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Abstract

Background Conventional MRI is limited for character-

izing the posterolateral corner of the knee due to the

region’s anatomic variability and complexity; further, MRI

is a static study and cannot demonstrate pathologic laxity.

Stress radiography may provide additional information

about instability.

Questions/purposes We therefore (1) correlated varus

stress radiography with MRI findings, (2) compared

opening in patients who underwent surgical posterolateral

corner stabilization versus those who did not, and

(3) determined whether stress radiography findings could

supplement MRI for making treatment decisions.

Patients and Methods We retrospectively studied

26 patients (27 knee injuries) and correlated lateral com-

partment opening on varus stress radiography with severity

of posterolateral corner injury on MRI. We compared

radiographic findings in 18 patients with complete injuries

who underwent posterolateral corner stabilization with five

who did not.

Results A complete posterolateral corner injury on MRI

was associated with an average of 18.6 mm (10.0–

36.5 mm) of varus opening versus 12.8 mm (7.5–

17.0 mm) in partial injuries. Opening in operative cases

that underwent stabilization was 16.5 mm (11.0–36.5 mm)

versus 11.0 mm (7.5–13.5 mm) for those that did not. Ten

of 15 partial injuries underwent stabilization, for which the

varus opening was 13.6 mm (11.0–17.0 mm). Average

varus opening in partial injuries that did not undergo sta-

bilization was 11.0 mm (7.5–13.5 mm).

Conclusions Varus stress radiography correlated to MRI

findings for posterolateral corner injury. The injuries we

treated with reconstruction were associated with increased

varus opening. In patients with partial posterolateral corner

injury on MRI, we used degree of opening on varus stress

radiography to aid the decision for stabilization.

Level of Evidence Level IV, diagnostic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

The posterolateral corner (PLC) of the knee presents

unique diagnosis and treatment challenges due to the

complexity of its structure and function [24]. Injury to

the PLC compromises the rotatory and angular stability of

the knee, leading to persistent instability, gait abnormali-

ties, and/or degenerative changes [4, 6–8, 10, 24]. Delay in

diagnosis complicates surgical treatment, rendering repair

less reliable and more difficult, with excessive scar tissue
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potentially concealing vital ligamentous, capsular, and

neurovascular structures [3, 14, 17, 18, 23, 24]. Deficiency

of the PLC generates excessive force on anterior cruciate

ligament (ACL) [15] and posterior cruciate ligament (PCL)

[14] grafts, and unrecognized injury is associated with

failure of cruciate reconstruction [21].

While unquestionably important for diagnosing knee

ligament injuries, MRI has limitations for characterizing

the PLC. The anatomic complexity, variability, and oblique

orientation of its individual structures make it difficult to

reliably identify all major PLC injuries on conventional

MRI sequences [1, 2, 23, 32]. The diagnostic specificity of

MRI for knee ligament injury decreases when more than

one ligament is injured [26], as is usually the case with

PLC injury [24], and chronic injuries may not be well

demonstrated [22]. As a static study, MRI also has inherent

limitations for diagnosing clinically relevant instability,

and partial tears or edema revealed on MRI may not cor-

relate with laxity [32]. High-power magnets [1, 12], thin-

slice scans [12], and coronal oblique technique [1, 12, 34]

have improved MRI of the PLC, but access to this tech-

nology and experienced musculoskeletal radiologists may

not be universally available, particularly in community

hospitals or clinics [23].

Recognizing these potential limitations of MRI for PLC

injury, our clinic implemented a stress radiography proto-

col in 2007 to obtain dynamic images to supplement MRI

in our treatment algorithm for patients with suspected knee

ligament injuries. Dynamic imaging provides an objective

representation of the functional laxity resulting from

ligament deficiency [5, 9, 13, 19, 25, 28–30]. Stress radio-

graphy is an established technique for measuring posterior

laxity from PCL insufficiency [5, 9, 19, 20, 28, 30] and is

evolving as a diagnostic tool for evaluating PLC injury as

well. Cadaver studies support the usefulness of a posterior

drawer test [30] and varus stress radiography [13] for

diagnosing PLC injuries, and some propose dynamic varus

stress ultrasound [29] for making clinical decisions. Some

authors have used stress radiography to follow patients who

undergo PLC reconstruction [16, 25, 31].

We therefore (1) correlated stress radiography findings

to the degree of PLC injury as demonstrated on MRI,

(2) compared varus opening in patients who underwent

PLC reconstruction versus those who did not, and

(3) determined whether stress radiography findings could

supplement MRI to influence the decision to surgically

stabilize the PLC.

