assessment was made to measure
elbow range of motion, and the MEPS questionnaire was
applied. Results: The most common mechanism of injury
in our sample was a fall from a height (12 patients). All
the patients underwent surgical treatment and the mean
time elapsed between the date of the injury and the surgery
was 16.1 days. The mean follow-up was 50.3 months. The
mean range of flexion-extension obtained was 112° and the

mean range of pronation-supination obtained was 127.9°.
The mean score from the MEPS questionnaire was 86
points, and excellent and good results were obtained for
15 patients (79%). The time elapsed until surgery, final
flexion-extension range greater than 100° and flexion con-
tracture of less than 30° were shown to have a statistically
significant relationship with a good final clinical result.
Five patients had complications, of which three cases re-
lated to peripheral nerves, one case to pseudarthrosis and
one case to recurrent instability. Conclusions: Despite the
severity of the injuries found in the terrible triad of the
elbow, most of the patients evaluated here achieved elbow
stability with good clinical results. The factors that led to
better clinical results were surgery not more than 14 days
after the injury, flexion-extension range greater than 100°
and flexion contracture less than 30°.
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INTRODUCTION

The elbow is one of the most stable joints in the
skeleton, but when one or more parts of its architectu-
re are injured in the presence of dislocation, the risk of
recurrent instability or arthrosis becomes high". The
term “terrible triad” is used to describe dislocation of
the elbow associated with fracturing of the radius and
the coronoid process. This name is used because of
the resulting instability from this injury, which leads
to difficulty in managing such cases, even among ex-
perienced surgeons®?).

The terrible triad commonly occurs in young pa-
tients. Among its complications are limitation of the
range of motion, persistent instability, delayed conso-
lidation, pseudarthrosis and proximal radioulnar sy-
nostosis. The results from conservative treatment are
generally poor and evolve to arthrosis, recurrent insta-
bility or great stiffness of the elbow due to prolonged
immobilization"®. Although the elbow is the second
most frequently dislocated joint in the body, this injury
pattern is very uncommon and little information on its
treatment has been published in the literature®.
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The present study had the aim of reviewing cases
of elbow fracture-dislocation that fit within the spec-
trum of the terrible triad. An analysis on its epidemio-
logy, the treatment methods used and the clinical and
radiographic results was made.

SAMPLE AND METHOD

After investigating in the nosology sector of the
teaching hospital (Hospital de Clinicas) of the Federal
University of Uberlandia, MG, we found records rela-
ting to 35 skeletally mature patients with a diagnosis
of elbow dislocation in association with fracturing of
the coronoid process and head of the radius (Figure 1).
These patients underwent surgical treatment between
January 1999 and January 2008, with as minimum
postoperative follow-up of two years. Out of this total,
14 patients could not be located to make a new clini-
cal assessment, one patient had died and one patient
was excluded from the group because the presentation
was elbow dislocation plus Monteggia fracture. In this
manner, 19 patients remained in the group.
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Figure 1 — Lateral-view radiograph of elbow, demonstrating

“terrible triad”.

Thus, a retrospective analysis on the medical fi-
les was made, to gather data relating to sex, age,
trauma mechanism, classification of the radial frac-
ture according to Mason®, classification of the co-
ronoid process according to Regan and Morrey'®,
side affected (dominant or non-dominant), time taken
to perform surgery, treatments administered to the
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radial head and coronoid process, and complications
presented. As done by Lindenhovius et al”, we took
acute treatment to mean surgery that was done within
14 days of the injury.

The patients in this study were always operated
by two surgeons out of a group of five orthopedists
who were all members of the upper-limb service of
the Federal University of Uberlandia. The surgical
technique used began with lateral entry (Kocher) to
access the head of the radius and perform the tre-
atment most indicated for this type of fracture, i.e.
excision of the fragment provided that its absence
would not harm the stability, or if this was impos-
sible, fixation of the fragment; osteosynthesis when
possible; and arthroplasty, in comminuted fractures
without the possibility of fixation. Following this,
we assessed the stability of the elbows in which we
found type 1 coronoid fractures. If these were sta-
ble, we simply sutured the lateral ligament complex
using non-absorbable sutures with anchors or with
transosseous sutures. If they were unstable, we then
performed fixation on the fractures. In cases of type
2 or type 3 coronoid fractures, we performed fixation
routinely on this structure, through the same lateral
incision in cases that required excision of the head of
the radius, or otherwise through a medial access. If
the instability persisted, the medial soft tissues were
reconstructed, also using non-absorbable sutures with
anchors. The patients were immobilized for two weeks
after the operation, using a brace from the axilla to
the palm with the elbow at 90 degrees of flexion and
neutral pronosupination. After this, all the patients
were sent for physiotherapy.

