
https://doi.org/10.1177/24730114221112101

Foot & Ankle Orthopaedics
2022, Vol. 7(3) 1 –7

© The Author(s) 2022
DOI: 10.1177/24730114221112101

journals.sagepub.com/home/fao

Creative Commons Non Commercial CC BY-NC:  This article is distributed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction  

and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages  
(https://us.sagepub.com/en-us/nam/open-access-at-sage).

Article

Introduction

Ankle fractures are one of the most common injuries treated 
by orthopaedic surgeons. Depending on the injury pattern, 
ankle fractures can be characterized as stable or unstable, 

with unstable fractures often requiring operative treatment 
to stabilize the mortise and achieve anatomic reduction. 
Although instability can be easily discerned in bimalleolar 
or trimalleolar ankle fractures, in isolated lateral malleolus 
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Abstract
Background: Assessment of mortise stability is paramount in determining appropriate management of ankle fractures. 
Although instability is readily apparent in bimalleolar or trimalleolar ankle fractures, determination of instability in the 
isolated Weber B fibula fracture often requires further investigation. Prior authors have demonstrated poor predictive 
value of physical examination findings such as tenderness, ecchymosis, and swelling with instability. The goal of this study is 
to test the validity of a new clinical examination maneuver, the lateral drawer test, against the gravity stress view (GSV) in 
a cohort of patients with Weber B fibula fractures. Secondary goals included assessing pain tolerability of the lateral drawer 
test, as well as testing interobserver reliability.
Methods: Sixty-two patients presenting with isolated fibula fractures were prospectively identified by an orthopaedic 
nurse practitioner or resident. Three nonweightbearing radiographic views of the ankle as well as a GSV were obtained. 
Radiographs were not visualized before conducting the lateral drawer test. Two foot and ankle fellowship–trained 
orthopaedic surgeons performed and graded the lateral drawer test. Radiographs were then examined and medial clear 
space (MCS) was measured. Visual analog scale (VAS) pain scores were obtained before and after testing. The results of the 
lateral drawer test were compared with radiographic measurements of MCS on GSV. A cadaveric experiment was devised 
to assess interobserver reliability of the lateral drawer test.
Results: Thirty (48%) of 62 consecutively enrolled patients demonstrated radiographic instability with widening of the 
MCS ≥5 mm on GSV. When correlated with MCS measurement, the lateral drawer test demonstrated a sensitivity of 83%, 
specificity of 97%, positive predictive value (PPV) of 96%, and negative predictive value (NPV) of 86%. There was a strong 
correlation between the lateral drawer test grade and amount of MCS widening (Spearman correlation ρ = 0.82, P < .005). 
Patients tolerated the maneuver well with an average increase of 0.7 on the VAS pain scale. Testing of 2 observers utilizing 
the cadaveric model demonstrated a Cohen’s Kappa coefficient of 0.7 indicating moderate interobserver agreement.
Conclusion: The lateral drawer test demonstrates high sensitivity, specificity, PPV, and NPV with moderate interobserver 
reliability compared with the MCS on GSV in patients presenting with Weber B fibula fractures. Although further external 
validation is required, the lateral drawer test may offer an adjunct tool via physical examination to help determine mortise 
stability.
Level of Evidence: Level II, Prospective Cohort Study.
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Weber B ankle fractures, this assessment can be more dif-
ficult to accurately ascertain.

In the setting of an isolated Weber B ankle fracture, insta-
bility is conferred when there is a concomitant injury to the 
medial structures, whether that be osseous or ligamentous. 
Lauge-Hansen’s original work emphasized the importance of 
medial structures as the final component to fail before confer-
ring mortise instability.15 Although a supination external rota-
tion (SER) IV injury readily demonstrates instability on 
radiography via the fractured medial malleolus, his theory 
postulated similar instability secondary to radiographically-
occult deltoid ligament disruption. Although more recent 
studies have questioned the validity and reproducibility of 
the Lauge-Hansen classification,9,14,19 the seminal work nev-
ertheless created a framework for understanding the impor-
tance of mortise stability.