Patients and Methods

We retrospectively reviewed all patients with knee injuries

between September 2007 and September 2010 who had an

MRI study with a positive reading for partial or complete

PLC injury and an associated varus stress radiograph of the

knee available for review. Potential study patients were

identified by searching a radiology database prospectively

maintained at our institution for MRIs with a positive

reading for PLC injury defined as edema, sprain, partial or

complete tear, increased signal intensity, or abnormal

appearance of any of the following PLC structures: fibular

collateral ligament (FCL), popliteofibular ligament, popli-

teus muscle or tendon, or posterolateral capsule. With these

search strings, we identified 96 MRI records, of which

14 knee injuries in 13 patients had associated varus stress

radiographs. To capture additional patients referred to our

clinic with outside MRIs, we also searched stress radio-

graph series obtained in our clinic to evaluate for potential

PLC injury. Of 42 such stress radiographs, we found an

additional 13 referral patients with available MRIs. We

obtained MRIs from the outside institution by either

compact disc or uploading them onto our radiology server,

which our institution’s musculoskeletal radiologist (CMG)

then reviewed. We therefore identified a total of 26 patients

with 27 knee ligament injuries. There were 18 men and

eight women with an average age of 35.4 years (range, 18–

72 years). Fourteen cases involved the right knee and 13

involved the left. Twelve were acute injuries at the time of

clinical evaluation (within 3 weeks of injury), while 15

were chronic injuries.

One of the authors (FWG) categorized the integrity of

the ACL, PCL, and PLC by grade of ligament injury as

read on MRI [27]. Grade 0 corresponded with no injury.

Grade 1 indicated potential or low-grade partial injury in

which local edema was present, but the majority of fibers

appeared to be intact. Grade 2 indicated high-grade partial

injury with fluid signal extending into the ligament but

some fibers intact. A Grade 3 injury corresponded to a

complete tear with no intact fibers visible on MRI. We

recorded the highest grade injury to any of the primary

component structures of the PLC (FCL, popliteus muscle/

tendon, popliteofibular ligament).

Of the 27 knee ligament injuries identified in the data-

base search, 16 had a partial injury (Grade 1 or 2) to the

PLC demonstrated on MRI while complete (Grade 3)

injuries were present in 11. We observed no isolated

PLC injuries since all cases included at least one additional

injured ligament. Seven had an associated high-grade ACL

injury, one had a high-grade ACL and medial collateral

ligament injury, one had a high-grade PCL injury, eight

had ACL and PCL injuries, and 10 had injuries to all four

major ligament structures.

Our clinic radiograph protocol included an AP radio-

graph of the injured knee flexed at 30� with physician-

applied varus stress. Two independent examiners (FWG,

MAT) measured absolute lateral compartment opening on
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each varus stress radiograph. Opening was defined as the

absolute perpendicular distance between the subchondral

bone at the most distal point on the lateral femoral condyle

to the corresponding point on the lateral tibial plateau on a

physician-applied varus stress AP radiograph (Fig. 1) as

described by LaPrade et al. [13]. The final value reported in

this study represented the mean of measurements obtained

by the two examiners. The intraclass correlation coefficient

reflecting interexaminer reliability between the two

examiners was 0.963.

Indication for surgery was compromised knee stability

secondary to high-grade cruciate injury, with or without an

associated PLC injury, as diagnosed by physical exami-

nation and MRI. The decision to reconstruct the PLC

depended on physical examination, MRI, and stress radio-

graphy findings and was confirmed at the time of surgery

with positive varus opening and dial testing on examination

under anesthesia and/or positive lateral compartment drive-

through sign [11] during arthroscopy. The primary con-

traindication for surgery was the presence of substantial

medical comorbidities.

Twenty-three of 27 injuries underwent surgery. One

71-year-old patient with bilateral high-grade multiligament

injuries did not undergo operative treatment because of

substantial medical problems. One patient with a high-

grade ACL/PCL/PLC injury, for which surgery was rec-

ommended, was lost to followup. Surgeons nonoperatively

treated one ACL/PLC injury with an associated bony

avulsion of the proximal fibula in a 63-year-old patient

using a brace. Of the 23 knee injuries treated surgically,

18 underwent PLC reconstruction. In the other five opera-

tive cases, surgeons did not perform PLC reconstruction due

to perceived posterolateral stability at the time of surgery.

We determined the data we obtained were normally

distributed by examining skewness and kurtosis values.

Therefore, we used independent-samples t tests to compare

varus opening between acute and chronic cases. We per-

formed analyses for patients who had a partial (Grade 1 or

2) injury and for those patients with a complete (Grade 3)

injury.