ASSESSMENT

The patients were evaluated clinically by means
of MEPS (Mayo Elbow Performance Score)®, which
quantifies pain, mobility, stability and function,
classifying the results through a scoring system in
which 90 to 100 points is considered excellent; 75
to 89, good: 60 to 74, fair; and less than 60, poor.
In addition, goniometry was used to measure the
flexion, extension, pronation and supination of the
affected limb. In the imaging assessment, radiographs
were produced in anteroposterior and lateral views on
the operated elbow.
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A statistical assessment was made by applying
Student’s t test, taking the significance level as p <
0.05. The parameters evaluated were the type of frac-
ture, side affected, range of motion, time elapsed until
surgery and clinical result obtained according to MEPS.

RESULTS

The majority of the patients were male (twelve
men and seven women) and the mean age was 48
years (range: 19 — 70). Regarding the side affected,
the fracture was on the dominant side in eleven pa-
tients and in the non-dominant side in eight patients.
The trauma mechanisms most commonly encountered
were, respectively, falls from a height, motor (Box 1).

Box 1 — Epidemiological data.

Gender
Male 12
Female 7

Dominant side affected 11 (58%)
48.0 (19-70) years
50.3 (25-108) months

16.1 (1-60) days

Mean age

Mean follow-up

Mean time elapsed until surgery

Trauma mechanism

Fall from height 12 (63%)

Motorcycle accident 3 (15%)

Bicycle accident 2 (11%)

Fall from own height 2 (11%)

Fracture of radial head

Mason 1 0

Mason 2 8 (42%)

Mason 3 11 (58%)

Fracture of coronoid process

Reagan and Morrey 1 11 (58%)

Reagan and Morrey 2 6 (31%)

Reagan and Morrey 3 2 (11%)

In the initial radiographic assessment, most of
the fractures of the head of the radius were of type 3
(58%) and type 2 (42%), according to Mason’s classi-
fication, while no fractures of type 1 were found. Re-
garding fractures of the coronoid process, most of the
fractures were of type 1 (58%), while six (31%) were
type 2 and two (11%) were type 3, according to the
classification of Regan and Morrey. The mean length
of follow-up was 50.3 months, with a range from 25
to 108 months, and the mean time elapsed between
the accident and performing the surgery was 16.1 days
(range: 1 — 60). The fractures of the head of the radius

Rev Bras Ortop. 2011;46(4):374-79

were treated using a metal prosthesis for the head of the
radius in 10 patients (Figures 2, 3, 4 and 5). In another
seven patients, open reduction and internal fixation
was performed (screw with or without a plate). For
the remaining two patients, the fractured fragment
was resected. In treating the coronoid process, nine
patients were treated without fixation of the fragment,
and the other nine patients underwent suturing alone
or in association with another fixation method (anchor
or screw). In one patient, a plate was placed on the
ulna because of the extent of the fracture (Box 2).
In the final radiographic evaluation, we found that
ten patients had evolved with calcifications surroun-
ding the elbow. Clinically, the patients were evaluated
using the final range of motion (flexion/extension and
pronation/supination) and MEPS (Box 3). The final
flexion/extension was 112° + 28°, the mean contrac-
ture in flexion was 24.3° + 20° and the mean flexion

Figures 2 and 3 — Radiographs demonstrating fractures of the
head of the radius and coronoid, and subluxated elbow, after
reduction of a terrible triad of the elbow.

Figures 4 and 5 — Radiographs demonstrating the postoperative
result, with placement of a metal prosthesis in the head of the
radius and lateral ligament suturing, with anchors.
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Box 2 — Treatment instituted for fracture of the radial head,
fracture of the coronoid process and injury of the ulnar nerve.

