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Abstract

Introduction Elbow dislocation can lead to instability and stiffness of the elbow. The main goal of this study was to list the
initial elbow ligaments injuries caused by simple posterolateral elbow dislocations. The secondary goals were to assess liga-
ment healing 2 months after the initial dislocation, to research a correlation between ligaments injuries and clinical course,
and to search for predictive factors of instability.

Patients and methods Patients who had simple posterolateral elbow dislocation for the first time between January 2015 and
May 2016 were included. Each patient had an MRI scan of their traumatised elbow on the day of the dislocation and then
again 2 months later. The assessment was performed thanks to a clinical examination and calculation of functional recovery
scores. The Mann—Whitney U test was used to research a correlation between the healing of ligaments injuries and clinical
course.

Results Twenty-five patients were included in the study. The initial MRI scans showed 70% and 54% ligament rupture,
respectively, for the anterior band (ant MCL) and the posterior band (post MCL) of the medial collateral ligament (MCL),
as well as 79% for the ulnar (ULCL) and 50% for the radial (RLCL) lateral collateral ligaments. The healing rate 2 months
after dislocation was fairly low from 18% for the ULCL up to 41% for the anterior band of the MCL. No correlation was
found between the ligament healing noticeable on MRI scans and clinical course. No elbow instability was diagnosed during
the 4-month follow-up.

Conclusion Elbow dislocation is particularly damaging for ligaments. There is no predominance on medial or lateral liga-
ment for rupture. The low healing rate 2 months after the initial dislocation could be explained by performing a follow-up
MRI scan too early.
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Introduction

Elbow dislocations are fairly rare with a 6.1/100,000 per
year incidence rate [1] concerning especially men of the sec-
ond decade [2]. There are two types of dislocations: simple
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dislocations and complex ones which are made of one or
multiple associated fractures [3], respectively, in 74% and
26% of the cases. Studies of simple elbow dislocations and
their complications, such as posterolateral rotatory instabil-
ity [4], have been conducted.

So far no prospective study has ever classified systemati-
cally ligament injuries caused by these dislocations via MRI
data, but these lesions have been studied retrospectively [5,
6]. The main goal of this study was to list the initial elbow
ligaments injuries caused by simple posterolateral elbow dis-
locations via MRI data. The secondary goals were to assess
ligament healing 2 months after the initial dislocation, to
research a correlation between ligaments injuries and clini-
cal course, and to search for instability predictive factors at
medium and long term. Finally, based on many reports about
elbow dislocations arising from initial acute valgus load, we
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hypothesised that every patients could have a high-grade
medial injury but without necessarily any associated injury
of the lateral ligaments.

Methods

A prospective, epidemiological, observational, monocentre
study was conducted.

(1) Clinical aspects

The reduction was performed on the day of the disloca-
tion by the senior surgeon on call through external handling
via a plexus nerve block. Then, elbow-testing was carried in
extension and supination, or pronation in case of redisloca-
tion. Finally, we assessed valgus and varus ligament laxity.
The patient’s elbow was immobilised with a brachio-ante-
brachio-palmar plaster cast for 3 weeks. Each patient had
a follow-up consultation at 1 and 3 weeks after the initial
dislocation. A clinical examination was performed at 2 and
4 months after the initial dislocation. Calculations of two
scores, Quick Disabilities of the Arm, Shoulder and Hand
(QDASH) [7] and Mayo Elbow Performance Scores (MEPS)
[8], were performed at 2 and 4 months. Clinical assessment
of elbow instability was undertaken with the same method:

e Searching for signs of pain, apprehension, trigger liga-
ment

e Valgus and varus laxity assessment
Searching for a rotary instability via the “pivot-shift test”
or via the “chair sign test” starting from 2 months after
the initial dislocation

e Range of motion measurements in order to search for
joint stiffness.

Fig. 1 Radial band of lateral
collateral ligament, lateral view
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Finally, we conducted a telephone survey of all patients
to obtain data after a long period since the initial disloca-
tion. Patients were asked to give information about return-
ing to work, resuming sports activities and persistent symp-
toms. The Mann—Whitney U nonparametric test was used to
research a correlation between the ligament injuries healing
and clinical course at 4 months. Any clinical signs of pos-
terolateral elbow rotatory instability were also researched 2
and 4 months after the initial dislocation via the Wilcoxon
signed-rank test.