Results

The average (± SD) varus opening on stress radiography

for all 27 knees studied (Table 1) was 15.1 ± 5.6 mm

(range, 7.5–36.5 mm). Of the 16 knee injuries (seven acute,

nine chronic) with a partial (Grade 1 or 2) injury to the

PLC on MRI, the average lateral compartment opening was

12.8 ± 2.4 mm (range, 7.5–17 mm). In this group, we

found no difference (p = 0.45) in varus opening between

acute (12.4 ± 1.8 mm) and chronic (13 ± 2.8 mm) inju-

ries. The 11 knee injuries (five acute, six chronic) with a

complete (Grade 3) injury to the PLC had an average lat-

eral compartment opening on varus stress radiography of

18.6 ± 7.1 mm (range, 10–36.5 mm). We also found no

difference (p = 0.69) in varus opening between acute

(20.5 ± 9.2 mm) and chronic (17.1 ± 5.2 mm) injuries.

When the injury pattern included an associated high-grade

ACL injury (eight cases) but no major PCL injury, the

Fig. 1A–B (A) A nonweightbearing,

neutral AP radiograph shows a sus-

pected knee ligament injury. (B) A

radiograph shows how physician-

applied varus stress reveals lateral

compartment opening (*), indicative

of a PLC injury.
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average varus opening was 12.9 ± 3.0 mm. When an

associated high-grade ACL and PCL injury was present

(18 cases), the average varus opening was 16.4 ± 6.3 mm.

The average opening on varus stress radiography in the

18 operative knee injuries that underwent PLC stabilization

was 16.5 ± 6.1 mm (range, 11–36.5 mm). In the five

operative knee injuries that did not undergo PLC recon-

struction, the average opening was 11 ± 2.3 mm (range,

7.5–13.5 mm).

Of the eight operative knee injuries with MRI evidence

of a complete (Grade 3) PLC injury, all underwent PLC

reconstruction. Ten of 15 operative knee injuries with MRI

evidence of a partial (Grade 1 or 2) PLC injury underwent

PLC reconstruction. The average varus opening on stress

radiography in these cases was 13.6 ± 2.1 mm (range, 11–

17 mm). In the five knee injuries with partial PLC that did

not undergo PLC reconstruction, the average opening was

11.0 ± 2.3 mm (range, 7.5–13.5 mm).

Discussion

Early and accurate diagnosis of PLC injury is critical to

proper treatment. MRI is central to evaluation but may not

definitively characterize the injury or functional conse-

quence. Dynamic imaging may provide additional

objective information about the instability resulting

from PLC injury and aid in diagnosis. We therefore

Table 1. MRI, varus stress radiography, and operative findings (sorted by amount of varus opening on stress radiograph)

Age

(years)

Gender Knee Injury grade on MRI Varus opening

(mm)

Arthroscopic

drive-through sign?*

PLC stabilized?� Note

ACL PCL PLC

27 Male Right 3 0 2 7.5 Not reported No

71 Male Right 2 3 3 10.0 Not reported Poor operative candidate

57 Male Right 3 3 2 10.0 Negative No

19 Male Left 0 3 2 11.0 Positive Yes

25 Female Left 3 0 2 11.0 Positive Yes

38 Male Right 3 3 2 11.5 Not reported No

31 Male Right 3 3 1 12.0 Positive Yes

40 Male Left 3 3 2 12.5 Not reported Yes

35 Male Right 3 3 2 12.5 Negative No

28 Male Right 3 0 2 12.5 Positive Yes

27 Male Right 3 1 1 13.0 Not reported Yes

63 Female Right 3 0 2 13.5 Not reported Elected nonoperative treatment

49 Male Left 3 3 2 13.5 Positive Yes

21 Male Left 3 0 2 13.5 Not reported No Contralateral stress radiograph

demonstrated 2.5-mm

side-to-side difference

19 Male Right 3 0 1 14.0 Positive Yes

23 Female Right 3 3 3 14.0 Not reported Yes

28 Male Left 3 3 3 14.5 Not reported Surgery recommended, patient

lost to followup

19 Female Left 3 3 2 15.0 Positive Yes

34 Male Right 3 2 3 16.0 Positive Yes

36 Female Right 3 2 2 16.5 Positive Yes

29 Female Left 3 3 2 17.0 Positive Yes

18 Male Left 3 0 3 18.0 Positive Yes

53 Male Right 3 3 3 19.5 Not reported Yes

71 Male Left 3 3 3 19.5 Not reported Poor operative candidate

28 Male Left 3 2 3 20.5 Not reported Yes

72 Female Left 3 3 3 24.0 Not reported Yes

30 Female Left 3 3 3 36.5 Positive Yes

* The arthroscopic ‘‘drive-through sign’’ was not consistently reported in all operative records; �four study patients did not undergo operative

treatment of knee ligament injuries; ACL = anterior cruciate ligament; PCL = posterior cruciate ligament; PLC = posterolateral corner.
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(1) correlated varus stress radiography with MRI findings,

(2) compared opening in patients who underwent surgi-

cal PLC stabilization versus those who did not, and

(3) determined whether stress radiography findings could

supplement MRI for making treatment decisions.

Our study is associated with a number of limitations.

