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Background: The ulnar collateral ligament (UCL), consisting of 3 bundles, is the primary medial re-
straint in the elbow. Recent research has demonstrated that ultrasound is an effective modality to evaluate
the medial elbow, whereas stress radiography is standard practice in the measurement of medial elbow
laxity. This study (1) compared dynamic ultrasound (USp) with stress radiography in the evaluation of
UCL insufficiency and (2) further evaluated the contribution of the anterior bundle of the UCL to medial
elbow stability.

Methods: Stress radiographs and USp, were used to obtain coronal plane measurements of the medial joint
space of 16 cadaveric elbows before and after USp-guided isolated transection of the anterior bundle of
the UCL. Measurements were performed with and without a valgus stress applied to the elbows, and gapping
of the ulnohumeral joint space was documented.

Results: Transection of the anterior bundle of the UCL resulted in 1.5 mm and 1.7 mm of additional gapping
in the ulnohumeral joint as measured with stress radiographs and USp, respectively. No differences were
recorded in the ulnohumeral gapping measurements between stress radiography and USp.

Conclusions: The lack of difference between measurements reveals USp is as reliable as stress radiog-
raphy in evaluating the medial ulnohumeral joint space and continuity of the UCL while eliminating radiation
exposure and minimizing cost of the diagnostic examination. The increase in ulnohumeral gapping with
isolated transection of the anterior bundle of the UCL demonstrates its significant contribution to medial
elbow stability.

Level of evidence: Basic Science Study; Anatomy; Imaging
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The ulnar collateral ligament (UCL), on the medial aspect
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and inserts on the sublime tubercle of the ulna. The poste-
rior bundle is a less defined thickening of the posterior elbow
capsule. The oblique bundle, also termed the transverse lig-
ament, is variably present and has little known role in elbow
stability. The anterior bundle clinically is the most impor-
tant bundle of the UCL because it is the primary restraint to
valgus stress from 30° to 120° of elbow flexion and is sus-
ceptible to injury in the overhead athlete."” Injuries to the
UCL lead to laxity of the medial elbow joint, with resultant
pain and a decrease in performance potentially resulting in
a career-threatening injury.’

The incidence of UCL injuries and resultant operations are
common, with an average overall incidence of 1.12 per 10,000
athlete exposures and 85% of injuries being attributed to
throwing.'* A survey of Division I collegiate baseball pro-
grams revealed approximately 2.5% of eligible collegiate
baseball players underwent surgery for an injured UCL in a
single season.”® A survey of professional baseball players re-
vealed that 25% of Major League Baseball pitchers and 15%
of Minor League Baseball pitchers had a history of UCL
reconstruction.'” Although UCL injuries are common in base-
ball players, injury to the UCL has also been reported in javelin
throwers,'*** arm wrestlers,”' and collegiate wrestlers.*'** In-
juries to the UCL in the overhead athlete are attributed to
multiple causes, including modifiable or preventable ones such
as overuse, early specialization, and playing when
fatigued.''>>%

Complete recovery after surgery to repair or reconstruct
the UCL takes months (return to competitive throwing in 9-12
months) and nonoperative treatment, if unsuccessful, further
delays return to play.’ Successful treatment requires a precise
and accurate diagnosis of the UCL injury, which is achieved
with a detailed and specific history, a complete physical ex-
amination, and multimodal imaging studies.

Available imaging techniques for evaluating the UCL
include static and dynamic methods. Static methods include
magnetic resonance imaging with or without an arthrogram.'®
Magnetic resonance arthrography enhanced with intra-
articular gadolinium has been shown to improve the diagnosis
of partial undersurface tears and small full-thickness
perforations.'® However, because of its cost, magnetic reso-
nance arthrography is not always available as an imaging
technique to diagnose a UCL injury. Plain radiographs with
contralateral elbow views are routinely obtained to evaluate
the patient with medial elbow pain. Radiographs may dem-
onstrate widening of the medial joint space, heterotopic
ossification, or bone ossicles along the expected course of the
ligament, suggesting injury."”