Treatment for the radial head
Excision of the fragment 2 (11%)
Open reduction with internal fixation 7 (37%)
Prosthesis 10 (52%)
Treatment for the coronoid
Conservative 9 (49%)
Suture 2 (11%)
Suture with anchor 6 (30%)
Suture + screw 1 (5%)
Plate on the ulna 1 (5%)
Procedure for ulnar nerve 0
Box 3 — Functional results.
Mean flexion/extension 112°
Mean pronosupination 127.9°
Mean contracture in flexion 24.3°
Mean maximum flexion 131.8°
Functional ROM 10 (55%)
Calcifications 10 (55%)
Results from MEPS
Mean 86.05 (55 — 100)
Excellent (> 89) 10
Good (75 - 89)
Fair (60 - 74)
Poor (< 60)

was 131.8° £ 15°. In relation to pronation/supination,
the final mean was 127.9° + 48°. The functional range
of motion, determined in accordance with the criteria
of Morrey et al® (flexion-extension of at least 30-
130° and pronation-supination of at least 100°), was
obtained in the cases of ten patients. The mean from
the MEPS questionnaire was 86 points, and this as-
sessment produced ten excellent, five good, three fair
and two poor results.

In comparing the fracture patterns of the head of
the radius and the coronoid, the treatment applied,
the side affected and the trauma mechanism with the
clinical result (MEPS), no statistically significant cor-
relation was found. In relation to the time elapsed
until surgery, the patients who underwent operations
not more than 14 days after the trauma achieved cli-
nical results that were statistically significantly better
than those of the patients operated after more than
14 days had elapsed (p = 0.039). There was no sta-

tistically significant difference between the patients
who presented a functional range of motion and those
who did not, in relation to the clinical result. Ho-
wever, in evaluating each movement separately, the
patients who achieved flexion/extension greater than
100° had better results than those shown by patients
with flexion/extension less than 100° (p = 0.002).
No such difference was found in assessing patients
with pronation/supination greater than or less than
100°. In assessing flexion and extension separately,
it was observed that the patients with flexion greater
than 130° did not obtain better results than did those
with flexion less than this value. In assessing the final
extension (or contracture in flexion), it was observed
that the patients with contracture in flexion that was
less than 30° achieved results that were statistically
better than did those with contracture greater than 30°
(p = 0.000) (Table 1).

Table 1 — Statistically significant data in relation to MEPS.

Time elapsed until Flexion/ . .
. Final extension
surgery extension
<14 days|>14 days|<100| >100 | <30 | >30
No. of cases 10 9 7 12 14 5
MEPS 93.5 77.78 70 95.42 | 93,57 65
p value 0.039 0.002 0.000

With regard to complications, one patient who
initially underwent fixation of the head of the radius
using a plate evolved to pseudarthrosis, and the syn-
thesis was then converted to arthroplasty. This pa-
tient evolved well and presented MEPS of 80 points,
six years after the operation. Another patient initially
underwent partial resection of the head of the radius
and evolved acutely with instability. Arthroplasty was
performed ten days later. This case evolved poorly,
with MEPS of 60 points, four years after the opera-
tion. This individual had not done the rehabilitation as
prescribed. We included this patient in the arthroplas-
ty group because of the time at which the treatment
was changed. Neurological complications were more
common in our sample, with three cases of peripheral
neurological impairment. One patient presented neu-
ropraxia of the ulnar and median nerves during the
immediate postoperative period, but evolved with full
recovery achieved around one year after the operation.
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Another patient evolved with symptoms of ulnar ner-
ve compression, one year after the operation, pre-
senting hypoesthesia of the ring finger and smallest
finger of the affected limb. This patient is awaiting
a procedure to release the ulnar nerve. Another pa-
tient presented an iatrogenic lesion on the posterior
interosseous nerve during the surgery, and underwent
neurorrhaphy with a graft from the sural nerve. This
patient did not recover extensor muscle function and
is awaiting a procedure for tendon transfer.

DISCUSSION

The terrible triad of the elbow is a severe injury
that is very difficult to treat. It often evolves with loss
of elbow range of motion. The most common trauma
mechanism found within our setting was a fall from a
height, in which the impact occurred with the elbow
and hand extended. The recommended treatment is
surgical, given that conservative treatment has proven
to be ineffective, evolving in most cases with recur-
rent instability®.

