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1. Introduction

Varus posteromedial rotatory instability (VPMRI) is a relatively rare,

but subtle elbow injury that involves anteromedial coronoid facet

(AMCF) fracture and ligamentous injuries by an injury mechanism as-

sociated with varus, axial force, and forearm pronation (4,3,1,2). VPMRI

was first described in 2003 by O’Driscoll et al. who proposed a novel

classification for coronoid fractures based on fracture location and size,

which can predict associated injuries and injury mechanism (6,8,7,5).

O’Driscoll type 2 coronoid fracture involves the anteromedial facet and

classified 3 subtypes: anteromedial subtype I involves the rim; subtype

II, the rim and tip; and subtype III the rim and sublime tubercle in

which anterior bundle of the medial collateral ligament (MCL) is

attached. They highlighted the importance of the AMCF region that re-

sists varus forces across the ulnohumeral joint along with the lateral

collateral ligament (LCL) (6). Approximately 60% of the AMCF is not

supported by the proximal ulnar metaphysis and diaphysis, thus it is

vulnerable to the type of fracture that leads to VPMRI (9,8,11,10).

Opening of the lateral side of the ulnohumeral joint may occur even in

AMCF fractures with a small fragment (7). As a result, loading is in-

creased on the medial side of the ulnohumeral joint under gravitational

varus stress, which can lead to early-onset medial ulnohumeral arthritis

resulting from joint incongruity (7).

Doornberg and Ring (12) reported 18 cases of AMCF fracture with a

mean follow-up period of 26 months. Twelve of 18 cases had good or

excellent clinical outcomes by sufficient fixation of AMCF fracture, but

the remaining 6 cases with inadequate stability of AMCF fracture had

unsatisfactory clinical outcomes with residual instability and post-
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traumatic arthritis (12). Due to the high incidence of residual instability

and early-onset posttraumatic arthritis with improper treatment, oper-

ative treatment has been recommended in patients with VPMRI (12,11,1).

Based on findings from clinical and biomechanical studies, the treatment

should include either AMCF fracture fixation or LCL repair, or a combi-

nation of these techniques (21,14,15,18,17,16,19,13,20). However, it is not

clear whether operative treatment in patients with VPMRI is always

beneficial because most clinical studies included a small case series with

no control group. Although there is a lack of available evidence, sat-

isfactory outcomes have been reported with nonoperative treatment in

some cases of VPMRI (25,24,22,23,1).

Despite establishment of comprehensive classification system and im-

proved understanding of the pathophysiology, definite treatment protocol

has not yet been established. Several studies have reported case series

with a complex or ambiguous injury mechanism including terrible triad

injury or olecranon fracture dislocation, not pure VPMRI (12,18,16,19).

The results of these studies can be confusing to the precise outcomes

after treatment for pure VPMRI. The aim of this study was to inves-

tigate radiographic findings, treatments, and outcomes of a large series

of VPMRI and to propose its treatment guideline. This study was con-

ducted to confirm the hypothesis that decisions regarding treatment of

VPMRI should be made on a case-by-case basis depending on the pat-

tern of the coronoid fragment and the degree of ligamentous injuries.
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2. Materials and Methods

This paper was approved by the institutional review board of Dongsan

hospital (IRB No: 2023-02-014).

This multicenter retrospective cohort study included 91 patients with

pure VPMRI who were received treatment at 6 hospitals between 2006

and 2021. Inclusion criteria included patients with 1) confirmed AMCF

fracture (anteromedial type according to O’Driscoll classification) by

plain radiographs and 3-dimensional (3D) computed tomography (CT) at

the time of initial injury, 2) referred ≤ 3 weeks after initial injury, and

3) follow-up period ≥ 12 months after treatment. Exclusion criteria

were as follows: 1) elbow fracture combined with olecranon fracture or

radial head fracture, 2) patients with follow-up data that was

incomplete, and 3) patients who underwent surgery after ≥ 3 weeks

after injury.

All cases were initially diagnosed as an AMCF fracture by plain

radiographs and 3D-CT performed in the emergency department or

outpatient clinic. In cases involving elbow dislocation, surgeons tried to

evaluate stability after closed reduction. Examination for elbow

instability was performed using a gravity varus test or stress test under

fluoroscopy with anesthesia or without anesthesia. If the elbow was

stable, gentle passive range of motion (ROM) exercise was started after

plaster immobilization over a period of 2 to 4 weeks. If the joint was

unstable including elbow subluxation or gross instability, operative

treatment was performed.

Based on plain radiographs and 3D-CT, AMCF fractures were divided

according to the O’Driscoll classification system (6). Measurement of

number, size, and displacement of the fragment was also performed.
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Magnetic resonance image (MRI) scans from 71 patients were available

for assessment of the patterns of soft tissue injuries. Radiographic

assessment with definite diagnosis for pure VPMRI was performed with

consensus by two experienced elbow surgeons.