Dynamic imaging methods, such as stress radiography (XR)
and dynamic ultrasound (USp), allow for a more realistic rep-
resentation of medial elbow laxity as seen during activity.>®
XR remains a reference-standard imaging tool for evaluat-
ing medial elbow pain and laxity. XR allows for the
measurement of medial joint space widening compared with
the contralateral elbow.'>?” A gap on the injured elbow of more
than 0.5 mm compared with the contralateral elbow suggests

a UCL injury.”’ Recently, the use of USp has increased for
medial elbow assessment.*'%

To our knowledge, no studies have compared XR and USp
in UCL injured elbows. There are also no prior cadaveric sec-
tioning studies that have sectioned only the anterior bundle
of the UCL, while preserving the other medial structures, to
further evaluate its contribution to medial elbow stability.
Therefore, the purpose of this study was to (1) compare USD
with XR in the evaluation of medial elbow laxity and due to
UCL insufficiency and (2) further evaluate the contribution
of the anterior bundle of the UCL to medial elbow stability,
specifically with the remainder of the medial elbow soft tissue
support structures left intact.

Materials and methods

Specimens

The study evaluated 8 paired (16 total), fresh frozen cadaveric upper
extremity specimens, extending from the first rib to the finger tips,
based on an a priori power analysis calculation (2 tailed, 1 — §=0.80
and o = 0.05) to detect a significant difference between 2 imaging
modalities, USp and XR. The specimens were stored at —20°C and
thawed to room temperature before use. The donors were a mean
age of 77.0 years (range, 68-85 years) at the time of death, and arm
dominance was not available when the specimens were acquired.

Procedures

Static coronal plane measurements of the medial joint space of the
elbow were taken with XR and USp. Non-XRs were taken using
an OEC 9800 Plus Mobile C-arm (GE OEC Medical Systems, Inc.,
Salt Lake City, UT, USA) in accordance with methods previously
published by Bruce et al.® The medial joint space distance was mea-
sured by finding the most distal point of the medial trochlea and
measuring the vertical distance across the joint to the ulnar coro-
noid (Fig. 1, A).

Nonstress USp measurements were performed using a multifre-
quency 13-MHz linear-array transducer and standard acoustic coupling
gel (SonoSite X-Porte; FUJIFILM SonoSite, Inc., Bothell, WA, USA).
The probe was oriented along the long axis of the UCL. The troch-
lea of the humerus and the sublime tubercle of the ulna were identified
as hyperechoic peaks with acoustic shadowing on either side of the
ulnohumeral joint.” Ulnohumeral joint gapping measurements were
taken as the distance between the 2 hyperechoic peaks as previ-
ously described by Ciccotti et al.’

A valgus stress (15-daN) was then applied using a Telos SE 2000
stress device (METAX GmbH, Hungen, Germany) with the elbows
in neutral rotation and 30° of flexion. This angle was chosen to remain
consistent with prior stress elbow studies in the literature.*”'* XR
and USp measurements were repeated while under valgus stress. The
valgus stress opening for each imaging modality was calculated by
subtracting the joint space distance for the nonstress (NS) view from
the stress (ST) view (ST — NS = stress opening).

The anterior bundle of the UCL was then transected while pre-
serving the other medial soft tissue restraints (musculotendinous,
ligamentous, and capsular structures) using USD guidance by a phy-
sician with a Registered in Musculoskeletal sonography certification
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Figure 1  Ultrasound images of the medial elbow demonstrate mea-
surement of ulnohumeral joint gapping. Measurements were taken
using the “peak-to-peak” method measuring from the peak of the
trochlea of the humerus (left cross) to the peak of the sublime tu-
bercle (right cross). This distance between these 2 points is measured
(A) at rest and (B) with valgus stress on the elbow with an intact
ulnar collateral ligament and ulnar collateral ligament with tran-
section of the anterior bundle.

(RMSK). To create an isolated anterior bundle transection, an #11
blade was inserted percutaneously, precisely longitudinal to all other
medial structures until the location of transection at the ulnohumeral
joint line, at which point it was turned transversely to cut only the
anterior bundle of the ligament. It was then turned back 90° and taken
back out the same path, leaving all other structures intact.

After transection of the anterior bundle of the UCL, the elbows
were again stressed in the Telos device as previously described. XR
and USp were performed to measure gapping at the medial joint line
of the transected specimens (Fig. 1, B). The valgus stress opening
of the cut specimens for each imaging modality was calculated by
subtracting the joint distance for the NS view from the cut view
(cut — NS = cut opening). Furthermore, the difference between the
intact stress view and the cut stress view was calculated by sub-
tracting the joint distance of the valgus stress view of the intact
specimen from the valgus stress view of the cut specimen
(cut — ST = UCL transection stress difference). The specimens were
then dissected out to confirm sectioning of the anterior bundle of
the ulnar collateral ligament only and to confirm that the other sta-
bilizing structures were still intact. Photographs were taken to
document findings.