First, owing to the retrospective nature of this study, there

was not a consistent radiographic protocol. In particular,

contralateral stress radiographs are not routinely available,

which would help establish a control group or evaluate

side-to-side differences. Second, a standardized MRI

sequence is also not available since several of the MRIs

came from outside facilities. Third, the stress radiography

technique has limitations since guarding, knee pain, or

external fixators can impact the absolute value of varus

opening. Fourth, this study is limited by the sample size,

which may result in an underpowered study. Finally, no

followup clinical examination or imaging after the treat-

ment of these injuries was performed. We recognize these

limitations and acknowledge one should view the infor-

mation obtained from stress radiography in context and use

it adjunctively to MRI and physical examination.

We found stress radiography corresponded to the

severity of injury demonstrated on MRI. Partial injury to

the PLC on MRI resulted in a varus opening of 12.8 mm

while 18.6 mm corresponded with complete disruption on

MRI. A recent cadaver study showing increased varus

opening with increased injury severity corroborates our

findings [13]. In that study, sequential sectioning of the

FCL and PLC resulted in varus opening on stress radio-

graphy of 12.4 and 13.7 mm, respectively, from a baseline

tibiofemoral distance of 9.7 mm [13]. While we observed

greater varus opening in our study with complete PLC

injury, at least one cruciate tore in all of our cases, and

high-grade bicruciate injuries were present in 18 of

27 cases, in addition to the PLC injury. The cadaver study

demonstrated the contribution of the cruciates to varus

stability [13]. After sectioning of the PLC, further

sequential sectioning of the ACL and PCL resulted in

further opening to 16.3 and 17.5 mm, respectively.

Our patients who underwent PLC reconstruction

demonstrated greater varus laxity on stress radiography

than those not having surgical stabilization. Due to our

study design, we cannot establish a threshold for varus

opening that predicts an absolute need for PLC stabiliza-

tion. A recent study of 16 patients with suspected PLC

injury showed lateral compartment opening of greater than

10.5 mm on varus stress ultrasound predicted the need for

PLC stabilization in 100% of cases [29]. Three of our five

patients with varus opening of greater than 10.5 mm did

not undergo PLC reconstruction and were stable to varus

stress at the time of surgery. While this discrepancy may

reflect a difference between ultrasound and radiography, it

highlights the value of multiple modalities in the decision-

making process for PLC reconstruction, including MRI and

physical examination. One study of 20 patients having FCL

reconstruction assessed varus instability using the contra-

lateral knee as a control and found an average side-to-side

difference of 3.9 mm of lateral compartment opening on

varus stress radiography [16]. Although our radiograph

protocol did not routinely include the contralateral knee,

obtaining comparison images could help correct for ana-

tomic variability or physiologic laxity and provide more

reliable information.

While all eight of our patients with MRI evidence

of complete PLC injury underwent reconstruction, five of

15 patients with a partial PLC injury on MRI also had

reconstruction. This finding reflects the limitations of MRI

since we did not use a positive finding for PLC injury on

MRI as an absolute indication for surgical stabilization.

Previous studies correlate MRI with surgical findings for

PLC injury. In a study of 17 acute knee dislocations,

Twaddle et al. [33] found MRI positively predicted surgical

FCL, PLC, and arcuate complex injury in 92%, 100%, and

64% of cases, respectively. In a more recent study of 14

suspected PLC injuries, Theodorou et al. [32] reported MRI

accuracy for FCL and popliteus injury to be 100% and

86%, respectively. In that study, using conventional MRI

sequences, a surgical popliteofibular ligament injury went

unnoticed on MRI in three cases. A thin-slice coronal

oblique MRI sequence improved evaluation of the PLC

[34]. In 20 knees with surgically verified Grade 3 PLC

injuries evaluated with an MRI protocol including thin-

slice coronal oblique images through the fibular head,

LaPrade et al. [12] found MRI to be accurate in diagnosing

FCL, popliteus, and popliteofibular ligament injury in 95%,

90%, and 68% of cases, respectively. In our study, we did

not routinely implement a thin-slice coronal oblique MRI

protocol since several MRIs occurred at outside facilities.

The additional information gained by stress radiography

helped to clarify the degree of functional laxity, particu-

larly in cases where partial PLC injury was demonstrated

on MRI. In such cases, varus opening was an average of

2.6 mm greater in injuries that underwent PLC stabilization

compared to those that did not.

In conclusion, MRI is essential to diagnosis of knee

ligament injury but has inherent limitations for determining

whether or not surgery would be recommended, particu-

larly with partial PLC injury. Advancements in MRI

technology affording improved visualization of the PLC

are not ubiquitously available. Varus stress radiography

contributes to the diagnosis of knee PLC injury by pro-

viding objective information about the pathologic laxity

resulting from these injuries. Stress radiography generally

supports MRI findings but may provide additional infor-

mation when the degree of injury is unclear.
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