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ABSTRACT

Background: The optimal treatment of radial head component in the terrible triad injuries of the
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Objectives: Comparison of radial head resection with radial head fixation in terrible triad.

Methods: In the present retrospective study, the outcome of terrible triad injury in 41 patients, in
whom the radial head component was managed with either radial head resection (n=28) or open
reduction and internal fixation (n=13), was compared. The subjective assessments of the outcome
included Visual Analog Scale (VAS) for pain, the Mayo Elbow Performance Score (MEPS),
and the Disabilities of the Arm, Shoulder, and Hand (DASH) score. The objective assessment of
outcome included the evaluation of elbow Range of Motion (ROM) and elbow stability.

Results: The Mean+SD age of the patients was 39.2+10.2 years. The demographic characteristics of
the patients of the two study groups were not statistically different. The mean supination/pronation
arc of motion was not significantly different between the two study groups (P=0.11). The mean
flexion/extension arc of motion was significantly more in the fixation group (P=0.001). The mean
MEPS and DASH scores were not significantly different between the study groups (P=0.22 and
P=0.49, respectively). The mean VAS was significantly more in the fixation group (P=0.04). All the
elbows were stable at the last follow-up. The postoperative complications (arthrosis and heterotopic
ossification) were considerably more in the resection group.

Keywords: Conclusion: Although comparable at function, the present study favors the radial head fixation
Terrible triad, Radial head, : whenever possible to avoid the postoperative complications of radial head reaction.
Resection, Fixation
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1. Introduction

lbow injury is associated with a wide
range of pathologies [1]. The “terrible
triad” term is referred to the fracture-
dislocations of the elbow with 3 concur-
rent injuries: posterior elbow dislocation,
coronoid process fracture, and radial head
fracture [2, 3]. It is one of the most com-
plex injuries of the elbow, and the outcome has been
historically poor with several post-treatment complica-
tions such as persistent pain, posttraumatic arthrosis,
contractures, instability, and functional limitations [4].
Even so, recent therapeutic advances in the management
of terrible triad have demonstrated more promising re-
sults than the previous studies [5-7].

The radial head component of the terrible triad has
been traditionally addressed with arthroplasty or Open
Reduction and Internal Fixation (ORIF) depending on
the severity of the comminution [8]. The radial head
replacement can result in similar elbow stability and
overall outcomes compared to radial head repair [9].
Recently, radial head resection has been introduced as
a substitute for the radial head prosthesis in the manage-
ment of severely-comminuted radial head in a terrible
triad setting and has shown to provide similar results
to arthroplasty [10]. However, no study has been per-
formed to compare the results of radial head resection
with radial head fixation.

In this study, we aimed at comparing the functional
outcome and complication rates of radial head resection
with radial head fixation in a cohort of patients with ter-
rible triad injury of the elbow.

2. Methods

The review board approved this survey of our institute.
Written informed consent was obtained from the patients
to use their medical data for publication. In a retrospec-
tive study, patients who were referred to our center with
a terrible triad injury of the elbow between 2010 and
2015 and their radial head fractures were treated with
either resection or ORIF, were evaluated for eligibility to
include in the current study. Patients would be excluded
if they were not available for the final assessment (6 pa-
tients) or did not follow the postoperative protocol (2 pa-
tients). Patients with a follow-up of fewer than 6 months
were excluded from the study, as well (2 patients). The
radial head was treated with ORIF in 13 patients and
with resection in 28 patients. A subset of the study popu-
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lation in the resection group was already presented in
another context [10].

We used the Regan-Morrey system for the classification
of coronoid fractures and Mason system for the classi-
fication of radial head fractures [11, 12]. The functional
outcome was assessed subjectively, using a Visual Analog
Scale (VAS) for pain, the Mayo Elbow Performance Score
(MEPS), and the Disabilities of the Arm, Shoulder, and
Hand (DASH) score [13, 14]. The functional outcome was
also evaluated objectively, using the evaluation of elbow
Range of Motion (ROM) (supination, pronation, exten-
sion, and flexion) and chair-raise test of stability [15]. The
subjective and objective assessments were done by inves-
tigators who were blinded to the type of treatment.