Operative treatment was administered according to the decision of

each elbow surgeon at 6 hospitals. If the varus stress test was positive

during examination under anesthesia or static ulnohumeral subluxation

was seen in images, AMCF fracture was fixed using medial open

approach or arthroscopic technique. If any residual varus instability

without firm end point or ulnohumeral joint incongruency exists after

AMCF fixation, LCL complex was repaired. Repair of the medial

collateral ligament (MCL) was performed using a suture anchor when

the MCL injury was observed during AMCF fragment fixation. If

AMCF fragment was small or minimally displaced, surgeons performed

varus stress test under fluoroscopy and assessed the end feeling and

joint congruency. If the end feeling was firm and the medial

ulnohumeral joint was congruent, surgeons chose nonoperative treatment.

If not, LCL complex was repaired. After immobilization for 1 to 4 weeks

after surgery, gentle passive ROM exercise was started.

The mean follow-up period was 46.8 months (range, 12-192 months).

Evaluation of clinical outcomes was performed using the visual analogue

scale (VAS) pain score, the Mayo elbow performance score (MEPS)

(26), the Quick Disabilities of the Arm, Shoulder and Hand

(Quick-DASH) score (27), and active ROM. Evaluation of radiographic

outcomes including joint congruity, heterotopic ossification using the

Hastings and Graham classification (28), or posttraumatic arthritic

change using the Bromberg and Morrey grading system (29) was based

on serial plain radiographs. Assessment of complications was also

performed.
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IBM SPSS ver. 25.0 (IBM Co., Armonk, NY, USA) was used in

performance of data analyses. Pearson correlation coefficients, one-way

analysis of variance, and t-test were used to assess the correlation

between variables and final clinical outcomes. Mann-Whitney U test,

chi-square test, and linear by linear association were used to assess the

effect of variables between operative and nonoperative groups. The level

of significance was set at p < 0.05.
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3. Results

The mean age of the patients was 43.0 ± 14.0 years (range, 16 to 71

years); there were 72 males (79.1%) and involvement of the left elbow

was observed in 60 patients (65.9%). Nineteen patients (20.9%) were as-

sociated with elbow dislocation.

Regarding coronoid fractures, there were 4 cases (4.4%) of ante-

romedial subtype 1, 67 cases (73.6%) of subtype 2, and 20 cases (22.0%)

of subtype 3. Regarding the number of coronoid fragment, there were 42

cases (46.1%) involving a single fragment, 27 cases (29.7%) involving 2

fragments, and 22 cases (24.2%) involving ≥ 3 fragments. Mean size of

coronoid fragment was 12.8 ± 5.4 mm (range, 4 to 25 mm). Mean dis-

placement of coronoid fractures was 5.3 ± 4.1 mm (range, 0 to 20 mm).

On MRI, complete tear of the LCL was observed in 83.1% (59/71 cases)

and partial tear or strain of the LCL in 16.9% (12/71 cases). Complete

tear of the MCL was observed in 33.8% (24/71 cases) and partial tear

or strain of the MCL in 60.6% (43/71 cases). Normal MCL was ob-

served in 5.6% (4/71 cases).

Operative treatment was administered in 68 cases (74.7%) and non-

operative treatment was administered in 23 cases (25.3%). The mean

time until operation was 5.1 ± 3.8 days (range, 1 to 20 days). In 68

cases who received operative treatment, both side fixation was per-

formed in 40 cases (58.8%), medial side fixation only in 17 cases

(25.0%), and lateral side fixation only using a suture anchor in 11 cases

(16.2%). Fixation of AMCF fractures was performed using open medial

approach (49 cases) and arthroscopic assisted technique (5 cases).

Fixation methods included plate (27 cases), screw (9 cases), K-wire

tension band (7 cases), K-wire (6 cases), suture anchor (4 cases), pull-
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out suture (1 cases), or combination. Additional MCL repair was per-

formed in 15 cases and MCL repair without AMCF fixation was per-

formed in 3 cases.

At the final follow-up, the mean VAS pain score was 0.9 ± 1.4. The

mean MEPS was 93.7 ± 12.2 and 67 cases (73.6%) were graded as ex-

cellent, 19 cases (20.9%) as good, 3 cases (3.3%) as fair, and 2 cases

(2.2%) as poor. The mean Quick-DASH score was 7.9 ± 15.6 and 72

cases (79.1%) were graded as excellent, 10 cases (11.0%) as good, 5

cases (5.5%) as fair, and 4 cases (4.4%) as poor. The mean final ROM

was 135.4 ° ± 11.8 ° of flexion, 5.1 ° ± 9.0 ° of extension, 77.5 ° ± 9.2 °

of pronation, and 82.0 ° ± 9.0 ° of supination.

Regarding correlation between variables and final clinical outcomes,

arthritic change and heterotopic ossification after operative or non-

operative treatment were significantly associated with final VAS pain

score, MEPS, and Quick-DASH score (Table 1). In the operative group,

longer time until operation was significantly associated with VAS pain

score and Quick-DASH score (Table 2).

