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ABSTRACT

Objectives: In our study, we aimed to evaluate the effect of early surgical treatment on functional results in
the terrible triad of the elbow.

Methods: Fifty-four patients operated for the terrible triad of elbow (TTE) injuries were included in the study.
The study groups were determined as Group A (operated within 24 hours) and Group B (operated after one
week). The same surgical procedure and rehabilitation program were applied to all patients. The follow-up
period was 16.4 + 8.4, with a minimum of 6 months. In the last follow-up, the flexion-extension range and
supination-pronation interval were evaluated. Mayo Elbow Performance Score (MEPS) and Oxford Elbow
Score were used for functional scoring.

Results: There was no significant difference between the two groups in terms of age, gender, injury type, and
fracture classification. Elbow motion in group A was higher than in group B (p < 0.01). Moreover, group A
had better higher MEPS and Oxford Elbow Score, an excellent and good rate than group B at the final clinical
visit (p < 0.01). No postoperative pain or complication rate differences were found between the two groups.
Conclusions: Early operation for TTE patients resulted in better functional recovery than delayed operation.
Keywords: Terrible triad, elbow dislocation, early surgical treatment

islocation of the elbow accompanied by radial
head and coronoid fracture has been named by

plasty, coronoid fixation, and lateral collateral liga-
ment complex (LCLC) repair constitute the standard

Hotchkiss as a terrible triad of elbow [1]. Typically oc-
curs with axial and valgus trauma to the elbow while
the forearm is in supination [2, 3]. Surgical treatment
is required because it causes instability in the elbow
joint. Elbow fracture-dislocations are difficult to treat
and have poor outcomes [4]. The primary goal of treat-
ment is to provide stable fixation that will allow early
elbow movements. Radial head fixation or arthro-

treatment [5, 6]. Despite all treatment protocols, pain,
joint stiffness, instability, osteoarthritis are common
complications [7, 8]. The optimal time for surgical
treatment is controversial publications are reporting
that the frequency of joint stiffness is high in patients
operated after two weeks [9, 5]. In our study, we aimed
to show the effect of early surgical treatment on func-
tional results.
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METHODS

This study was started retrospectively with the ap-
proval of Istanbul Training and Research Hospital’s
Ethics Committee dated 06.12.2019 and numbered
2102. Fifty-four patients who were operated on with
a terrible triad of elbow between 2011 and 2019 were
included. Inclusion criteria are the following: (1)
Being over 18 years of age, (2) Previously normal
elbow functions, (3) No additional diseases affecting
joint movements, (4) Applying the same surgical pro-
tocol (combined medial-lateral approach), and (5) At
least 6 months of the follow-up period. The patients
were divided into two study groups those operated
within 24 hours (Group A) and those operated on after
one week (Group B). Group A consists of twenty-eight
patients and Group B consists of twenty-six patients.
Ten patients were operated on late due to delayed ad-
mission to the hospital and nine patients were operated
on late due to preoperative anesthesia preparation. In
addition, seven patients were operated on late due to
open fractures. Coronoid fractures were classified ac-
cording to Regan-Morrey classification, radial head
fractures according to Mason-Johnston classification.

Surgical Technique

Closed reduction and long arm splint were applied
to all patients after vascular and neurological exami-
nation in the Emergency Service. Fracture components
were determined by CT (computed tomography). In
standard therapy, coronoid fracture fixation, radial

head fracture fixation or arthroplasty, lateral collateral
ligament complex (LCLC) repair was performed using
a combined medial and lateral approach. Medial col-
lateral ligament (MCL) repair was also performed in
patients with persistent instability (Fig. 1).

Postoperative Care and Follow-up

A long arm splint was applied to all patients post-
operatively. Antibiotic prophylaxis was started for 72
hours. 25 mg indomethacin was continued for six
months, three times a day. In the follow-up in the sec-
ond week, the long arm splint was removed, surgical
sutures were removed, and an angle-adjusted elbow
brace was applied. Passive movements were initiated
in the 30°-90° flexion-extension range until the 1st-
month follow-up. Active flexion-extension and
supination-pronation exercises were started in the 1st
month. Bone union was followed by direct radiogra-
phy at every control. Flexion-extension, supination-
pronation range were recorded during his follow-up
for at least six months. Mayo Elbow Performance
Score (MEPS) and Oxford Elbow Score were used for
functional scoring. Complications and visual analog
scale (VAS) pain scale were recorded (Fig. 2).

