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he drop sign, a radiographic warning sign of elbow
nstability
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ersistent instability or redislocation is uncommon but
f significant concern in treating elbow dislocations.
inding an objective, static radiographic sign that
ight correlate with the presence of instability was the
urpose of this study. Pre- and post-reduction radio-
raphs of 10 consecutive simple and complete adult
lbow dislocations were reviewed and compared with
adiographs of 20 consecutive adult elbows without
ny trauma history. A statistically significant measured

ncrease in static ulnohumeral distance was noted on
he routine unstressed post-reduction lateral radio-
raphs of patients sustaining dislocation. We have

ermed this increased distance the drop sign. It differs
rom the radiographic ulnohumeral separation noted
uring O’Driscoll’s test for posterolateral rotary insta-
ility, which is present only with axial compression.
he drop sign becomes concerning only if persistent
fter the first reduction radiograph and may be a
arning sign of the presence of instability. (J Shoulder
lbow Surg 2005;14:312-317.)

lbow dislocations are commonly encountered by
rthopaedic surgeons and emergency medicine phy-
icians alike. The elbow is second only to the shoulder
n the incidence of nonprosthetic joint dislocation,
nd the incidence of elbow dislocation is much more
ommon in children. As a result of the elbow’s con-
ruent articular configuration, stiffness has historically
een the most common posttraumatic complication.
owever, its solution by immediate or early motion
as evolved only in recent years, largely as a result of
ur better understanding of the pathomechanics and
athoanatomy of elbow dislocation. This has altered
ur treatment algorithm from historically prolonged
asting to immediate mobilization, brief splinting, or
rotective hinge bracing as determined by instability

rom the Division of Orthopedic Surgerya and Department of
Radiology,b Duke University.
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esting, recognizing that the forces of muscle loading
end to stabilize this congruous joint. The rare prob-
em of persistent instability or redislocation when it
ccurs, however, can be troublesome for the manag-
ng surgeon. It is toward these latter 2 problems that
his study is directed. After manipulative reduction or
hen spontaneous relocation occurs, a routine lateral

adiograph may sometimes show widening or sepa-
ation of the ulnohumeral space, without dislocation
f the proximal radioulnar joint (Figure 1). We have

ermed this increased distance between the trochlea
nd the sigmoid notch the drop sign. The purpose of

his report is to draw attention to this sign, which we
ave found likely to be associated with complete
isruption or attenuation of either the lateral or medial

igament complex, or both (Figures 1 and 2). It differs
rom the radiographic ulnohumeral separation or
erching sometimes noted during O’Driscoll’s test for
osterolateral rotary instability, which is present only
ith axial compression and valgus stress.10,11

The pathomechanics and pathoanatomy of an in-
ex simple elbow dislocation or subluxation have
een reported by multiple authors and texts on the
ubject. O’Driscoll et al10 have presented their patho-
natomic description as a sequential process that
ccurs with simple dislocation of the elbow, com-
encing in a clockwise direction with forearm exter-
al rotation on the trunk and a resulting elbow supi-
ation moment. After this, a valgus moment is
roduced as a result of the location of the traumatic
echanical axis medial to the elbow. Thus, supina-

ion and valgus moments, combined with requisite
xial compression, have been used to reproduce
islocations in controlled experimental settings. This
escription by O’Driscoll et al represented an update
f the original posterolateral rotational displacement

heory of Osborne and Cotterill.12 The latter authors
imilarly proposed an elbow supination moment cou-
led with valgus stress and furthermore postulated the
oncomitant anatomic process of the superior strip-
ing of the lateral collateral ligament and tearing of

he posterolateral capsule.
O’Driscoll et al11 divided the soft-tissue disruption,

hich occurs with elbow dislocation, into 3 distinct
nd sequential stages. Stage I represents disruption of

t least the lateral ulnar collateral ligament,1 which
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roduces posterolateral rotary subluxation of the el-
ow. Stage II encompasses incomplete posterolateral
islocation produced by anterior and posterior soft-

issue disruption. This produces the radiographic cor-
elate of a perched coronoid on the trochlea. Stage
IIa involves extension to the medial side of the elbow
ncluding damage to the posterior bundle of the me-
ial collateral ligament (MCL) complex. Of note, the
nterior bundle of the MCL complex may remain

ntact at this stage. The intact anterior bundle then
rovides a pivot by which posterolateral rotation can
ccur. In stage IIIb, the entire MCL complex is com-
romised. Thus, varus/valgus instability is intro-
uced. This explanation is consistent with the most
ommon type of elbow dislocation being posterolat-
ral.