Twenty patients (22.0%) experienced complications after treatment in-

cluding hardware irritation in 6 cases, elbow stiffness in 6 cases, ulnar

neuropathy in 5 cases, arthritic change with recurrent instability in 1

case, screw penetration into the joint in 1 case, and cubitus varus in 1

case. Reoperation was performed in 14 cases (15.4%).

Regarding correlation between variables and treatments, no significant

differences in final clinical scores and ROMs were observed between

operative and nonoperative groups, however, significant differences were

observed with regard to the number of fragments (p < 0.05), displace-

ment (5.9 mm vs 3.5 mm, p < 0.01), and complication rate (27.9% vs

4.3%, p < 0.001) (Table 3).
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Table 1. Correlation between Variables and Final Clinical Outcomes in All Patients

Variables
VAS pain score MEPS Quick DASH score

M ± SD
/ pearson correlation p-value

M ± SD
/ pearson correlation p-value

M ± SD
/ pearson correlation p-value

Age 0.156 > 0.05 -0.173 > 0.05 0.097 > 0.05

Sex > 0.05 > 0.05 > 0.05

Male (72) 0.9 ± 1.3 94.4 ± 10.5 7.6 ± 14.7

Female (19) 1.0 ± 1.5 91.3 ± 16.7 9.4 ± 17.8

Side > 0.05 > 0.05 > 0.05

Left (60) 0.9 ± 1.3 93.3 ± 12.8 8.8 ± 16.9

Right (31) 0.9 ± 1.5 94.7 ± 10.6 6.3 ± 17.7

Combined injury > 0.05 > 0.05 > 0.05

Yes (15) 1.5 ± 1.4 91.0 ± 11.4 17.2 ± 24.1

No (76) 0.8 ± 1.3 94.3 ± 12.1 6.1 ± 12.4

Dislocation > 0.05 > 0.05 > 0.05

Yes (19) 1.2 ± 1.7 94.0 ± 12.1 8.3 ± 14.0

No (72) 0.8 ± 1.2 93.7 ± 12.1 7.8 ± 15.8

Operation > 0.05 > 0.05 > 0.05

Yes (68) 0.9 ± 1.3 93.8 ± 12.4 8.1 ± 15.5

No (23) 0.8 ± 1.4 93.7 ± 11.1 7.3 ± 15.3

Arthritic change < 0.001* < 0.001* < 0.001*

Normal (72) 0.7 ± 1.0 95.5 ± 8.1 6.2 ± 11.5

Mild (16) 0.9 ± 1.3 91.9 ± 12.8 8.9 ± 17.2

Moderate (2) 3.5 ± 5.0 77.5 ± 31.8 29.6 ± 41.8

Severe (1) 6.0 ± 0.0 30.0 ± 0.0 75.0 ± 0.0



- 9 -

DASH: disabilities of the arm, shoulder and hand ; M: mean ; MEPS: mayo elbow performance score ; SD:

standard deviation ; VAS: visual analogue scale

*: Statistically significant (p < 0.05).

Variables
VAS pain score MEPS Quick DASH score

M ± SD
/ pearson correlation

p-value M ± SD
/ pearson correlation

p-value M ± SD
/ pearson correlation

p-value

Heterotopic ossification < 0.001* < 0.001* < 0.001*

None (79) 0.7 ± 1.0 95.1 ± 8.6 6.2 ± 11.2

1 (9) 0.9 ± 1.7 92.2 ± 13.7 8.8 ± 22.4

2A (3) 5.0 ± 2.7 61.7 ± 35.5 50.0 ± 30.6

O’Driscoll anteromedial subtype > 0.05 > 0.05 > 0.05

1 (4) 0.5 ± 1.0 95.0 ± 10.0 3.4 ± 1.7

2 (97) 0.9 ± 1.2 94.6 ± 11.8 13.4 ± 1.6

3 (20) 1.1 ± 1.7 90.5 ± 13.1 21.2 ± 4.7

Number of coronoid fragment > 0.05 > 0.05 > 0.05

1 (42) 1.0 ± 1.1 94.1 ± 8.9 7.0 ± 9.4

2 (27) 0.7 ± 1.3 93.3 ± 15.1 8.4 ± 19.7

≥ 3 (22) 1.0 ± 1.8 93.6 ± 13.5 9.2 ± 18.8

Size of coronoid fragment 0.109 > 0.05 -0.091 > 0.05 0.174 > 0.05

Displacement of coronoid fracture -0.088 > 0.05 0.141 > 0.05 -0.036 > 0.05

Union of coronoid fracture > 0.05 > 0.05 > 0.05

Yes (74) 0.8 ± 1.2 94.7 ± 9.8 6.3 ± 10.2

No (17) 1.2 ± 1.8 89.4 ± 18.4 15.3 ± 27.8
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Table 2. Correlation Between Variables and Final Clinical Outcomes in the Operative Group