Statistical Analysis

SPSS 22.00 program was used for data analysis.
Mean, standard deviation and ratio were used in the
descriptive statistics of the data. Kolmogorov-
Simirnov test was performed for the distribution of
variables. The Mann-Whitney U test was used for the

Fig. 1. (a, b) preoperative X-ray scans show that terrible triad of elbow, (c, d) postoperative X-ray scans show that anatom-

ical repair of bony and soft structures.
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Fig. 2. Clinical photos at 12 months after surgery reveal excellent clinical outcomes.

analysis of quantitative independent data, and the Chi-
square test or Fisher test was used for the analysis of
qualitative independent data. The statistical signifi-
cance level was determined as p < 0.05.

RESULTS

Fifty-four patients, including 40 men and 14 women,
were included in the study. The patients who operated

Table 1. Preoperative data among two groups

within 24 hours were determined as Group A (n = 28),
and the patients who operated after one week as Group
B (n=26). Group A had twenty male and eight female
patients, and Group B had twenty male and six female
patients. The mean age was 40.14 + 11.6 years in
Group A, and 38.5 £ 14.8 years in Group B. According
to the cause of trauma, 18 (33.3%) patients were ad-
mitted to the emergency service after a traffic accident,
24 (44.4%) patients with a fall from a height, and 12
(22.2%) patients with a simple fall. Thirty-two

Group A Group B p value
Gender (Male/Female) 20/8 20/6 0.645
Age (Years) 40.14 +11.6 38.5+14.8 0.861
Injury 0.196
Traffic accident 12 6
Fall from height 12 12
Simple fall 4 8
Left/Right 16/12 16/10 0.743
Regan-Morrey 0.037
I 16 6
1T 8 12
11 4 8
Mason-Johnston 0.355
I 14 8
11 8 10
I 6 8
Follow-up (Months) 18.4 £ 8.6 16.3+8.5 0.445
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(59.2%) patients were operated on the left elbow and
22 (40.9%) on the right elbow. According to the
Regan-Morrey coronoid fracture classification, 22
(40.7%) patients were typed 1, 20 (37%) patients were
typed 2, and 12 (22.2%) patients were type 3. Accord-
ing to the Mason-Johnston Radius head fracture clas-
sification, 22 (40.7%) patients typed 1, 18 (33.3%)
patients typed 2, and 14 (25.9%) typed 3. Our average
follow-up period was 16.4 £ 8.4 months, at least 6
months (Table 1).

Elbow Functional Outcomes

Patients in group A showed better elbow flexion-
extension and forearm rotation recovery than those in
group B (range of elbow flexion-extension 135 + 18.7
to 117.7 £ 10.1, p <0.01; forearm rotation 160 + 28.5
to 132.3 £19.6, p <0.01) (Table 2).

In addition, at the final clinical visit, the total
MEPS (94.2 +9.3t0 86.1 £7.4, p <0.01) and Oxford
Elbow scores (44.2 + 5.5 t0 38.9 £ 4.4, p <0.01) in
group A was higher than group B which indicates that
op—erations performed earlier were associated with re-
gaining better elbow function (Table 3).

In Group A, two patients had osteoarthritis, one

Table 2. Comparison of joint range motion
among two groups

Flexion- Supination-
Extension Range Pronation Range
(Mean + SD) (Mean = SD)
Group A 135+18.7 160 +28.5
Group B 117.7 +10.1 132.3+19.6
p value <0.01 <0.01

SD = standard deviation

Table 3. Comparison of MEPS and Oxford
elbow score

MEPS Oxford Elbow Score
(Mean £ SD) (Mean £ SD)
Group A 942+93 442 +5.5
Group B 86.1+74 389+44
p value <0.01 <0.01

MEPS = Mayo elbow performance score, SD = standard
deviation

patient had heterotopic ossification, and five patients
had joint stiffness. In group B, three patients had os-
teoarthritis, one patient had ulnar nerve deficit, two
patients had heterotopic ossification and six patients
had joint stiffness. The VAS score was 2.71 £ 1.38 in
group A and 3.38 + 1.12 in group B (Table 4).

DISCUSSION

Terrible triad of elbow are injuries that damage bone
and ligament structures, leading to instability [7, 10,
11, 2]. Therefore, almost every patient requires surgi-
cal treatment [5, 12, 13]. The treatment protocol is
generally radial head fixation or arthroplasty, coronoid
fracture fixation, LCLC repair, and MCL repair in pa-
tients with persistent instability [14-17]. Despite all
treatment protocols and ideal bone and soft tissue re-
constructions, they are injuries with high complication
rates [4, 18, 19].