Some radiographic correlates to these ligamentous
njuries have been described previously in the litera-
ure. However, we are not aware of any studies
bserving the static radiographic findings after iso-

Figure 1 A 68-year-old woman sustained a Smith-typ
the elbow (A and B) were interpreted as being negative
film at that time. Occult dislocation of the elbow occur
cast for the wrist fracture, was discovered 5 weeks aft
of the medial and lateral ligament complexes were fo
ated and sequential severance of each component of p
he medial and lateral collateral ligament complexes.
urthermore, it has been the observation of the senior
uthor (R.W.C.) over many years that the delayed
resence of radiographic widening or separation of
or both sides of the joint (drop sign) on a routine

ateral radiograph after elbow trauma suggests cap-
ular/ligamentous compromise and persistent insta-
ility. The drop sign refers to the increase in distance
etween the trochlea and olecranon and, if persistent
adiographically after initial reduction, may often be

part of the picture of chronic instability or herald
edislocation (Figure 2). No absolute measurements
f the ulnohumeral interspace have been made dur-
ng these observations over the years; rather, redislo-
ation or chronic instability has not uncommonly been
oted when an increased ulnohumeral distance is still
resent on routine follow-up radiographs taken after

oading occurs, days, weeks, or longer after index
eduction or while the arm is in a cast. The desire to
orrelate this observation by clinical assessment has

ture of the distal radius. Concomitant radiographs of
sseous injury. A drop sign was not noted on the lateral
hile the patient’s arm was immobilized in a long arm
ury (C), and required open treatment. Complete tears
t operation.
e frac
for o

red w
er inj
rompted this investigation.
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ATERIALS AND METHODS

This study was divided into 2 clinical parts. The first
onsisted of the evaluation and measurement of the ulnohu-
eral distance present on post-reduction lateral radio-
raphs of adult patients presenting with simple, complete,
onprosthetic elbow dislocation to the emergency depart-
ent at a level-I trauma center. After approval from the

nstitutional review board, we initially obtained a list of all
islocations with and without fractures about the elbow
rom a search by International Classification of Diseases,
inth Revision codes from January 1998 through August
002. A total of 183 patients were identified. After a
reliminary review of the radiographs of these patients
hose diagnoses included multiple fractures and fracture
islocations about the elbow, we found that both the diag-
oses and radiographic measurements were too variable to
e included in this study. Therefore, we excluded all com-
lex dislocations and included only the simple, complete
islocations. In all, there were only 11 uncomplicated sim-
le and complete dislocations of record. Of these 11 pa-

Figure 2 A 24-year-old man fell while playing basketb
dislocation self-reduced (A), and the patient did not
follow-up. At a return visit 4 weeks after injury, gross va
of active flexion and extension as a result of pain and s
torn medial and lateral collateral ligament complexes.
fixator were carried out (C), and after 4 weeks of stab
135° (D). A drop sign was noted (A and B).
ients (group A), 10 had pre- and post-reduction lateral
adiographs on file. Each lateral view was taken according
o our institutional protocol with the elbow flexed to 90°,
entered over the trochlea, with the forearm in neutral
otation and with the arm lying flat on a cassette on the
able. This routine position was that used in our institution to
btain lateral views even under conditions of trauma, being
s close to a true lateral radiograph of the elbow as
ossible, as described by London.6 The trochlear sulcus
as clearly visualized, and this was the proximal portion of

he ulnohumeral measurement. The distal point of measure-
ent was the intersection of the vertical line from the hori-
ontal point of the trochlear sulcus with the articular surface
f the olecranon. These measurements were recorded on
lms obtained with the following descriptors: Kodak Xomat
Eastman Kodak, Rochester, NY) regular cassettes of 10 �
2–inch dimensions, 48-inch target film distance with 50 to
0 kilovolt peak (kVp), 600 milliamperes (ma), and a
.0125-second exposure time. Measured ulnohumeral dis-

ances are recorded in Table I, along with measurements at
nal follow-up and period of time to follow-up.

nd sustained a posterior dislocation of the elbow. The
rgo immobilization after being seen and was lost to
nd valgus clinical instability was noted, along with loss
ation. B, A magnetic resonance image revealed total

n reduction and stabilization with a dynamic external
motion in the fixator, the range of motion was 35° to
all a
unde
rus a
ublux
Ope

ilized
Second, to obtain a clinical comparison and control
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roup, an adult series of 20 consecutive lateral elbow
adiographs (group B) interpreted as normal by the attend-
ng radiologist on duty at the time of patient presentation
ere evaluated by the authors. Normal was defined as the
bsence of fracture, dislocation, qualitative bone abnormal-

ty, or joint effusion. The measured ulnohumeral distances
ecorded from this portion of the analysis can be found in
able II. The Wilcoxon rank sum test was used to compare
he data between groups A and B.