In the modern-day treatment of Weber B ankle fractures, 
stability is frequently assessed with radiographic stress 
views using a medial clear space (MCS) threshold of 4 to  
5 mm4,7,17,18,20,26 to determine stability. Although initial 
studies predominantly described use of the manual external 
rotational stress test,7,17 providers frequently found that 
many patients did not tolerate manual manipulation of the 
acutely injured ankle. Thus, gravity stress view (GSV) 
radiographs, using only the weight of the patient’s own foot 
as a deforming force, have been increasingly used.10 Some 
studies advocate for the use of weightbearing radiographs 
to determine mortise stability, with good 1-year clinical out-
comes.12 Magnetic resonance imaging has been found to 
lack correlation with stress radiographs, suggesting inabil-
ity to predict mortise instability.21

The role of physical examination in determining mortise 
stability has mostly fallen by the wayside. Previous studies 
have shown poor predictive value of medial ankle tender-
ness, swelling, or ecchymosis for the presence of a destabi-
lizing deltoid ligament disruption.5,7,17,25 However, no study 
has documented a physical examination maneuver to test 
for mortise instability. Multiple investigations have exam-
ined the use of the anterior drawer test in assessing ankle 
instability and have demonstrated reliability, reproducibil-
ity, and predictive value.6 Similar to determining lateral 
ankle ligament laxity via the anterior drawer test, we pro-
pose a new clinical test, the lateral drawer test, as a tool to 
help determine mortise instability in isolated Weber B ankle 
fractures. The goal of this study is to compare the lateral 

drawer test to the GSV and determine specificity, sensitiv-
ity, positive predictive value (PPV), and negative predictive 
value (NPV) of this clinical test maneuver.

Materials and Methods

The institutional review board of our hospital system 
approved this study. Sixty-two patients who presented with 
an isolated fibula fracture were prospectively enrolled by an 
orthopaedic nurse practitioner or resident in the senior 
authors’ clinics (JYK, CPM). Inclusion criteria for this 
study included >18-year-old patients with an acute isolated 
Weber B ankle fracture presenting within 1 week from time 
of injury. Exclusion criteria included patients with signifi-
cant barriers to GSV imaging, injuries >1 week from time 
of injury, unable to provide independent consent, bimalleo-
lar or trimalleolar ankle fractures, open fractures, and ankle 
fracture-dislocations. Only the nurse practitioner or resident 
had visualized the radiographs at initial enrollment; the 
x-rays remained hidden to the senior authors until after clin-
ical assessment of each patient. The research protocol was 
completed in all patients prior to any treatment. Patient age, 
gender, and laterality were recorded.

The foot and ankle fellowship–trained senior orthopaedic 
surgeons (JYK, CPM) were not allowed to visualize the 
radiographs prior to the clinical assessment of each patient. 
Patients were asked to rate their pain at rest via a visual ana-
log scale (VAS) for pain (score 0-10) prior to manipulation. 
The senior authors then performed the lateral drawer test 
with the patient in a seated position. One hand stabilized the 
leg while the other hand performed a direct lateral stress 
upon the neutrally positioned ankle while gripping the hind-
foot (Figure 1). During the stress maneuver, the examiner 
made sure to minimize inversion or eversion through the tib-
iotalar and subtalar joints. A thumb was placed over the 
medial gutter, in order to both minimize inversion/eversion 
but also to better feel for the translational movement. The 
lateral drawer test was graded by the senior author as grade 
0, I, or II (Figure 2). Grade 0 corresponded to no instability/
symmetric to contralateral ankle, grade I corresponded to 
translation <5 mm by examination, and grade II corre-
sponded to translation ≥5 mm by examination. Immediately 
after the lateral drawer test was performed, patients were 
again asked to rate their pain (as maximal pain experienced 
during the maneuver) via a VAS for pain (0-10).