Complex elbow dislocations are complicated in-
juries that are challenging to treat; however, not all of
these injuries are equivalent. Understanding elbow
biomechanics and the mechanism of injury provides
valuable insight into the variations of pathology that
may be observed. Identification of the particular frac-
ture pattern encountered helps guide appropriate treat-
ment. Systematic protocols to address these injuries
have resulted in improved functional outcomes
through the optimization of elbow stability and artic-
ular congruency. Although results are often acceptable,
complex elbow dislocations still frequently result in
residual elbow stiffness and arthrosis. Further investi-
gation into methods of fixation following complex

Table 4. Complications and VAS score among
two groups

Group A Group B )/,

value

Osteoarthritis 2 3 0.663

Nerve deficit 0 0.481

Heterotopic 1 2 0.604

ossification

Elbow stiffness 5 6 0.634

VAS 271+138 3.38+1.12 0.33

VAS = visual analog scale
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elbow dislocations should continue the trend of im-
proved patient outcomes [8].

When the literature is reviewed, there is a consen-
sus about better results in early surgical treatment.
McKee ef al. [5] reported in their study that the inci-
dence of joint stiffness was low in the early surgical
treatment group. Lindenhovius et al. [9] in their study
with 36 patients, two study groups were determined
as those who were operated on within two weeks
(acute) and those who operated on for more than three
weeks (subacute). The same surgical protocol was ap-
plied to all patients. A better flexion-extension arc was
found in the study group compared to the control
group [9]. Zhou et al. [20] evaluated fifty-eight TTE
patients by dividing them into three study groups.
Group A was determined to be operated on within 24
hours (emergency), Group B operated between 24
hours and two weeks (early) and Group C operated
after two weeks (delayed). The same surgical protocol
was applied to all patients. Range of motion was com-
pared between the groups at the first, third and sixth-
month follow-up. MEPS was used for functional
scoring at the sixth-month controls. While there was
no significant difference between the emergency and
early operated groups in the long-term controls, a bet-
ter range of motion was observed in both groups com-
pared to the delayed operated groups [20]. The clinical
difference between early and late surgical treatment
may be due to the alteration of soft tissues. Fracture
hematoma occurs early in the injury, soft tissues be-
come congestive. Inflammatory mediators are released
between 24-48 hours and the process of necrosis be-
gins with cell degeneration. This chain can be broken
with early surgical treatment. In addition, as time
passes, capsule contracture and muscle atrophy begin
to appear. This makes it difficult to gain range of mo-
tion. In addition, soft tissues and bone fragments can
be better identified in early surgical treatment, which
benefits anatomical reduction and fixation. After the
good repair of bone and soft tissues, patients can start
their functional exercises early.

The general approach in open fractures is to wait
for wound healing after wound debridement. This can
prolong the time to surgery and lead to poor results.
However, studies have shown that Gustilo type 1 and
2A are more common in open elbow dislocations [20,
21]. In our study, four patients in Group A had Gustilo
tip 1 open elbow injury. We performed urgent debride-

ment and repair operation within 24h but wound in-
fection did not develop in any patient. Therefore, open
terrible triad of elbow can be treated early after com-
plete debridement.

CONCLUSION

In summary, terrible triad of elbow has many compli-
cations and poor prognosis. There are many factors
that effect the results. The common opinion for good
results is to achieve stable joint and early rehabilita-
tion. When the literature is reviewed, there are no
comprehensive studies examining studies the effect of
time to surgery on outcomes in terrible triad of elbow.
In our study, we showed that early operation for TTE
patients resulted in better functional recovery than de-
layed operation. Although it varies according to the
wound condition in open TTE patients, closed TTE
patients should have an early operation.

Authors’ Contribution

Study Conception: BA, EC, SS; Study Design:
BA, EC, SS, AD; Supervision: BA, EC, SS; Funding:
EG; Materials: BA, SS; Data Collection and/or Pro-
cessing: BA, SS; Statistical Analysis and/or Data In-
terpretation: BA, SS; Literature Review: BA, EC;
Manuscript Preparation: BA, EC and Critical Review:
SS.

Conflict of interest
The authors disclosed no conflict of interest during
the preparation or publication of this manuscript.

Financing
The authors disclosed that they did not receive any
grant during conduction or writing of this study.

Acknowledgments
We thank Murat Eren, M.D. for editorial checks
and comments.

REFERENCES

1. Hotchkiss R. Fracture and dislocation of the elbow. In: Rock-
wood CA, Green DP, eds., Rockwood and Green’s Fractures in
Adults, 4th ed., Lippincott: Philadelphia, 1996.