Variables

VAS pain score MEPS Quick DASH score

M ± SD
/ pearson correlation

p-value
M ± SD

/ pearson correlation
p-value

M ± SD
/ pearson correlation

p-value

Age 0.229 > 0.05 -0.220 > 0.05 0.190 > 0.05

Sex > 0.05 > 0.05 > 0.05

Male (55) 0.8 ± 1.2 94.7 ± 10.0 7.0 ± 13.9

Female (13) 1.4 ± 1.7 89.6 ± 19.5 13.0 ± 20.7

Side > 0.05 > 0.05 > 0.05

Left (41) 0.9 ± 1.2 93.7 ± 13.3 8.8 ± 17.3

Right (27) 1.0 ± 1.5 93.9 ± 11.1 7.1 ± 12.3

Combined injury > 0.05 > 0.05 > 0.05

Yes (12) 1.3 ± 1.0 93.3 ± 7.8 15.2 ± 21.4

No (56) 0.8 ± 1.4 93.8 ± 13.2 6.6 ± 13.6

Dislocation > 0.05 > 0.05 > 0.05

Yes (16) 1.1 ± 1.8 93.8 ± 12.8 8.7 ± 14.9

No (52) 0.8 ± 1.2 93.8 ± 12.4 8.0 ± 15.8

Arthritic change < 0.001* < 0.001* < 0.001*

Normal (51) 0.8 ± 1.0 95.7 ± 7.9 7.1 ± 12.7

Mild (14) 0.6 ± 0.8 93.6 ± 10.1 4.2 ± 6.5

Moderate (2) 3.5 ± 5.0 77.5 ± 31.8 29.6 ± 41.8

Severe (1) 6.0 ± 0.0 30.0 ± 0.0 75.0 ± 0.0

Heterotopic ossification < 0.001* < 0.001* < 0.001*

None (59) 0.8 ± 0.9 95.0 ± 8.6 6.7 ± 12.1

1 (6) 0.1 ± 0.4 97.5 ± 6.1 1.5 ± 2.8

2A (3) 5.0 ± 2.7 61.7 ± 35.5 50.0 ± 30.6
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DASH: disabilities of the arm, shoulder and hand ; M: mean ; MEPS: mayo elbow performance score ; SD:

standard deviation ; VAS: visual analogue scale

*: Statistically significant (p < 0.05).

Variables

VAS pain score MEPS Quick DASH score

M ± SD
/ pearson correlation

p-value
M ± SD

/ pearson correlation
p-value

M ± SD
/ pearson correlation

p-value

O’Driscoll anteromedial subtype > 0.05 > 0.05 > 0.05

1 (2) 1.0 ± 1.4 90.0 ± 14.1 3.4 ± 4.8

2 (51) 0.9 ± 1.2 94.6 ± 12.1 6.7 ± 12.3

3 (15) 1.0 ± 1.8 91.3 ± 13.6 13.7 ± 23.7

Number of coronoid fragment > 0.05 > 0.05 > 0.05

1 (26) 1.1 ± 1.0 94.4 ± 8.8 8.0 ± 10.0

2 (23) 0.8 ± 1.4 92.2 ± 16.1 9.8 ± 21.0

≥ 3 (19) 0.8 ± 1.7 94.7 ± 12.0 6.3 ± 14.2

Size of coronoid fragment 0.010 > 0.05 -0.051 > 0.05 0.216 > 0.05

Displacement of coronoid fracture -0.144 > 0.05 0.208 > 0.05 -0.053 > 0.05

Union of coronoid fracture > 0.05 > 0.05 > 0.05

Yes (58) 0.9 ± 1.2 94.6 ± 10.1 6.4 ± 10.7

No (10) 1.2 ± 1.9 89.0 ± 21.7 18.0 ± 30.6

Time until operation 0.274 < 0.05* -0.113 > 0.05 0.259 < 0.05*

Surgical fixation > 0.05 > 0.05 > 0.05

Both (39) 1.2 ± 1.4 93.7 ± 10.9 10.1 ± 15.9

Medial side only (17) 0.5 ± 0.7 95.3 ± 8.6 3.2 ± 7.2

Lateral side only (12) 0.8 ± 1.8 91.7 ± 20.3 8.8 ± 21.3
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Table 3. Correlation between Variables and Treatments

Variables
Operative treatment (68) Nonoperative treatment (23)

p-value
M ± SD / N (%) M ± SD / N (%)

Age 42.5 ± 14.2 44.4 ± 13.8 > 0.05

Sex > 0.05

Male 55 (76.4) 17 (23.6)

Female 13 (68.4) 6 (31.6)

Side > 0.05

Left 41 (68.3) 19 (31.7)

Right 27 (87.1) 4 (12.9)

Combined injury > 0.05

Yes 12 (80.0) 3 (20.0)

No 56 (73.7) 20 (26.3)

Dislocation > 0.05

Yes 16 (84.2) 3 (15.8)

No 52 (72.2) 20 (27.8)

Arthritic changes > 0.05

Normal 51 (70.8) 21 (29.2)

Mild 14 (87.5) 2 (12.5)

Moderate 2 (100.0) 0 (0.0)

Severe 1 (100.0) 0 (0.0)

Heterotopic ossification > 0.05

None 59 (74.7) 20 (25.3)

1 6 (66.7) 3 (33.3)

2A 3 (100.0) 0 (0.0)
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M: mean ;N: number ; SD: standard deviation
*: Statistically significant (p < 0.05).