For the assessment of radiographic outcome, standard
anteroposterior and lateral radiographs were obtained in
the last evaluation session. The radiographic evaluation
of outcome included the assessment of union (monitor-
ing the bony callus formation), humeroulnar arthrosis
(Broberg and Morrey classification), Heterotopic Os-
sification (HO) according to Hastings and Graham, and
synostosis [16, 17]. The radiographic assessments were
done by a musculoskeletal radiologist and a hand sur-
geon, who was not involved in the study.

After the primary closed reduction performed at our or
other centers, the arm was immobilized in a dorsal long
arm splint until the date of operation. Before the opera-
tion, the injury pattern was evaluated using plain radio-
graphs and computed tomography scans.

In the operation theater, under the general anesthe-
sia, the patients were positioned at the supine position.
Then, an upper-arm pneumatic tourniquet was applied.
Through the lateral Kocher approach, the coronoid frac-
ture was managed first, using transosseous fixation with
a FiberWire suture No 2. Large coronoid fractures were
treated with ORIF through a medial approach.

The severely-comminuted radial head fractures were
managed with resection. After the resection of the ra-
dial head, a pull test was used to ensure the absence of
the Essex-Lopresti [18]. In this respect, the migration of
more than 6 mm under a proximal force of 90 N was
considered to the presence of interosseous membrane
injury and Essex-Lopresti lesion. No positive pull test
was noticed at this step. The medial collateral ligament
was repaired in all patients who were treated with radial
head resection to prevent valgus instability. At the end of
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the operation, the fluoroscopy and plain portable radio-
graphs were obtained to check the quality of the reduc-
tion and stability of the elbow. The clinical stability was
checked on the operating table, using varus/valgus stress
and gravity test [19].

Radial head fractures would be treated with ORIF if
not severely comminuted. In this respect, countersunk
small-fragment screws or headless compressions screws
were used for the fixation of Mason II fractures, while
modular plates were used for the fixation of Mason III
fractures. If the elbow instability was not resolved at this
point, the surgeon would proceed to repair the medial
collateral ligament, using a heavy braided nonabsorb-
able suture.

Postoperatively, the patients’ elbows were immobi-
lized in a long arm splint in 90° flexion and neutral
forearm rotation for 1 week. At this period, intermittent
active ROM exercise was initiated from 90° up to full
flexion as tolerated. The splint was removed at the end
of the second week, and physical therapy was started
for active ROM. The extension was planned to be ex-
tended by 10° per week.
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All the statistical evaluations were performed in SPSS
V. 16 for Windows. Descriptive statistics were provided
as Mean+SD or number and percentage. A comparison
of the mean values between the two study groups was
performed with the independent-samples t-test or its
nonparametric equivalent (Mann-Whitney U test). As-
sociation between qualitative variables was calculated
with the Chi-squared test. The P<0.05 was considered as
significance level.

3. Results

The outcome of 41 patients with terrible triad injury
of the elbow was evaluated in this study. The Mean+SD
age of the patients was 39.2+10.2 years. Falling was the
most frequent cause of injury (35 patients), followed by
motor vehicle accidents (4 patients). The radial head
fracture was resected in 28 patients and managed with
ORIF in 13 patients. The associate injury was present
in 11 patients of the resection group and 1 case of the
ORIF group (P=0.039). No other significant difference
was observed between the characteristic features of the
two study groups (Table 1).

The mean supination/pronation arc of motion was not
significantly different between the two study groups

Table 1. The clinical and demographic characteristics of the patients of the two study groups

Mean+SD
Variable Sig.
Resection Group (n=28) ORIF Group (n=13)
Age (y) 39.9+10.2 37.6+9.8 0.44
Delay to operation (d) 7.449.3 6.715.8 0.21
Follow-up (mo) 22.7¢12.1 22.9+18 0.78
No. (%)
Variable Sig.
Resection Group (n=28) ORIF Group (n=13)
Female 10(35.7) 4(30.8)
Gender 0.6
Male 18 (64.3) 9(69.2)
Dominant 16 (57.1) 7 (53.8)
Hand dominancy 0.59
Non-dominant 12 (42.9) 6(46.2)
. | 18 (64.3) 8(61.5)
Type of coronoid injury
(Regan-Morrey classification) 035
& ¥ I 10(35.7) 5(38.5)
1l 2(7.1 1(7.7
Type of radial head injury (7.1) (7.7) 097
(Masson classification) '
1 26(92.9) 12(92.3)
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Table 2. Comparison of the outcome measures between the two study groups