2. Mathew PK, Athwal GS, King GJW. Terrible triad injury of

The European Research Journal « Volume 9 « Issue 4 « July 2023

741



Eur Res J 2023;9(4):737-742

Terrible triad of elbow

the elbow: current concepts. J Am Acad Orthop Surg
2009;17:137-51

3. Kani KK, Chew FS. Terrible triad injuries of the elbow. Emerg
Radiol 2019;26:341-7.

4. Chen HW, Liu GD, Wu LJ. Complications of treating terrible
triad injury of the elbow: a systematic review. PLoS One
2014;9:e97476.

5. Pugh DMW, Wild LM, Schemitsch EH, King GJW, McKee
MD. Standard surgical protocol to treat elbow dislocations with
radial head and coronoid fractures. J Bone Joint Surg Am
2004;86:1122-30.

6. Schneeberger AG, Sadowski MM, Jacob HAC. Coronoid
process and radial head as posterolateral rotatory stabilizers of
the elbow. J Bone Joint Surg 2004;86:975-82.

7. Jeong WK, Oh JK, Hwang JH, Hwang SM, Lee WS. Results
of terrible triads in the elbow: the advantage of primary restora-
tion of the medial structure. J Orthop Sci 2010;15:612-9.

8. Wyrick JD, Dailey SK, Gunzenhaeuser JM, Christopher
Casstevens E. Management of complex elbow dislocations: a
mechanistic approach. J Am Acad Orthop Surg 2015;23:297-306.
9. Lindenhovius ALC, Jupiter JB, Ring D. Comparison of acute
versus subacute treatment of terrible triad injuries of the elbow.
J Hand Surg Am 2008;33:920-8.

10. Pierrart J, Bégué T, Mansat P. Terrible triad of the elbow:
treatment protocol and outcome in a series of eighteen cases. In-
jury 2015;46 Suppl 1:S8-12.

11. Ostergaard PJ, Tarabochia MA, Hall MJ, Dyer G, Earp BE,
Blazar P, et al. What factors are associated with reoperation after
operative treatment of terrible triad injuries? Clin Orthop Relat
Res 2021;479:119-25.

12. Domos P, Griffiths E, White A. Outcomes following surgical

management of complex terrible triad injuries of the elbow: a sin-
gle surgeon case series. Shoulder Elb 2018;10:216-22.

13. Najd Mazhar F, Jafari D, Mirzaei A. Evaluation of functional
outcome after nonsurgical management of terrible triad injuries
of the elbow. J Shoulder Elb Surg 2017;26:1342-7.

14. Zhang J, Tan M, Kwek EBK. Outcomes of coronoid-first re-
pair in terrible triad injuries of the elbow. Arch Orthop Trauma
Surg 2017;137:1239-45.

15. Papatheodorou LK, Rubright JH, Heim KA, Weiser RW,
Sotereanos DG. Terrible triad injuries of the elbow: does the coro-
noid always need to be fixed? Clin Orthop Relat Res
2014;472:2084-91

16. Chemama B, Bonnevialle N, Peter O, Mansat P, Bonnevialle
P. Terrible triad injury of the elbow: how to improve outcomes?
Orthop Traumatol Surg Res 2010;96:147-54.

17. Schindelar LE, Sherman M, Ilyas AM. Comparison of surgi-
cal techniques for fixation of terrible triad injuries of the elbow:
a meta-analysis. Orthopaedics 2020;43:328-32.

18. Vovos T, Blizzard DJ, Garrigues G. Management of terrible
triad injuries of the elbow. Duke Orthop J 2015;5:28-34.

19. Shukla DR, Pillai G, McAnany S, Hausman M, Parsons BO.
Heterotopic ossification formation after fracture-dislocations of
the elbow. J Shoulder Elb Surg 2015;24:333-8.

20. Zhou C, Lin J, Xu J, Lin R, Chen K, Sun S. Does timing of
surgery affect treatment of the terrible triad of the elbow? Med
Sci Monit 2018;24:4745-52.

21. Schnetzke M, Porschke F, Kneser U, Studie5r-Fischer S,
Griitzner P-A, Guehring T. Functional outcomes and complica-
tions of open elbow dislocations. Obere Ekstrem 2018;13:204-
10.

This is an open access article distributed under the terms of Creative Common
@ @ @ Attribution-NonCommercial-NoDerivatives 4.0 International License.
BY NC ND

742

The European Research Journal « Volume 9 « Issue 4« July 2023


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