Statistical analysis

Before the analysis was conducted, the assumption of normally dis-
tributed measures was examined. Data were checked for the
assumption of normality using the Shapiro-Wilk test indicating non-
normality of data (P <.05), and skew and kurtosis scores were
observed for exceeding the maximum allowable values for a 7 test
(ie, skew <I2.0l and kurtosis <19.01).% Data for NS, ST, and Cut values
had a normal distribution and were evaluated using paired-samples

TableI Results of ulnohumeral joint space measurements
between radiographs and dynamic ultrasound in a nonstressed,
stressed, and cut state

Measurement Radiograph Ultrasound
Mean £ SD, Mean £ SD,
mm mm
Nonstress 3.2%£1.0 5.4 £1.9*
Stress 4.8t 1.6 7.0 £ 2.0*
Cut 6.3+ 1.5 8.7 £2.8%
Stress opening (ST — NS) 1.6+ 1.3 1.6 £ 0.8
Cut opening (cut — NS) 3.1+1.8 3.3+2.2
UCL transection stress 1.5+2.1 1.7+2.1

difference (cut — ST)

SD, standard deviation, ST, stress; NS, nonstress; UCL ulnar collateral
ligament.

* Indicates a significant difference (P < .05) between radiography and
dynamic ultrasound measurements. The stressed and cut measurement
represents a valgus load (15-daN) created by the Telos stress device
(METAX GmbH, Hungen, Germany) with an intact and transected ante-
rior bundle of the UCL, respectively.

t tests. Separate nonparametric Mann-Whitney U tests were con-
ducted to evaluate differences between XR and USp measures among
stress opening (ST — NS), cut opening (cut — NS), and UCL tran-
section stress difference (cut — ST) measurements. Statistical
significance was set a priori at P < .05. All statistical analyses were
performed using SPSS 22.0 software (IBM, Armonk, NY, USA).

Results

Means and standard deviations of the XR and US measure-
ments for NS, ST, Cut, stress opening, cut opening, and UCL
transection stress difference are presented in Table I. Signif-
icant differences were observed between XR and USp in NS
(tis=-5.90, P <.001), ST (t,s =—-4.47, P <.001), and cut
(t1s=-3.15, P =.007). There was no difference between the
XR and USp measurements in stress opening (U = 108.0,
P = .451), in which the average stress opening was 1.6 mm
when using both imaging modalities. There was no differ-
ence in cut opening (U = 85.0, P =.105), where the average
cut opening was 3.1 mm in XR and 3.3 mm in USp. Further-
more, there was no difference between XR and USp in UCL
transection stress difference (U = 94.0, P = .200), where the
average difference was 1.5 mm in XR and 1.7 mm in USp.

Discussion

Despite advances in prevention and treatment of elbow in-
juries in throwing athletes, the incidence and disability due
to these injuries continues to rise.'"” Surgical treatments have
proven to be reliable over time, but the decision to operate
or not operate on an injured athlete remains difficult. Precise
evaluation of the structural integrity of the UCL ligament is
central to the process. XR and USp have both been success-
fully used to evaluate the UCL, although no studies to date
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have directly compared the 2 imaging methods.>*%!%!>2! Con-
sequently, the results of this study indicate that XR and USp
are equally effective in evaluating the medial elbow joint space
and injury to the UCL.

XR has been proven reliable in measuring the ulnohumeral
joint space and diagnosing tears of the UCL; however, this
technique does not provide a direct assessment of the liga-
ment itself.?” In individuals without a history of elbow trauma
or instability and who are not overhead athletes, ulnohumeral
gapping, as measured by valgus XR, is expected to be equal
between the dominant and nondominant elbows.” In throw-
ers, however, an increase in the amount of ulnohumeral
gapping of the dominant arm may be considered adaptive and
normal.*" In their study of 40 asymptomatic professional pitch-
ers, Ellenbecker et al'® found the medial joint space of the
dominant elbow opens an average of 0.32 mm more on the
stress view compared with the nondominant elbow (1.20 and
0.88 mm, respectively).