MeantSD
Variable Sig.
Resection Group (n=28) ORIF Group (n=13)

Flexion/extension ROM (°) 149+17 158+16 0.001
Supination/pronation ROM (°) 110452 114426.4 0.11
DASH 9.6+7 10+8.1 0.19

VAS 1.8+0.9 24+1.1 0.04

MEPS 92.1+9.6 90.3+9.7 0.32
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ROM: Range of Motion; DASH: Disabilities of Arm, Shoulder, and Hand; VAS: Visual Analog Scale; MEPS: Mayo ELbow

Performance Score

(P=0.11). The mean flexion/extension arc of motion
was significantly different between the two study groups
(P=0.001). The mean MEPS and DASH scores were
not significantly different between the study groups
(P=0.22 and P=0.49, respectively). Also, the mean VAS
of the patients was significantly more in the ORIF group
(P=0.04). Table 2 presents the outcome measures of the
two study groups.

At the final evaluation session, the elbow was stable
in all patients, and the bony union was detectable. The
Essex-Lopresti injury was seen in none of the patients.
Synostosis of the proximal radius and ulna was observed
in 1 patient of the resection group and no patient in the
ORIF group. HO type I was recorded in 1 patient of the
ORIF group and 7 patients of the resection group. HO
type II was seen in 1 patient of the resection group and
no patient of the ORIF group. This patient underwent
elbow release operation 13 months after the primary
operation, and indomethacin was prescribed afterward.
Posttraumatic osteoarthritis was observed in 7 patients
of the resection group and 1 patient of the ORIF group.
Two patients in the resection group reported wrist pain.
Radial migration was not noticed at the radiologic evalu-
ation of these patients. Consequently, the wrist pain was
managed with physiotherapy.

4. Discussion

In this study, we compared the outcome of radial head re-
section with ORIF operation in the treatment of the radial
head component of terrible triad injury. Based on the results
of this study, both radial head resection and ORIF provided
an acceptable subjective functional outcome. However, the
flexion/extension arc of motion was significantly lower in

radial head resection. Besides, the rate of postoperative
complications, particularly HO and traumatic osteoarthri-
tis, was considerably more in radial head resection. On the
other hand, the postoperative pain was significantly more in
patients who underwent ORIF operation.

Watters et al. compared the outcome of terrible triad in-
juries of the elbow in patients whose radial head fractures
were treated with either ORIF (n=9) or radial head arthro-
plasty (n=30). There was no significant difference between
ROM or elbow scores (DASH) of the two study groups.

At the final follow-up, the elbow was unstable in 3 pa-
tients (33.3%) of the ORIF group and no patient of the ar-
throplasty group. On the other hand, 11 patients (36.6%)
of the arthroplasty group and no patient of the ORIF
group demonstrated radiographic signs of posttraumatic
arthrosis. The reoperation rate was not significantly dif-
ferent between the groups. They concluded that radial
head arthroplasty provides comparable overall outcomes
compared to ORIF in the treatment of radial head frac-
ture of terrible triad injury [9]. Similar to the results of
the present study, radial head prosthesis contains some
advantages and some disadvantages over the ORIF. In-
stability was reported as one of the main complications
in the study of Watters et al. However, all elbows, which
were treated with ORIF in our research, were stable at
the last follow-up.

Leigh and Ball also compared the outcome of radial
head reconstruction (n=13) and replacement (n=11) in
the treatment of terrible triad injuries of the elbow. Based
on their results, no significant difference was observed
between American shoulder and elbow surgeons score,
satisfaction score, ROM, and the associated arc of mo-
tion of the two study groups. A $tatistically slight sig-
nificant advantage in terms of DASH scores was seen in
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the arthroplasty group, which was acknowledged by the
authors as clinically negligible.