ESULTS

In this clinical study, a review of the post-reduction
ateral radiographs of 10 adult patients after simple,
omplete elbow dislocation (group A) revealed the
resence of a drop sign in 9 of 10 patients in whom

he radiographically measured ulnohumeral distance
as 4 mm or more. The 1 patient not considered to
ave a drop sign in this small series had a measured
lnohumeral distance of 3 mm (Table I). Of the 10
atients, 8 were treated with splinting, 1 was treated
ith a hinged brace, and 1 did not undergo immobili-
ation. All had full mobilization within 2 weeks. In 2 of
0 patients, instability developed and redislocation oc-

able 1 Ulnohumeral distance measurements on lateral radiographs

PT. No. Elbow
Immediate Post-Reductio

Ulnohumeral Distance

1. R 4mm
2. R 5mm
3. L 4mm
4. R 10 mm
5. R 5mm
6. L 3mm
7. R 4mm
8. R 9mm
9. L 8mm

10. L 7mm

unsatisfactory radiograph for measurement after fixator removal

able 2 Measurement of ulnohumeral distance on lateral
adiographs of 20 “normal” adult elbows

Pt. No.
Ulnohumeral

Distance Pt. No.
Ulnohumeral

Distance

1. 2mm 11. 2mm
2. 2mm 12. 3mm
3. 2mm 13. 3mm
4. 2mm 14. 3mm
5. 2mm 15. 3mm
6. 2mm 16. 3mm
7. 2mm 17. 3mm
8. 2mm 18. 3mm
9. 2mm 19. 3mm

10. 2mm 20. 3mm
urred, and they were treated secondarily with a dy-
amic external fixator with ultimate restoration of stabil-
ty. All 10 patients had clinical stability at follow-up.

In comparison, the measured ulnohumeral distance
n each of the 20 consecutive normal lateral elbow
adiographs (group B) reviewed was 3 mm or less
Table II). There was a statistically significant (P �
0001) increase in ulnohumeral distance when the
mmediate post-reduction values in group A were
ompared with the values in group B.

ISCUSSION

Stiffness after dislocation at the elbow is ordinarily
f more concern than the uncommon occurrence of
hronic instability or redislocation. Previous reports
ave shown that immediate or early mobilization
esults in only rare instances of redislocation (Johan-
on,3 0/31 elbows; Protzmann,13 0/27 elbows; and
ehlhoff et al,7 0/52 elbows). The contribution of the

rimary and secondary elbow stabilizers has been
ell documented in the literature.2,8–10,14,15 Simi-

arly, the performance of elbows with ligamentous
eficiency during stress testing is predictable and can
e identified during physical examination of the trau-
atized elbow and by radiographic and scanning

echniques. Studies to quantify the ligamentous com-
romise in terms of varus and valgus instability have
een performed.16 Sojbjerg et al16 specifically eval-
ated the role of the MCL complex for individual
omponent contribution to varus and valgus instabil-
ty, as well as internal and external rotary instability.
hey concluded that the anterior band of the MCL was
he prime stabilizer to valgus and internal rotatory
tress. They added that this stabilization occurred
nly between 20° and 120° of flexion. The inherent
lbow stability outside of this flexion range precluded
ny valid measurements. Thus, the 90° flexion posi-

ion used when lateral elbow radiographs were ob-
ained was within the range in which the MCL nor-
ally provides stability.

consecutive adult patients with simple elbow dislocation

Follow-Up
Interval (Months)

Final Follow-Up
Ulnohumeral Distance

2 3mm
36 N/A*
14 3mm
68 4mm
2 3mm
3 3mm

12 3mm
4 3mm
1 4mm

58 4mm
of 10

n

In performing ulnohumeral measurement, it is im-
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ortant that the measured distance be from the troch-
ear sulcus to the olecranon. This might be confusing
rom a lateral radiograph until one realizes that the
ulcus is more proximal in location and more circular
ith a smaller radius when compared with the capi-

ellum (Figure 1, A). According to London,6 a true
ateral radiograph of the elbow requires concentric
ositioning of the 3 arcs represented by the trochlear
ulcus, the capitellum, and the medial margin of the
rochlea, with the x-ray beam at an angle of about 7°
o compensate for the varied degree of valgus angle
f the articular surface.