(2) Radiological aspects

The initial X-rays were performed before and after reduc-
tion, and each patient had an MRI scan of their traumatised
elbow on the day of the dislocation after reduction and under
plexus nerve block and then again 2 months later. Each
patient gave his oral consent after reduction for our follow-
up protocol. The position of the elbow in the MRI scanner
was from —30° to — 10° of extension.

The MRI scan of the elbow provided an early ligament
check-up. The device used was a General Electric ® 1.5 Tesla
extremity MRI. T1, T2 and T2 fat saturation sequences were
systematically performed. The MRI resolution enabled liga-
ments injuries to be classified regarding their localisations
[9] (Figs. 1, 2, 3, 4):

e medial collateral ligament (MCL): anterior band (ant
MCL), and posterior band (post MCL)

e lateral collateral ligament (LCL), radial band (RLCL),
ulnar band (ULCL), annular ligament.

All of the MRI scan reports were performed by the same
osteoarticular radiologist who did not get any information
about the clinical examinations of the elbows. As there was
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Fig.2 Ulnar band of lateral col-
lateral ligament, lateral view
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not any specific classification for elbow ligaments injuries,
these were graded as usually by our university hospital
osteoarticular team via a classification derived from knee
ligaments injuries [10]:

e Stage 1: periligamentous infiltration, continuous ligament
(Fig. 5)

e Stage 2: intra- and periligamentous infiltration, continu-
ous ligament (Fig. 6)

e Grade 3: tearing of the ligament

— a: partial (Fig. 7)
— b: complete (Fig. 8)

Fig.4 Radial band of lateral collateral ligament

(3) Statistical analysis

Two months after the initial dislocation, we assessed liga-
ment healing in order to classify it on a binary mode: «healed»
or «not healed». Criteria were defined with the osteoarticular
radiologists team. Ligaments were considered to be healed if
they at least regained a partial continuity after rupture or if
they regained their full continuity after partial tearing. In the
other cases, ligaments were reported as «not healed».

Results
Patients who had simple acute posterolateral elbow dis-

location for the first time between January 2015 and May
2016 were included. Non-included patients were minors,
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Fig.5 RLCL injury, stage 1

Fig.6 Ant MCL injury, stage 2

polytaumatised and those who had a type of fracture needing
any specific surgical or orthopaedic treatment. From January
2015 to May 2016, 25 patients were included in the study.
There were 17 men (68%) and 8 women (32%), aged from
18 to 62 years old.

The mean age was 38.4 (SD 11.7). The elbow disloca-
tion occurred on the dominant hand side in 14 cases (56%).

@ Springer

Fig.7 RLCL injury, stage 3a

Fig.8 RLCL injury, stage 3b

Four patients were lost to follow-up, but they all had an
MRI scan on the day of the trauma. The patients’ follow-
up is shown in Fig. 9.

After reduction, most of the patients showed signs of
valgus laxity (72%) during the clinical assessment of the
elbow. Some showed signs of posterolateral instability
(64%) when an axial valgus-supination constriction was
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performed. One patient had his elbow redislocated in a

range of motion starting from — 30° of extension.

The clinical scores results such as range of motion,
QDASH and MEPS are reported in Tables 1 and 2.
The clinical result of MEPS at 4 months was excellent
(MEPS > 90) for 16 patients, good (MEPS =75-89) for 4

patients and middle (MEPS =60-74) for 1 patient.

After a 14.7 months (5 months SD) period of time, we

reported on the last telephone survey:

e A 47-day mean for returning to work, a 117-day mean for

resuming sports activities

tralateral side at 3 weeks, 2 months, 4 months

Table 1 Loss of range of motion (in °) in comparison with the con-

3 weeks 2 months 4 months
Flexion 39° (12°) 22°(20°) 10° (14°)
(20°-50°) (0°-50°) (0°-50°)
Extension 40° (15°) 11° (15°) 5°(8°)
(5°-70°) (0°-50°) (0°-35°)
Pronation 14° (13°) 3°(8°) 0°
(0°-50°) (0°-20°) (0°-10°)
Supination 19° (18°) 1°(4°) 2°(5°)
(0°-55°) (0°-15°) (0°=20°)

e Two patients with similar symptoms to posterolateral

rotatory elbow instability.