No elbow instability was recorded in any of the pa-
tients. In spite of comparable results between the two
study groups, in their conclusion, the authors favored
radial head repair over arthroplasty because of the in-
creased complications and reoperation rate in the arthro-

plasty group [20].

The study of Najd Mazhar et al. is the first and only
study reporting the outcome of radial head resection as
a choice of treatment in the management of radial head
component in terrible trial injury. They compared the
results of radial head resection (n=29) with prosthetic
arthroplasty (n=15) in the treatment of severely-com-
minuted radial heads in terrible triad injury. The mean
ROM, VAS, DASH score, and MEPS of the two study
groups were not statistically different. The elbow was
stable in all patients at the final visit. The Essex-Lopres-
ti injury was not developed in any of the patients. Post-
traumatic osteoarthritis was observed in 8 patients of
the resection group and 5 patients of the arthroplasty
group. They concluded that radial head resection and
replacement provide comparable results in terrible triad

injury [10].

The present study was the first study to compare the
results of radial head resection and repair in a terrible
trial setting. The results of this study revealed that radial
head resection could provide a comparable function to
radial head repair. Elbow instability was not a concern,
as reported following the repair of the radial head in the
study of Watters et al. [4]. The flexion/extension arc of
motion was slightly better in the repair group, while the
postoperative pain level was slightly more in this group.
However, similar to the study of Leigh and Ball, we sug-
gest using radial head repair whenever possible, particu-
larly in young and active patients, to prevent the compli-
cations of radial head resection.

Although the available studies state that radial head
resection, repair, and arthroplasty can yield the same
functional outcome in terrible triad injuries, their results
could be confounded by the level of comminution and
number of associated injuries. For example, 11 patients
in the resection group of the study had associated inju-
ries versus | patient in the repair group. Therefore, the
optimum comparison of these techniques with radial
head repair would only be possible if the patients were
matched for the level of comminution and the number of
associated injuries.
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The present study was not without limitations. The
main limitation of the study was the retrospective nature
of the investigation. Therefore, prospective well-con-
trolled studies are needed to define the optimum surgical
algorithm for terrible trial injury conclusively.

5. Conclusion

Radial head resection provides a comparable function
to radial head fixation in the terrible triad setting. While
the postoperative ROM was slightly more in radial head
repair, the postoperative pain was somewhat less in radial
head resection. The postoperative complications, particu-
larly posttraumatic arthrosis and HO, were remarkably
more in the resection group. These results favor perform-
ing radial head repair, whenever possible, to avoid the
postoperative complications of radial head reaction.

Ethical Considerations

All ethical principles were considered in this article and all
data used by patients permission.

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-
profit sectors.

Methodology: Farid Najd Mazhar; Sampling, editing:
Hooman Shariatzadeh; Writer, editor: Hanon Sadony; Re-
viewer: Nima Bagheri; Editor: Hojatollah Ebrahimy.

The authors declared no conflict of interest.

References

[1] Shariatzadeh H, Mazhar FN, Babaei R, Taghavi R, Dehghani
H. The outcome of elbow release surgery in patients with
elbow stiffness caused by different etiologies. Shafa Ortho
J. 2019; 6(1):1-7.

[2] Mathew PK, Athwal GS, King GJ. Terrible triad injury of
the elbow: Current concepts. ] Am Acad Orthop Surg. 2009;
17(3):137-51. [DOI:10.5435/00124635-200903000-00003] [PMID]

[3] Gharanizadeh K, Mazhar FN, Pezeshki S, Farjadnia M,
Givechian B, Shariatzadeh H. [Surgical approach to poste-

Najd Mazhar F, et al. Comparison of Radial Head Resection With Radial Head Fixation. J. Res Orthop Sci. 2019; 6(4):19-24.

23



https://doi.org/10.5435/00124635-200903000-00003
https://www.ncbi.nlm.nih.gov/pubmed/19264707

November 2019. Volume 6. Number 4

rior dislocation of the elbow combined with radial head and
coronoid fractures (terrible triad): Rreport of 19 cases (Per-
sian)]. Shafa Orth J. 2014; 1(1):1-16.