Establishing a cutoff point of laxity on XR in the diag-
nosis of UCL tears is variable, because laxity due to
accommodation from valgus forces related to throwing is
expected.®'” Rijke et al?’ evaluated 42 athletes with sus-
pected UCL tears and found joint space widening of more
than 0.5 mm compared with the unaffected side was diag-
nostic for complete or high-grade partial tears of the UCL,
and those with a gapping of less than 0.5 mm were found to
have normal ligaments or partial UCL tears that could be
managed conservatively. Similarly, Bruce et al® showed that
0.6 mm of gapping can be expected with XR in throwers with
complete UCL tears as determined through magnetic reso-
nance imaging findings. This differed from previous reports
of 2 to 3 mm of gapping on XR with manual stressing."'*'**
The difference in these findings is postulated to be related
to the use of a standardized valgus stress device used.

Our results indicate that complete transection of the UCL
in a cadaveric model results in 1.5 mm of additional
ulnohumeral gapping as measured by XR (UCL transection
stress difference). This more closely represents the contri-
bution of the anterior bundle to medial elbow stability and
resembles in vivo changes seen in the injured state due to
dynamic stability provided by the other medial structures, spe-
cifically the flexor pronator mass.

Our results reveal no significant differences between XR
and USp when evaluating the ulnohumeral joint, indicating
either method can be used as a reliable imaging tool for the
assessment of the UCL. US provides an efficient, low-cost,
and noninvasive alternative that is free of radiation. Perhaps
even more importantly, US can provide a dynamic, function-
al assessment of the soft tissue stabilizers of the medial elbow,
specifically the anterior bundle of the UCL, with and without
applied loads.”*”?° USp also allows the examiner to assess
whether the addition of stress to the elbow reproduces the pain
experienced by the patient during activity, further expanding
the clinical examination. Our results indicate a stress opening
difference (ST — NS) of 1.6 mm, whereas Bica et al* ob-
served a similar but slightly smaller stress opening difference

of 1.3 mm in the dominant arm of 18 healthy pitchers, which
may be explained by the contribution of dynamic stabilizers
or guarding in a healthy participant that is not observed in a
cadaveric model.

The contribution of the anterior band of the UCL to medial
elbow valgus stability was further evaluated in this study. The
study published by Ciccotti et al’ in 2014 demonstrated the
relative contributions of medial elbow stabilizers in a cadav-
eric model using sequential sectioning. They used USp to
quantify the contributions of each anatomic portion of the UCL
and the flexor-pronator muscle mass to medial elbow stabil-
ity. Using 2 separate sectioning sequences, they demonstrated
discreet changes in gapping with the sectioning of each medial
elbow soft tissue stabilizing structure. They showed that release
of the anterior bundle of the UCL led to the greatest increase
in gapping. Specifically, they found that sectioning the com-
plete anterior bundle of the UCL led to medial ulnohumeral
gapping of 3.4 mm, whereas the sum of the release of all other
structures in the study was less than 1.4 mm. This led the authors
to conclude that any gapping detected on stress US of 21.4 mm
is only seen with injuries to the anterior bundle of the UCL.’

The UCL transection stress difference (cut — ST) of 1.5 mm
and 1.7 mm, as measured using XR and USp, respectively,
reflects injury to the anterior bundle of the UCL and is similar
to what is seen in clinical studies of XRs as previously
reported.*”'**" The presence of a complete soft tissue sleeve
and tension in the musculature would most likely account for
the small difference between our cadaveric model and the pre-
viously reported clinical studies.

The current study has several limitations. USp is user-
dependent and requires an experienced ultrasonographer. The
USp evaluations in our study were performed by an experi-
enced musculoskeletal radiologist with more than 15 years
of experience and who routinely performs studies on high-
level athletes. Previous literature has documented the accuracy
of using USp to measure ulnohumeral joint gapping with a
precision of less than 0.5 mm, which may still induce some
error of measurement.”

Our cadavers were a mean age of 77 years (range, 69-85
years). Although age can introduce variables, such as degen-
erative changes with joint space narrowing, bone spurs, or
baseline tears in the ligament, no gross tears, partial or com-
plete, were seen during the presectioning evaluation of the
medial ligaments.

Conclusion

There were no significant differences between XR and USp
in the evaluation of medial elbow laxity in this cadaveric
study. These findings support the use of USp as a pre-
ferred method of evaluation of medial elbow instability in
the throwing athlete. USp, gives a fast, comprehensive eval-
uation of the UCL in both static and dynamic states
while minimizing cost and eliminating radiation exposure
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to the patient. Isolated sectioning of the anterior bundle of
the UCL resulted in 1.7 mm of increased medial laxity, in-
dicating its significant contribution to medial elbow stability.
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