Variables
Operative treatment (68) Nonoperative treatment (23)

p-value
M ± SD / N (%) M ± SD / N (%)

O'Driscoll anteromedial subtype > 0.05

1 2 (50.0) 2 (50.0)

2 51 (76.1) 16 (23.9)

3 15 (75.0) 5 (25.0)

Number of coronoid fragment < 0.05*

1 26 (61.9) 16 (38.1)

2 23 (85.2) 4 (14.8)

≥ 3 19 (86.4) 3 (13.6)

Size of coronoid fragment (mm) 13.0 ± 5.3 12.1 ± 5.9 > 0.05

Displacement of coronoid fragment (mm) 5.9 ± 4.1 3.5 ± 3.4 < 0.01*

Union of coronoid fracture > 0.05

Yes 58 (78.4) 16 (21.6)

No 10 (58.8) 7 (41.2)

Complication 19 (27.9) 1 (4.3) < 0.001*
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4. Discussion

The current study revealed that VPMRI is a challenging injury that

involves AMCF fracture and ligamentous injuries. Depending on the

pattern of the coronoid fragment and the degree of the ligamentous in-

juries, operative treatment of unstable VPMRI using various fixation

techniques including coronoid fixation and ligamentous repair yielded

satisfactory final clinical outcomes. Stable VPMRI with AMCF fracture

involving minimal displacement or small number of fragments can be

treated nonoperatively. However, surgeons should be aware of the high

complication (22.0%) and reoperation rates (15.4%) after operative

treatment. Longer time until operation, arthritic change, and heterotopic

ossification after treatment were significantly associated with poor clin-

ical outcomes.

VPMRI have been known to involve AMCF fracture and lateral liga-

mentous injury (3,1,10). While LCL injury is commonly associated with

this type of fracture, it has recently been recognized that associated

MCL injury is more common than previously determined (28,7,16).

According to the findings of a biomechanical study reported by Hwang

et al. (30), the posterior bundle of the MCL should be disrupted for

gross elbow subluxation in the presence of an AMCF fracture and the

LCL injury. Klug et al. (16) reported a relatively high rate of MCL in-

jury (33%) in the context of AMCF fracture. Park et al. (7) reported 6

(54.5%) of 11 cases had concomitant MCL injury, including 2 cases with

an avulsion fracture of the humeral site. On MRI analysis in the current

study, complete tear of LCL was observed in 83.1% (59/71 cases) and

complete tear of MCL was observed in 33.8% (24/71 cases). These find-

ings indicated that an AMCF fracture can occur by rotational force as
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well as varus force and concomitant MCL injury might be associated

with joint subluxation or dislocation. If the elbow is unstable after

AMCF fixation and LCL repair, concomitant MCL injury should be

addressed.

The size, displacement, and configuration of the AMCF fragment as

well as associated ligamentous injuries are likely to be critical in the

decision-making process for proper treatment. Despite an improved un-

derstanding of VPMRI, no standard treatment protocol and technique

have been established. Subsequently, there has been little documentation

of treatments, outcomes, and prognosis in patients with VPMRI. A

study reported by Pollock et al. (21) in 2009 proposed operative guide-

lines for AMCF fractures and found that the size of AMCF fragment

influences the elbow kinematics under varus stress. They recommended

that small fragment < 5 mm (subtype 1) can be treated with LCL re-

pair only, whereas larger fragments (subtype 2 and 3) may require

AMCF fragment fixation and LCL repair. Park et al. (7) reported that

AMCF fractures were treated in accordance with the guidelines reported

by Pollock et al. including LCL repair only for subtype 1 fracture (2

cases) and buttress plating with LCL repair for subtype 2 (4 cases) and

subtype 3 (5 cases) fractures. They reported that 10 of 11 patients had

good to excellent results without residual instability. In 2014, Rhyou et

al. (8) suggested an algorithm for management of AMCF fractures ac-

cording to fragment size. The cutoff value established for open reduction

and internal fixation was 5 mm. They concluded that, in the case of

subtype 1 or 2 fractures with the fragment size of < 5 mm, LCL repair

only seems to be sufficient because small and comminuted fragments

may be difficult to achieve sufficient stability by open reduction and in-

ternal fixation. Syed et al. (19) reported that AMCF fractures with s

fragment size > 6.5 mm are likely to be more unstable and require
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operation. Numerous studies have advocated that most AMCF fractures

require operative fixation to prevent residual instability and post-

traumatic ulnohumeral arthritis. The AMCF fractures can be fixed using

a buttress plate, screw, K-wire, suture anchor, transosseous suture, and

these combinations depending on configuration of the fracture fragment.