To our knowledge, radiographic studies to iden-
ify specific ligamentous/capsular compromise
ithout any type of stress testing have not been

ormally reported. Authors reporting series of pro-
pective and elective operative treatment of elbow
islocations have almost universally found disrup-

ion of the adjacent capsule coexistent with com-
lete tears of either the medial or lateral ligament
omplexes.4,5,12 If we accept the sequential mech-
nism of elbow dislocation described by O’Driscoll
t al,10 progressive capsular disruption occurs with
uccessive stage advancement. To correlate the
adiographic drop-sign increase in ulnohumeral
istance with the pathoanatomy of dislocation de-
cribed by O’Driscoll et al, one would have to
onsider that it represents a level of soft-tissue dis-
uption beyond the perching level between stages II
nd IIIa on the lateral side and/or IIIb on the medial
ide. The role and effect of the dynamic stabilizers
reclude any attempt to correlate specifically dam-
ged soft-tissue structures at the elbow scientifically
y merely observing radiographs. We also agree
ith the statement of Johanson3 that “any attempt to

Figure 3 (A), The drop sign (DS) of a gravity-separate
specimen with the medial ligamentous/capsular comp
transverse ligament; PB, posterior band. (B), The drop
demonstrated on a fresh tissue specimen with the lat
collateral ligament; AL, annular ligament; LUCL, latera
econstruct in autopsy material the stresses to which u
he elbow is exposed to in an accident is of limited
alue, since muscular activity and interplay be-
ween groups of muscles, body weight, rate of fall
re of decisive importance to the injuries resulting
rom events in the accident.” Our primary objective
n this study was to draw attention to the signifi-
ance of the sign as a warning of the presence of
nstability and concern if it persists or recurs after
n index reduction film is obtained. Noting a de-

ayed drop sign after initiating early mobilization of
dislocated elbow may suggest the need for re-

eated stability testing, protective bracing, a dy-
amic fixator, or an open ligamentous repair. The
atter, or each step, could be preceded by a con-
rmatory magnetic resonance imaging scan for
ccurate assessment of the soft-tissue structures dis-
upted.

A limitation of our study is the lack of standard-
zation of radiographs, as the clinical films were
ot made under the authors’ direct supervision in
he emergency or radiology departments. In addi-
ion, the radiographs were obtained in different
ocations, at different times, and under traumatic
ircumstances. Therefore, interpretation of our re-
orded measurements can only reflect the authors’
ffort to interpret the findings and measurements as
losely as possible. In most instances of instability,
hen a drop sign is present, gross ulnohumeral

eparation is obvious without measurement. We
ave determined its significance in a small number
f cases when the ulnohumeral distance was
reater than or equal to 4 mm (Figures 1 and 2). It
ould be impossible from an ulnohumeral distance
easurement alone to determine which ligamen-

ous structures are precisely involved without the

ohumeral joint space is demonstrated on a fresh tissue
flected. AC, Anterior capsule; AB, anterior band; TL,
(DS) of a gravity-widened ulnohumeral joint space is

igamentous/capsular complex reflected. RCL, Radial
r collateral ligament.
d uln
lex re
sign
se of additional radiographic modalities (mag-
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etic resonance imaging) or operative exposure.
he anatomy of the drop sign is shown in Figure 3,
and B. Detection of the drop sign is no substitute

or careful physical examination and stress testing.
ather, it appears to be only an at-risk indicator
uggestive of instability, present immediately after
ndex reduction, but it is noteworthy if it does not
isappear on follow-up while the patient’s arm in a
ast or after mobilization loading.

In an effort to establish a possible correlative
adiographic measurement of the radiocapitellar
nterval and alignment, as a possible associated
ign of instability, all radiographs observed in this
tudy were reviewed, and the slight variations in
atient and x-ray beam positioning were found to
e too variable to be controlled. It is of interest that

he drop sign can occur without radioulnar dissoci-
tion and may indicate a rotational deformity on
ither side of the joint.

In conclusion, the drop sign is an objective, static
adiographically measurable increase in ulnohu-
eral distance that may be present on immediate
ost-reduction lateral radiographs, which usually
isappears after muscle loading with mobilization;
oncern is warranted only when the sign is still
resent on follow-up radiographs with the patient’s
rm in a cast or after mobilization is initiated. If
ersistent instability is then determined by stress

esting, consideration may need to be given to
urther protected motion by use of a hinged brace,
ynamic external fixator, or open restoration of

igamentous and/or muscular stability. Stability
valuation at each follow-up visit is mandatory.
rolonged incongruous motion from instability can
nly be catastrophic if not addressed. Further cor-
elative radiographic and anatomic studies of the

lnohumeral interval after trauma will be required
efore definite predictive instability can be based
n this sign.
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