1Harvard Combined Orthopaedic Residency Program, Boston, MA, USA
2Foot & Ankle Research and Innovation Laboratory (FARIL), Massachusetts General Hospital, Weston, MA, USA
3Brigham and Women’s Hospital, Boston, MA, USA
4Division of Foot and Ankle Surgery, Department of Orthopaedic Surgery, Beth Israel Deaconess Medical Center, Boston, MA, USA
5Department of Orthopaedic Surgery, Massachusetts General Hospital, Boston, MA, USA

Corresponding Author:
John Z. Zhao, MD, Harvard Combined Orthopaedic Residency Program, 55 Fruit St, Boston, MA 02114, USA. 
Email: zhao.john.z@gmail.com

mailto:zhao.john.z@gmail.com


Zhao et al 3

Three views of the nonweightbearing ankle (AP, lateral, 
mortise) as well as GSV were obtained for each patient. 
Radiographs were taken with the ankle in neutral dorsiflex-
ion. GSVs were obtained as previously described by Gill 
et al.10 Radiographs were visualized for clinical purposes to 
determine treatment only after the lateral drawer test was 
performed. For consistency and integrity of data collection, 
MCS was later measured for all study patients in a deidenti-
fied manner by the senior author (JYK) and without knowl-
edge of lateral drawer test results nor final treatment 
strategies. For consistency, the MCS was measured in mil-
limeters in a standardized fashion previously described: the 
distance between the medial border of the talus and the lat-
eral border of the medial malleolus on a line parallel and 5 
mm below the talar dome.4,18

Given limitations in assessing inter- and intraobserver 
agreement in the clinical cohort (further explained in the 
Discussion section), a cadaveric model was created to 
attempt to perform this analysis. Three normal left-sided 
transfemoral leg specimens were used after being fully 
thawed for >24 hours. In specimen 1, an oblique distal 
fibula fracture was created. In specimen 2, an oblique fib-
ula fracture in addition to a partial deltoid ligament injury 
was created. In specimen 3, an oblique fibula fracture in 

combination with a complete superficial and deep deltoid 
ligament injury was created. GSV was performed using a 
large c-arm with calibrated image capacity on each cadaver, 
which demonstrated an MCS of 2.7 mm, 4.4 mm, and 6.9 
mm for specimens 1, 2, and 3, respectively. Most of the 
specimen was gently overwrapped with Coban (3M, Saint 
Paul, MN) while leaving the ankle area exposed. The 
cadavers otherwise had no identifiable markings and were 
similar in appearance.

The same 2 senior orthopaedic surgeons (JYK, CPM) 
performed the lateral drawer tests while blindfolded to the 
status of each cadaver. Cadavers were presented in random 
order after each assessment, and each surgeon performed 10 
trials on each of the cadavers for a total of 30 trials per 

Figure 1. The lateral drawer test. The examiner uses one 
hand to stabilize the leg and with the other hand gripping the 
hindfoot, a laterally directed stress is applied. Care is taken 
to avoid inversion or eversion of the hindfoot through the 
talocalcaneal joint. Note the position of the thumb in the medial 
gutter to aid the examiner in appreciating the amount of lateral 
translation.

Figure 2. Study workflow. After a patient with a Weber 
B ankle fracture was identified by a nurse practitioner or a 
resident, the senior authors (JYK, CPM) performed the lateral 
drawer test and graded clinical instability. Medial clear space on 
the patients’ gravity stress radiographs was then measured.
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surgeon. Repeat GSV was performed periodically during 
the experiments to ensure integrity of the specimens and 
that repeat stressing did not lead to additional destabiliza-
tion beyond what was initially created.