Fig.9 Patients follow-up

1 unachievable MRI
(redislocation)

-1 patient followed
in another hospital
-1 patient lost to
follow-up,
redislocated at 2
months

-1 patient lost to

follow-up
-1 orisoner

One of them described “true sensations of dislocation”,
and the other one reported “subjective elbow instability sen-
sations”. Only one of the two patients attended the follow-up
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|

23 PATIENTS
|

21 PATIENTS
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Plaster
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Table2 QDASH and MEPS scores at 2 and 4 months

Table 4 MRI scans analysis after 2 months of ligament healing

QDASH QDASH MEPS MEPS 4 months
2 months 4 months 2 months

24 (11) 9(7) 83 (10) 96 (6)

(7-50) (0-23) (60-100) (70-100)

consultation. Faced with obvious signs of instability includ-
ing a positive lateral pivot-shift test associated with MRI
scans showing lack of healing of the ULCL, a ligamento-
plasty was performed 2 months afterwards. This surgical
procedure managed to stabilise the elbow joint.

The results of the initial ligament injuries visible on the
MRI scans are reported in Table 3. The rate of complete
tear of ligaments was fairly high, occurring mainly on the
ant MCL (70%) and the ULCL (79%). The number of liga-
ments per elbow which had a complete tear of their bands
was 4 for 6 patients (25%), 3 for 8 patients (33%), 2 for
8 patients (33%), 1 for 1 patient (4%) and O for 1 patient
(4%). A low number of ligament injuries had healed within
2 months (Table 4): from 19% (ULCL) to 41% (ant MCL).
Regarding clinical course, we reported one case of redislo-
cation which occurred in a patient who initially had elbow
instability starting from — 20 to — 30 degrees of extension.
An external fixator was fitted to ensure stronger immobili-
sation. Twenty-one patients had a follow-up consultation at
2 and 4 months. No signs of posterolateral rotatory elbow
instability were reported.

Regarding complications, three patients had paraesthesia
in the ulnar nerve area, although this had disappeared by the
3-week follow-up consultation. One patient had paraesthe-
sia in the median nerve area up to the second month of the
follow-up. One case of elbow instability leading to redislo-
cation occurred 1 week after the initial dislocation and had
to be treated by an external fixator. One patient underwent
a type 2 complex regional pain syndrome which was diag-
nosed after 4 months of follow-up. One patient had a severe
stiffness of the elbow which required an arthrolysis 5 months
after the initial dislocation.

We searched for a correlation between ligament healing
visible on MRI scans and better clinical course. Patients
were organised into two groups: the first with no healed

Table 3 Initial ligaments injuries check-up via MRI scans

MCL LCL

Ant MCL Post MCL RLCL ULCL Ann Lig
Stage 1 1 (4%) 12 (50%)
Stage 2 4 (17%) 1 (4%) 4 (17%) 6 (25%)
Stage3a 3 (13%) 10 (42%) 7029%) 5QR21%) 14%)
Stage 3b 17 (70%) 13 (54%) 12(50%) 19(79%) 5 (21%)
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LCM LCL

AntLCM PostLCM RLCL  ULCL  AnnlLig
Healed T@1%)  6(30%)  4(24%) 4(19%) 3 (50%)
Nothealed 10 (59%) 14 (70%) 13 (76%) 18 (81%) 3 (50%)

ligament bands and the second with at least one healed liga-
ment band. The assessment was performed on the range of
motion via QDASH and MEPS, 4 months after the initial
dislocation. No significant difference was found between the
two groups.

Discussion

We reported a high percentage of ligament injuries, espe-
cially for ULCL and ant MCL. It is particularly interesting to
note that in our study ULCL is the ligament with the higher
rate of complete tear. At first glance, we could possibly think
that the lateral side is simply the first one to tear in the pro-
cess. But it seems actually to be in favour of the O’Driscoll
model in which tearing of the ULCL, which often occurs
after elbow dislocation, is responsible of posterolateral rota-
tory instability. A recent study [11] even highlighted that
posterolateral rotatory instability only occurred when two
lesions were associated: ULCL and posterior band of MCL.
MRI remains the gold standard imaging for this type of
ligament injury [12, 13]. The main innovation of this study
was to perform a systematic imaging check-up immediately
after elbow dislocation and then 2 months later. It was the
first prospective study ever conducted on this matter. Rhyou
et al. [5] analysed MRI scans from 15 patients with injuries
caused by elbow dislocations. Injuries were reported from
ulnar to radial areas. Ulnar tissues were more frequently
injured. It was a retrospective analysis about patients who
had elbow dislocations over the 6 years prior to the study.
No data were provided about the indications for MRI scans.
Without any standard protocol to follow regarding clinical
indications for medical imaging, it calls into question the
relevance of the MRI scans which were performed. The
time period between the dislocation and the imaging was
also unreported. We can make the same comments about
Schreiber et al. [6] study which analysed 16 MRI scans of
simple posterior dislocations. In our study, there was no sig-
nificant difference between the number of complete tear of
ligament bands in between the medial and lateral planes. No
specific types of injury were found. However, our results
differ from those of the two studies previously quoted as
they both reported more frequent injuries in the ulnar area.
This high rate of ULCL ruptures may indicate that ruptures
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happen first on this type of ligament via a possible external
rotative-axial constriction-valgus mechanism pattern.