Although good clinical and radiographic results after operative treatment

have been reported, it is still unclear whether operative treatment in pa-

tients with VPMRI is always beneficial. Several recent studies have re-

ported that VPMRI in certain circumstance can be treated nonoperatively

with satisfactory clinical and radiographic results (25,24,22,23). Chan et

al. (22) reported 10 cases (9 subtype 2 and 1 subtype 3) treated non-

operatively for small or minimally displaced fractures with no evidence

of elbow subluxation and found satisfactory clinical and radiographic

results. Moon et al. (24) stable VPMRI can be treated successfully with

nonoperative treatment because minimally displaced fragment has a

function of bony stability with surrounding soft tissues.

Lanzerath et al. (5) reported a systematic review for the treatment of

AMCF fracture including 10 studies (128 cases). One hundred and four-

teen patients (89.1%) were treated operatively and 14 patients (10.9%)

were treated nonoperatively. Among the patients who underwent oper-

ative treatment, 70.2% had concomitant LCL repair with AMCF frag-

ment fixation or LCL repair only. The mean MEPS was 91.5 in patients

with operative treatment and 91.4 in patients with conservative

treatment. Reoperation was required in 10 patients (7.8%). In the current

study, operative treatment was administered in 68 cases (74.7%) includ-

ing both side fixation in 40 cases (58.8%), medial side fixation only in

17 cases (25.0%), and lateral side fixation only in 11 cases (16.2%)

(Figure 1). Nonoperative treatment was administered in 23 cases (25.3%)

(Figure 2). Cases involving a smaller number or lesser displacement of
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the AMCF fragment tended to receive nonoperative treatment. Overall,

the mean MEPS and Quick-DASH scores at the final follow-up were

93.7 and 7.9 without differences between operative and nonoperative

groups. Longer time until operation, arthritic change, and heterotopic os-

sification after treatment were significantly associated with poor clinical

outcomes. The overall complication and reoperation rate was 22.0% and

15.4%. A higher complication rate was observed in the operative group

compared with the nonoperative group (27.9% vs 4.3%). Based on the

findings of the current study, study have proposed guidelines for treat-

ment of VPMRI (Figure 3).

The current study has several limitations. First, it is a retrospective

study that did not include a control group. Second, treatment and re-

habilitation might be heterogeneous because this is a retrospective mul-

ticenter study involving 6 elbow surgeons. Third, measurement of max-

imal fragment size and displacement on CT images may be difficult in

cases with fracture comminution. Further well-designed prospective

multicenter studies are required to examine clinical outcomes according

to treatment options and to establish standard guidelines for treatment

of VPMRI. However, it is worthy of note that this is the first multi-

center study that included a large series of pure VPMRI.
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Figure 1. Case 1. VPMRI patient who treated operatively shows good

outcome after 7 years. (A-D) Plain radiographs, 3D CT, and

MR image show VPMRI that involves subtype 2 AMCF frac-

ture and LCL injury. (E-H) Fluoroscopic images show that

the joint is stable under varus stress test after AMCF frag-

ment fixation. (I-L) Plain radiographs at 7 years after oper-

ation show congruent elbow joint with full range of motions.

AMCF: anteromedial coronoid facet ; 3D CT: 3 dimensional

computed tomography; LCL: lateral collateral ligament ;

VPMRI: varus posteromedial rotatory instability.
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Figure 2. Case 2. VPMRI patient who treated nonoperatively shows

good outcome after 15 years. (A-H) Plain radiographs, 3D CT,

and MR image show VPMRI with elbow dislocation managed

by nonoperative treatment. (I-L) Plain radiographs at 15 years

after nonoperative treatment show congruent elbow joint with

full range of motions. 3D CT: 3 dimensional computed tomog-

raphy; VPMRI: varus posteromedial rotatory instability.
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Figure 3. Treatment guidelines for VPMRI.

LCL: lateral collateral ligament ; MCL: medial collateral ligament ;

ORIF: open reduction internal fixation ; VPMRI: varus posteromedial ro

tatory instability.
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5. Summary

The aim of this study was to investigate radiographic findings, treat-

ments, and outcomes of a large series of varus posteromedial rotatory

instability (VPMRI). 91 patients with VPMRI injury were selected for

analysis. Depending on the pattern of coronoid fragment and the degree

of ligamentous injuries, operative treatment of unstable VPMRI using

various fixation techniques including coronoid fixation and ligament re-

pair yielded satisfactory final clinical outcomes. However, surgeons

should be aware of the high complication and reoperation rates after op-

erative treatment. Stable VPMRI with anteromedial coronoid facet frac-

ture involving minimal displacement or small number of fragments can

be treated nonoperatively. The current study is a retrospective study

that did not include a control group. Further well-designed prospective

multicenter studies are required to examine clinical outcomes according

to treatment options and to establish standard guidelines for treatment

of VPMRI.