Power analysis before the study calculated a sample size 
of at least 40 subjects needed to observe a difference 
between a sensitivity/specificity null hypothesis of 0.5 and 
an alternative hypothesis of 0.8.1 Alpha was set at 0.05, 
power was set at 0.8, and prevalence was set at 50%. 
Expected prevalence of unstable ankle fractures among iso-
lated fibula fractures was estimated from prior studies using 
the GSV as the gold standard.10

The sensitivity, specificity, PPV, and NPV were calcu-
lated for the lateral drawer test, using the GSV as the gold 
standard and “true” test for instability. Lateral drawer tests 
with grade 0 or I were classified as stable, and tests with 
grade II were classified as unstable. Correlation between 
the lateral drawer test (stable or unstable) and the GSV 
MCS (MCS <5 mm or MCS ≥5 mm) was calculated using 
the Spearman correlation coefficient. Comparisons between 
VAS pain score before and after the lateral drawer test were 
done via the Wilcoxon signed rank test. Comparisons in 
VAS pain scores between subgroups grade 0, I, and II were 
performed via the Kruskal-Wallis test.

Interrater agreement was assessed by the Cohen κ; val-
ues of 0-0.2 were deemed to have no agreement; 0.21-0.39, 
minimal; 0.4-0.59, weak; 0.6-0.79, moderate; 0.8-0.9, 
strong; and values >0.9 were deemed to have an almost 
perfect agreement. Lateral drawer test grades 0 and I were 
combined and compared to grade II to ensure that the analy-
sis categories were identical to those used for the clinical 
study arm.

Results

A total of 62 patients met inclusion criteria. There were 21 
males and 41 females, with a mean age of 49 years (range, 
21-85). Of the 62 patients, there were 31 ankle fractures on 
the left leg and 31 on the right.

Thirty patients (48%) demonstrated an unstable ankle 
fracture according to an MCS ≥5 mm on GSV. The stable 
ankle fracture group had a median MCS of 4.2 mm (IQR = 
0.85), whereas the unstable ankle fracture group had a 

median MCS of 6.85 mm (IQR = 2.48). In terms of the 
lateral drawer test, patients were characterized as shown in 
Table 1. There was a strong correlation between the lateral 
drawer test grade and extent of MCS widening (Spearman 
correlation ρ = 0.82, P < .005). The lateral drawer test 
demonstrated a sensitivity of 0.83, specificity of 0.97, PPV 
of 0.96, and an NPV of 0.86 when compared with the GSV.

There was an average increase of 0.7 in the VAS pain 
score before and after the lateral drawer test (4.2 average 
pretest, 4.9 average posttest). Although this difference 
between the pretest and posttest scores was statistically sig-
nificant (P < .005), there was no statistical difference 
between grade 0, I, or II for pretest VAS scores, posttest 
VAS scores, or the difference between the 2 scores (P = 
.75, .35, .65, respectively). No patients demonstrated guard-
ing during the examination that precluded the provider from 
performing the examination.

Regarding the cadaveric portion of this work, Cohen 
kappa was 0.7 (agreement = 88.7%, expected agreement = 
55.6%, standard error = 0.18, Z = 3.83, P = .0001), indi-
cating moderate agreement between the 2 observers.

Discussion

Evaluation of mortise instability in the isolated fibula frac-
ture is currently performed radiographically, with measure-
ments performed either with stress maneuvers or after a 
period of physiologic loading. Although the ability to diag-
nose mortise instability by physical examination would be 
useful, clinical examination has essentially been abandoned 
given prior studies suggesting a lack of diagnostic accuracy. 
The works by Egol et al,7 McConnell et al,17 DeAngelis 
et al,5 and Stenquist et al25 demonstrated relatively poor sen-
sitivity, specificity, and predictive value of medial-sided ten-
derness, ecchymosis, and swelling with ankle instability. 
Instead, manual stress radiography,7,17,19 gravity stress  
radiography,10,16,23 weightbearing radiography,12 and/or a 
trial of physiologic loading13,27 are predominantly used for 
assessing stability.