Type 3 fractures of the coronoid are considered to
be the most difficult type to treat. If done adequately,
this restores elbow stability®!%!D, In relation to type
1 fractures, some authors have taken the view that
regardless of fracture magnitude, fixation of coronoid
fractures improves the clinical results, but it is unclear
to what extent the diminution of elbow stability can
be fully correlated with a small fracture®'?. Open
reduction and internal fixation of coronoid fractu-
res in the terrible triad is considered to be the most
common treatment, but in this case series conservative
treatment was applied to a number of patients similar
to the number of surgical cases (49%), and none of the
patients had recurrent instability!>. We believe that
the stability achieved was due to appropriate selection
of cases for conservative treatment, which was only
applied to type 1 fractures.

The head of the radius is an important secondary
stabilizer of the elbow against valgus loading and
posterior translation. With the rupturing of the me-
dial ligament complex that commonly occurs in the-
se lesions, the head of the radius comes to have an
even more important role as a stabilizer of the elbow
against valgus stress''¥). Resection of this structure in
patients with fracture-dislocation may lead to insta-
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bility and arthrosis!>!®. Every effort should be made
towards attempting to maintain the head of the radius,
either through osteosynthesis or through arthroplasty,
which were the methods used in 85% of the patients
evaluated. Just like in the coronoid, very small frag-
ments of the head of the radius that it was impossible
to fix, and which did not interfere with the stability
of the elbow, were resected (10%) or were treated
without fixation (5%).

Reconstruction of the soft tissues is also funda-
mental for treating the terrible triad. In our protocol,
we chose to perform systematic reconstruction of the
lateral soft tissues preferentially through reinsertion
using anchors (Figures 2, 3, 4 and 5). In relation to the
medial collateral ligament, it is believed that main-
tenance of a well reduced and stable elbow promo-
tes healing of this ligament. This was suggested by
Josefsson et al'” who conducted a randomized pros-
pective study among patients with simple dislocation
of the elbow and observed that those who underwent
surgical repair of the medial ligament complex evol-
ved similarly to those who were treated conservative-
ly. Forthman et al'® prospectively assessed patients
with fracture-dislocation of the elbow and did not per-
form repairs on the medial collateral ligament in cases
in which stability was achieved after reconstruction of
the fractures and the lateral collateral. They concluded
that stability and satisfactory elbow function could
be restored without repairing the medial collateral
ligament in most cases of fracture-dislocation. Thus,
ruptures of the medial collateral ligament are the last
injury to be repaired, and this is done only in cases
in which the elbow remains unstable after fixation of
the fractures and lateral soft tissues!”.

Among the complications described were recurrent
instability and calcifications. Even with an adequate
surgical technique, instability may occur because of
poor-quality bone and/or soft tissue, major commi-
nution of the fracture or lack of cooperation from
the patient after the operation. This situation is bet-
ter treated by means of ligament reconstruction in
association with a complementary articulated exter-
nal fixator than by prolonged immobilization in fle-
xion!, If an incongruent elbow is maintained, this
situation may evolve with pain, stiffness and even
joint degeneration. Instability may also be manifested
later on, as a consequence of this lesion, and it should
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be treated!¥. Heterotopic ossification and calcifica-
tion in the elbow are common after treatment of the
terrible triad. Pugh et al'® did not observe any signi-
ficant difference in the rates of heterotopic ossifica-
tion and synostosis between patients who were users
and nonusers of indomethacin. We chose not to use
prophylactic indomethacin in our orthopedics servi-
ce, because the efficacy of this measure in the elbow
remains unproven®?).

The terrible triad of the elbow is a difficult-to
manage injury and, even with appropriate treatment,
it is only rarely possible to achieve a normal elbow
after the treatment®?. The mean range of flexion-
-extension of 113° and the mean contracture in fle-
xion of 24° showed us that limitations on the range
of motion are common findings in treating this injury.
Although only slightly more than half of the patients
(55%) continued to have a functional range of motion
(55%), the final mean MEPS was 86 points, with 16
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