- 22 -

References

1. Watts AC: Posteromedial rotatory instability of the elbow: What the

radiologist needs to know. Eur J Radiol 2021; 141: 109819.

2. Colozza A, Menozzi M, Perna L, Cavaciocchi M, Martini I, Galavotti

C, et al.: Results of arthroscopically assisted reduction and fixation of

anteromedial facet coronoid fractures at short-term follow-up. J

Shoulder Elbow Surg 2022; 31 :1890-7.

3. Ramirez MA, Stein JA, Murthi AM: Varus Posteromedial Instability.

Hand Clin 2015; 31: 557-63.

4. Wang X, Chang SM, Yu GR: Anteromedial coronoid facet fractures.

Eur J Orthop Surg Traumatol 2013; 23 :251-5.

5. Lanzerath F, Hackl M, Wegmann K, Müller LP, Leschinger T: The

treatment of anteromedial coronoid facet fractures: a systematic

review. J Shoulder Elbow Surg 2021; 30: 942-8.

6. O'Driscoll SW, Jupiter JB, Cohen MS, Ring D, McKee MD: Difficult

elbow fractures: pearls and pitfalls. Instr Course Lect 2003; 52:

113-34.

7. Park SM, Lee JS, Jung JY, Kim JY, Song KS: How should ante-

romedial coronoid facet fracture be managed? A surgical strategy

based on O'Driscoll classification and ligament injury. J Shoulder

Elbow Surg 2015; 24: 74-82.



- 23 -

8. Rhyou IH, Kim KC, Lee JH, Kim SY: Strategic approach to

O'Driscoll type 2 anteromedial coronoid facet fracture. J Shoulder

Elbow Surg 2014; 23: 924-32.

9. Doornberg JN, de Jong IM, Lindenhovius AL, Ring D: The ante-

romedial facet of the coronoid process of the ulna. J Shoulder Elbow

Surg 2007; 16: 667-70.

10. Kingery MT, Lowe DT, Egol KA: Operative Fixation of the

Anteromedial Facet of the Coronoid Process. J Orthop Trauma 2022;

36: S7-8.

11. Bellato E, Fitzsimmons JS, Kim Y, Bachman DR, Berglund LJ,

Hooke AW, et al.: Articular Contact Area and Pressure in

Posteromedial Rotatory Instability of the Elbow. J Bone Joint Surg

Am 2018; 100: e34.

12. Doornberg JN, Ring DC: Fracture of the anteromedial facet of the

coronoid process. J Bone Joint Surg Am 2006; 88: 2216-24.

13. Jung HS, Jang YH, Lee HI, Lee JS: Clinical comparison of the

over-the-top and flexor carpi ulnaris split approaches for the treat-

ment of anteromedial facet fracture of the coronoid process. J

Shoulder Elbow Surg 2021; 30: 1750-8.

14. Chen H, Wang Z, Li J, Zhong B, Jiang X: Treatment of the coronoid

process fractures with anteromedial approach: a case report. Int J

Clin Exp Med 2015; 8: 19607-11.



- 24 -

15. Ge J, Chen L, Xiang Z: Application of loop plating technique in frac-

tures of ulna coronoid process. Int J Clin Exp Med 2016; 9:

21252-60.

16. Klug A, Buschbeck S, Gramlich Y, Buckup J, Hoffmann R,

Schmidt-Horlohé K: Good outcome using anatomically pre-formed

buttress plates for anteromedial facet fractures of the coronoid-a

retrospective study of twenty-four patients. Int Orthop 2019; 43:

2817-24.

17. McLean J, Kempston MP, Pike JM, Goetz TJ, Daneshvar P: Varus

posteromedial rotatory instability of the elbow: injury pattern and

surgical experience of 27 acute consecutive surgical patients. J

Orthop Trauma 2018; 32: e469-e74.

18. Shen L, Yu X, Zhong B, Ding J: A figure-eight suture loop with

Kirschner wires for fixation of anteromedial coronoid process frac-

tures: A case series. Int J Surg Case Rep 2017; 33: 130-4.

19. Syed H, Cameron P, Phadnis J: Management of anteromedial coro-

noid fractures according to a protocol focused on instability assess-

ment provides good outcomes with infrequent need for coronoid

fixation. J Shoulder Elbow Surg 2021; 30: 894-905.

20. Zhang X, Zhang J, Jin B, Zhang Q, Li Q, Zhu Y, et al.: Repair

Versus Non-Repair of Lateral Ulnar Collateral Ligament in Elbow

Varus Posteromedial Rotatory Instability Treatment: A Comparative

Study. Orthop Surg 2022; 14: 35-43.