[4] Josefsson P, Gentz CF, Johnell O, Wendeberg B. Dislocations
of the elbow and intraarticular fractures. Clin Orthop Relat
Res. 1989; (246):126-30. [DOI:10.1097/00003086-198909000-
00020]

[5] Egol KA, Immerman I, Paksima N, Tejwani N, Koval K]J.
Fracture-dislocation of the elbow functional outcome fol-
lowing treatment with a standardized protocol. Bull NYU
Hosp Jt Dis. 2007; 65(4):263-70. [PMID]

[6] Forthman C, Henket M, Ring DC. Elbow dislocation with
intra-articular fracture: The results of operative treatment
without repair of the medial collateral ligament. ] Hand
Surg. 2007; 32(8):1200-9. [DOI:10.1016/j.jhsa.2007.06.019]
[PMID]

[7] Najd Mazhar F, Jafari D, Mirzaei A. Evaluation of functional
outcome after nonsurgical management of terrible triad inju-
ries of the elbow. ] Shoulder Elbow Surg. 2017; 26(8):1342-7.
[DOI:10.1016/j.jse.2017.05.012] [PMID]

[8] Chemama B, Bonnevialle N, Peter O, Mansat P, Bonnevialle
P. Terrible triad injury of the elbow: How to improve out-
comes? Ortho Traumatol . 2010; 96(2):147-54. [DOI:10.1016/j.
otsr.2009.11.009]

[9] Watters TS, Garrigues GE, Ring D, Ruch DS. Fixation versus
replacement of radial head in terrible triad: Is there a dif-
ference in elbow stability and prognosis? Clin Ortho Relat
Res. 2014; 472(7):2128-35. [DOI:10.1007/511999-013-3331-x]
[PMID] [PMCID]

[10] Mazhar FN, Ebrahimi H, Jafari D, Mirzaei A. Radial head
resection versus prosthetic arthroplasty in terrible triad in-
jury: A retrospective comparative cohort study. Bone Joint
J. 2018; 100(11):1499-505. [DOI:10.1302/0301-620X.100B11.
BJJ-2018-0293.R1] [PMID]

[11] Regan W, Morrey B. Fractures of the coronoid pro-
cess of the ulna. Orth Trauma Direc. 2008; 6(02):33-7.
[DOI:10.1055/5-2008-1038166]

[12] Mason ML. Some observations on fractures of the head of
the radius with a review of one hundred cases. British ] Surg.
1954; 42(172):123-32. [DOI:10.1002/ bjs.18004217203] [PMID]

[13] Morrey BF. Functional evaluation of the elbow. Amster-
dam: Elsevier; 1985.

[14] Mousavi SJ, Parnianpour M, Abedi M, Askary-Ashtiani A,
Karimi A, Khorsandi A, et al. Cultural adaptation and vali-
dation of the Persian version of the Disabilities of the Arm,
Shoulder and Hand (DASH) outcome measure. Clin Reh.
2008; 22(8):749-57. [DOI:10.1177/0269215508085821] [PMID]

[15] O’driscoll S, Bell D, Morrey B. Posterolateral rotatory
instability of the elbow. ] Bone Joint surg American Vol.
1991; 73(3):440-6. [DOI:10.2106,/00004623-199173030-00015]
[PMID]

[16] Broberg MA, Morrey B. Results of delayed excision of the
radial head after fracture. ] Bone Joint surg American Vol.
1986; 68(5):669-74. [DOI:10.2106,/00004623-198668050-00005]

[17] Graham T. The classification and treatment of heterotopic
ossification about the elbow and forearm. Hand Clinics.
1994; 10(3):417-37. [PMID]

Orthopedic Science

[18] Wegmann K, Dargel ], Burkhart K, Briiggemann G, Miil-
ler L. The essex-lopresti lesion. Strategies Trauma Limb
Reconstr. 2012; 7(3):131-9. [DOI:10.1007/s11751-012-0149-0]
[PMID] [PMCID]