The lateral drawer test draws heavy parallels with the 
anterior drawer test used to test for lateral ankle sprains and 
instability. The ankle anterior drawer test applies an ante-
rior translational force across the tibiotalar joint and tests 

Table 1. Lateral Drawer Grade (0, I, II) Compared With Measurement of Medial Clear Space on GSV Radiographs.a

Grade GSV Stable (<5 mm Widening) GSV Unstable (>5 mm Widening) Total

0 16 1 17
I 15 4 19
II 1 25 26
 NPV = 0.86

Sensitivity = 0.83
PPV = 0.96

Specificity = 0.97
 

Abbreviations: GSV, gravity stress view; NPV, negative predictive value; PPV, positive predictive value.
aSensitivity, specificity, PPV, and NPV are listed.
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for the amount of laxity and the presence or absence of a 
firm endpoint. Although some studies have questioned the 
accuracy of the anterior drawer test,8 other studies have 
shown good sensitivity, specificity, and interrater and intra-
rater reliability.2,6,22 When evaluating patients for ankle 
instability, the anterior drawer test is nearly ubiquitously 
performed, is well tolerated by patients, and is frequently a 
tool for operative decision making. Just as the anterior 
drawer test is a contributing component in the evaluation of 
ankle instability, we believe the lateral drawer test may 
serve a useful role in the evaluation of ankle fractures.

The results of the clinical portion of this study demon-
strate that the lateral drawer test has high sensitivity, speci-
ficity, PPV, and NPV when compared with the GSV for 
evaluating mortise instability. The maneuver is well toler-
ated by patients, resulting in minimal pain increase after the 
test. The lateral drawer test is quick to perform and would 
be seamlessly integrated in the physical examination. In 
terms of how the test could be incorporated in the treatment 
algorithm of ankle fracture patients, we recognize that a 
sensitivity of 0.83 with moderate interobserver agreement 
is still too low and would potentially undertreat some ankle 
fractures with an unstable mortise. Thus, it cannot be the 
sole determinant for ankle instability. We advocate that the 
lateral drawer test is just an additional piece of data that, 
coupled with additional stress radiographs, may help guide 
surgical decision making.

Instead, the lateral drawer test may help determine opti-
mal timing of stress radiographs for patients, whether it be 
manual, gravity, or weightbearing stress views. We propose 
the following algorithm: patients with a grade 0 or I test 
may safely forgo additional stress radiographs at the initial 
clinic visit and may be asked to follow up after 1 week of 
weightbearing as tolerated. Weightbearing radiographs may 
be taken at that later time. For patients with a grade II test, 
however, practitioners will want to obtain a stress radio-
graph and evaluate for MCS widening at the time of initial 
visit. In such a fashion, the lateral drawer test would help 
decrease the number of patients who need additional stress 
radiographs at the initial clinic visit and shorten the waiting 
time for patients with grossly unstable ankle fractures who 
may otherwise be told to trial a period of weightbearing.

This study has a few inherent limitations to consider. 
First, although the lateral drawer test was performed by 2 
independent orthopaedic surgeons, interrater reliability was 
not feasible to determine on the clinical cohort. Because of 
the nature that each surgeon had their own clinics on differ-
ent days and in different locations, the same patient could 
not be physically evaluated by both providers without 
requesting the patient to present twice. We felt that this 
would have been too onerous for the patient. Additionally, 
intrarater reliability was unable to be tested for. Given the 
need to initiate treatment for patients, repeat lateral drawer 
testing at a future time point (with requisite patient 

deidentification to reduce bias) was not practical. Although 
there was only a minimal increase in VAS scores, repeated 
testing on the same patient may have unacceptably sub-
jected the patient to increased pain, burden, and unknown 
potential for iatrogenic cartilage injury.

Therefore, in order to further attempt to validate the lat-
eral drawer test, we used an experimental cadaveric model. 
We felt the use of cadavers would most closely replicate the 
in vivo clinical situation while overcoming some of the 
pragmatic issues described above. As interobserver agree-
ment was moderate, we feel our findings give further sup-
port for the test’s potential clinical applicability but requires 
external validation.