- 25 -

21. Pollock JW, Brownhill J, Ferreira L, McDonald CP, Johnson J, King

G: The effect of anteromedial facet fractures of the coronoid and

lateral collateral ligament injury on elbow stability and kinematics. J

Bone Joint Surg Am 2009; 91: 1448-58.

22. Chan K, Faber KJ, King GJ, Athwal GS: Selected anteromedial co-

ronoid fractures can be treated nonoperatively. J Shoulder Elbow

Surg 2016; 25: 1251-7.

23. Foruria AM, Gutiérrez B, Cobos J, Haeni DL, Valencia M, Calvo E:

Most coronoid fractures and fracture-dislocations with no radial head

involvement can be treated nonsurgically with elbow immobilization.

J Shoulder Elbow Surg 2019; 28: 1395-405.

24. Moon JG, Bither N, Jeon YJ, Oh SM: Non surgically managed ante-

romedial coronoid fractures in posteromedial rotatory instability: three

cases with 2 years follow-up. Arch Orthop Trauma Surg 2013; 133:

1665-8.

25. Van Der Werf HJ, Guitton TG, Ring D: Non-operatively Treated

Fractures of the Anteromedial Facet of the Coronoid Process: A

Report of Six Cases. Shoulder Elbow 2010; 2: 40-2.

26. Lee S, Baek E, Kim M, Kim J, Lee H, Kim DK, et al.: Are out-

comes comparable for repair of AO/OTA type 13C1 and type 13C2

distal humeral fractures using the paratricipital approach? Clin

Orthop Surg 2022; 14: 169-177.

27. Cho CH, Kim DH, Park SG, Shin D, Kim BS: Characteristics of el-



- 26 -

bow dislocation in patients with preexisting cubitus varus. Clin

Orthop Surg 2021; 13: 83-87.

28. Hastings H 2nd, Graham TJ: The classification and treatment of

heterotopic ossification about the elbow and forearm. Hand Clin 1994;

10: 417-37.

29. Broberg MA, Morrey BF: Results of delayed excision of the radial

head after fracture. J Bone Joint Surg Am 1986; 68: 669-74.

30. Hwang JT, Shields MN, Berglund LJ, Hooke AW, Fitzsimmons JS,

O'Driscoll SW: The role of the posterior bundle of the medial collat-

eral ligament in posteromedial rotatory instability of the elbow. Bone

Joint J 2018; 100-b: 1060-5.



- 27 -

Pure Varus Posteromedial Rotatory Instability of the

Elbow: Radiographic Findings, Treatment, and Outcomes

Kim, Ji Hoon

Department of Orthopedic Surgery

Graduate School

Keimyung University

(Supervised by Professor Cho, Chul-Hyun)

(Abstract)

The aim of this study was to investigate radiographic findings, treat-

ments, and outcomes of a large series of varus posteromedial rotatory

instability (VPMRI). This study retrospectively reviewed 91 pure VPMRI

cases with anteromedial coronoid facet (AMCF) fracture (O’Driscoll

classification anteromedial type) which were treated at 6 hospitals.

Depending on the pattern of coronoid fragment and the degree of liga-

mentous injuries, operative treatment of unstable VPMRI using various

fixation techniques including coronoid fixation and ligament repair yield-

ed satisfactory final clinical outcomes. However, surgeons should be

aware of the high complication and reoperation rates after operative

treatment. Stable VPMRI with AMCF fracture involving minimal dis-

placement or small number of fragments can be treated nonoperatively.
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내반 및 후내측 회전 손상 : 영상학적 소견, 치료 및 결과

김 지 훈

계명대학교 대학원

의학과 정형외과학 전공

(지도교수 조 철 현)

(초록)

본 연구는 내반 및 후내측 회전 손상의 영상학적 소견, 치료 및 결과를

분석하고 이를 통해 치료 가이드라인을 제시하고자 한다. 6개의 병원에서

91예의 O’Driscoll classification Anteromedial type을 분석하였다. 평균 추

시 관찰 기간은 46.8 개월 이었다. 수술적 치료는 74.7%(68예)로 내외측 양

측 고정이 57.4%(39예), 내측 고정 23.5%(16예), 외측 고정 19.1%(13예)였

다. 비수술적 치료는 25.3%(23예) 이었다. Mayo Elbow Performance Score

와 Quick Disabilities of the Arm의 평균은 각각 93.7 ± 12.2 및 7.9 ± 15.6

이었다. 합병증 발생률은 22.0% 재수술의 빈도는 15%였다. 골절 골편의 양

상 및 외측 측부인대의 손상 정도에 따라 불안정한 내반 및 후내측 회전

손상에서 외측 혹은 내측, 양측 수술적 고정을 통하여 좋은 임상적 결과를

얻을 수 있다. 그러나 높은 합병증 발생률 및 재수술 빈도에 주의해야 한

다. 적은 수의 골편 및 전위가 작은 안정한 내반 및 후내측 회전 손상의 경

우 비수술적 치료로 만족할 만한 결과를 얻을 수 있다.
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