[19] Buckup J. Clinical tests for the musculoskeletal system: Ex-
aminations-signs-phenomena. New York: Thieme Medical
Publishers; 2016. [DOIL:10.1055/b-005-148843]

[20] Leigh WB, Ball CM. Radial head reconstruction versus
replacement in the treatment of terrible triad injuries of
the elbow. ] Shoulder Elbow Surg. 2012; 21(10):1336-41.
[DOI:10.1016/j.jse.2012.03.005] [PMID]

Najd Mazhar F, et al. Comparison of Radial Head Resection With Radial Head Fixation. J. Res Orthop Sci. 2019; 6(4):19-24.



https://www.ncbi.nlm.nih.gov/pubmed/2766600
https://www.ncbi.nlm.nih.gov/pubmed/2766600
https://doi.org/10.1097/00003086-198909000-00020
https://doi.org/10.1097/00003086-198909000-00020
https://www.ncbi.nlm.nih.gov/pubmed/18081545
https://www.ncbi.nlm.nih.gov/pubmed/18081545
https://www.ncbi.nlm.nih.gov/pubmed/18081545
https://doi.org/10.1016/j.jhsa.2007.06.019
https://www.ncbi.nlm.nih.gov/pubmed/17923304
https://doi.org/10.1016/j.jse.2017.05.012
https://www.ncbi.nlm.nih.gov/pubmed/28734536
https://doi.org/10.1016/j.otsr.2009.11.009
https://doi.org/10.1016/j.otsr.2009.11.009
https://doi.org/10.1007/s11999-013-3331-x
https://www.ncbi.nlm.nih.gov/pubmed/24136807
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4048405
https://doi.org/10.1302/0301-620X.100B11.BJJ-2018-0293.R1
https://doi.org/10.1302/0301-620X.100B11.BJJ-2018-0293.R1
https://www.ncbi.nlm.nih.gov/pubmed/30418065
https://doi.org/10.1055/s-2008-1038166
https://doi.org/10.1002/bjs.18004217203
https://www.ncbi.nlm.nih.gov/pubmed/13209035
https://www.google.com/search?sxsrf=ACYBGNTapJ3gSQtIk6TZdFzpmdRHf9QsFw:1575495799355&q=Amsterdam&stick=H4sIAAAAAAAAAOPgE-LUz9U3MDJLSYpXYgcxs40LtFSzk63084vSE_MyqxJLMvPzUDhWafmleSmpKYtYOR1zi0tSi1IScwHmeInuSQAAAA&sa=X&ved=2ahUKEwjxp9eb-5zmAhXFiFwKHa8zCygQmxMoATAfegQIDBAH&sxsrf=ACYBGNTapJ3gSQtIk6TZdFzpmdRHf9QsFw:1575495799355
https://www.google.com/search?sxsrf=ACYBGNTapJ3gSQtIk6TZdFzpmdRHf9QsFw:1575495799355&q=Amsterdam&stick=H4sIAAAAAAAAAOPgE-LUz9U3MDJLSYpXYgcxs40LtFSzk63084vSE_MyqxJLMvPzUDhWafmleSmpKYtYOR1zi0tSi1IScwHmeInuSQAAAA&sa=X&ved=2ahUKEwjxp9eb-5zmAhXFiFwKHa8zCygQmxMoATAfegQIDBAH&sxsrf=ACYBGNTapJ3gSQtIk6TZdFzpmdRHf9QsFw:1575495799355
https://doi.org/10.1177/0269215508085821
https://www.ncbi.nlm.nih.gov/pubmed/18678575
https://doi.org/10.2106/00004623-199173030-00015
https://www.ncbi.nlm.nih.gov/pubmed/2002081
https://doi.org/10.2106/00004623-198668050-00005
https://www.ncbi.nlm.nih.gov/pubmed/7962148
https://doi.org/10.1007/s11751-012-0149-0
https://www.ncbi.nlm.nih.gov/pubmed/23096260
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3482440
https://doi.org/10.1055/b-005-148843
https://doi.org/10.1016/j.jse.2012.03.005
https://www.ncbi.nlm.nih.gov/pubmed/22705316