We did not, however, assess intraobserver agreement as 
we thought this may be scientifically unsound even using 
our cadaveric model. An interval period of time is required 
between 2 observations of the same data set, when assess-
ing intraobserver agreement. Although a standard length of 
time for this “washout” period is ill-defined, we felt the 
process of refreezing-thawing the cadavers would have 
altered the specimens for the second observations because 
of the known effects of refreezing and repeat thawing on 
the biomechanical properties of cadaver tissues. Although 
we recognize the limitations of our model as well as those 
inherent when extrapolating cadaveric work to in vivo con-
ditions, we feel the results of the cadaveric portion of this 
investigation further support the clinical utility of the lat-
eral drawer test.

Second, the amount of force applied during the lateral 
drawer test was not quantified via a force gauge. Although 
this may result in different providers applying different 
amounts of force during the test, it should be recognized 
that similar tests (like the Lachman maneuver of the knee or 
the anterior drawer test of the ankle) are commonly per-
formed in clinical practice without force quantification. As 
the VAS pain scores did not markedly increase after the 
application of the lateral drawer test, we do not believe an 
excessive amount of force is required such that it generates 
significant discomfort to the patient. Finally, although pre-
cise force measurements using a tensiometer may have 
improved the scientific rigor of this work, it may also have 
decreased clinical applicability.

Third, the grading system for the lateral drawer test sets 
a threshold at 5 mm of translation. Similar to the Lachman 
grading system, it delineates instability via an assessment in 
quanta of millimeters. However, the authors acknowledge 
that small differences, such as the difference between 4 and 
6 mm, may be difficult to discern. This weakness in differ-
entiating between grades may impact reliability but is not 
unlike other physical examination tests in orthopaedics 
used for instability around joints.

Fourth, the authors recognize that the best way to deter-
mine whether a Weber B–type fracture is stable or unstable 
is still a subject of considerable interest, and specific debate 



6 Foot & Ankle Orthopaedics

exists regarding the use of GSV vs weightbearing stress 
view radiographs.12 Recent studies suggest that the GSV 
radiograph may overestimate instability that requires sur-
gery compared with weightbearing stress views,24 poten-
tially leading to avoidable complications.3,11 However, it 
remains unclear if the newer weightbearing stress view 
should be the new standard. In this study, we used the more 
traditional GSV as the gold standard to compare the lateral 
drawer test against; the authors recognize that correlations 
may be different if the lateral drawer test was compared 
against weightbearing stress views.

Finally, although a Weber B ankle fracture is predomi-
nantly an external rotation injury, the lateral drawer test 
uses direct lateral translation to gauge mortise instability on 
physical examination. Although using external rotation for 
the physical examination maneuver would more directly 
correlate with the injury pattern, the authors feel that quan-
tifying a physical examination maneuver in number of 
degrees shifted would be more difficult and less reliable. 
The amount of lateral translation applied (in millimeters) 
more directly correlates with MCS widening (also in milli-
meters), which provides easier conceptual understanding 
for a physical examination maneuver.

Although we recognize the above limitations, they 
should be considered in the context of study implications, 
specifically the development of a physical examination 
maneuver that aids in assessment of patients sustaining an 
exceedingly common clinical problem. As the use of phys-
ical examination to assess mortise instability has largely 
been abandoned in modern-day practice, the current report 
and preliminary validation of the lateral drawer test has 
moderate implications to clinical practice. The lateral 
drawer test is well tolerated and demonstrates high sensi-
tivity, specificity, PPV, NPV, and moderate interobserver 
agreement compared with the GSV for detecting instabil-
ity in patients with an isolated Weber B ankle fracture. 
Although this test alone is not sufficient to determine final 
treatment, it may provide an adjunct tool to help predict 
mortise instability and to optimize timing for stress radi-
ography in patients.
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