The ligament healing rate at 2 months was particularly
low. In 2016, Walper et al. [14] conducted a study which
analysed the healing of MCL after surgical treatment by
radial head prosthesis. Their period for analysis was longer
with a mean of 76 months. The healing rate was 87% which
is much higher than in our study. Based on these results,
it seems that clinical healing and radiological features of
healing are not synchronous. As no posterolateral rotatory
instability and valgus instability were reported in our cases,
we can say that there was a successful ligament healing pro-
cess. A 2-month period prior to the medical imaging follow-
up seems too short to observe a clear image of ligamentous
continuity. The fibrous callus which builds up into the gap
made by the ligament rupture is difficult to spot on MRI
scans. The ligamentous continuity image seems to appear
later. Therefore, it would be beneficial to perform MRI scans
in a later period in order to assess the healing process of each
ligament band again. The period of analysis attributed to our
study may have been too short.

The clinical course was satisfactory in comparison with
literature data, regarding huge case series such as De Haan
one [15] reporting on eight studies [1, 3, 16-21], and the
2015 Tordens one [22] reporting, respectively, on 86 and
100 patients.

The time to return to work was 47 days. Literature data
reported a return to work time from 8 days [22] to 3 weeks
[20] after functional treatment. After orthopaedic treat-
ment, it reported a return to work time from 3 weeks [22]
up to 7 weeks [20]. However, the 2015 Iordens et al. study
[22] reported no significant difference between both treat-
ments about recovery when assessed 1 year after the initial
dislocation.

Few studies have analysed the incidence of elbow insta-
bilities as a consequence of dislocations. In the telephone
survey, two patients reported potential clinical signs of pos-
terolateral rotatory instability despite a favourable clinical
course, and one of them was diagnosed with clinical signs of
elbow instability. However, these results were not significant
enough to search for instability predictive factors. In 2015,
Hackl et al. [23] showed MRI posterolateral rotatory insta-
bility signs criteria: a 1.2-mm radio-humeral joint incon-
gruence in the sagittal plane and a 0.7-mm ulnar-humeral
incongruence in the axial plane (posterior subluxation). This
result was interesting as it is complicated to diagnose such
conditions. When associated with a clinical examination, a
broader MRI analysis of our data could lead to the diagnosis
of more complications, especially as some cases of elbow
instabilities occurred in our study.

To conclude, the main strength of our study is to be
found in its prospective aspect. Indeed, for the first time
ever, elbow ligament injuries due to dislocations have been

systematically listed via high-performance imaging. How-
ever, the MRI scans analysis of acute elbow ligament inju-
ries occurring on the day of the dislocation can be difficult
to perform. The accuracy of the diagnosis is variable as it
depends on the osteoarticular radiologist’s experience [24].
Moreover, the duration of the time period before checking
up the ligament healing might have been too short. The fea-
tures of the population of our study were satisfactory as the
matter was about a rare pathology. However, the statistical
power of our study could have been higher if we had a bigger
number of patients.

Conclusion

This study is the only one to classify on a prospective and
systematic way ligament injuries using medical imaging.
Contrary to the literature data, we did not find any signifi-
cant ligament injuries specific to the medial plane. For this
reason, we have reassessed the lesional sequence which
has been known so far to occur from the medial plane to
the lateral plane. We reported a low ligament healing rate.
The 2-month duration after dislocation in order to assess
ligament healing via MRI seems too early. Performing an
MRI check-up after a longer duration would enable to rule
on a reasonable waiting period before resuming of physical
activities.
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