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The Influence of Tibial Positioning on the
Diagnostic Accuracy of Combined Posterior
Cruciate Ligament and Posterolateral Rotatory
Instability of the Knee
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Yong-Seuk Lee, MD*, Young-Bong Ko, MD
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Background: To determine if tibial positioning affects the external rotation of the tibia in a dial test for posterolateral rotatory
instability combined with posterior cruciate ligament (PCL) injuries.

Methods: Between April 2007 and October 2007, 16 patients with a PCL tear and posterolateral rotatory instability were
diagnosed using a dial test. The thigh-foot angle was measured at both 30° and 90° of knee flexion with an external rotation
stress applied to the tibia in 2 different positions (reduction and posterior subluxation). The measurements were performed twice
by 2 orthopedic surgeons.

Results: In posterior subluxation, the mean side-to-side difference in the thigh-foot angle was 11.56 + 3.01° at 30° of knee flexion
and 11.88 + 4.03° at 90° of knee flexion. In the sequential dial test performed with the tibia reduced, the mean side-to-side
difference was 15.94 + 4.17° (p < 0.05) at 30° of knee flexion and 16.88 + 4.42° (p= 0.001) at 90° of knee flexion. The mean tibial
external rotation was 5.31 + 2.86° and 6.87 + 3.59° higher in the reduced position than in the posterior subluxation at both 30°
and 90° of knee flexion.

Conclusions: In the dial test, reducing the tibia with an anterior force increases the ability of an examiner to detect posterolateral
rotary instability of the knee combined with PCL injuries.
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Posterior cruciate ligament (PCL) injuries are on the
rise due to the increasing incidence of sports related
accidents, road traffic accidents and industrial accidents,
and are usually accompanied by injuries to the other
knee structures, particularly the posterolateral ones. The
advancement of diagnostic methods, such as physical
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examinations and MRI, and the higher interest in PCL
injuries have helped to raise detection rates."” However,
many cases still go undiagnosed. They commonly result
from an external rotation injury during knee extension
activities or a direct blow to the anteromedial knee, and
generally occur in combination with an anterior cruciate
ligament injury.

Proper treatment of acute posterolateral instability
results in more successful outcomes than a surgical
reconstruction for chronic posterolateral instability.””
A failure to detect the instability has significant impact
on the clinical treatment results of a combined ligament
injury. O’Brien et al.” attributed the poor results of
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anterior cruciate ligament reconstructions to undetected
or untreated posterolateral instability, which accounted
for 15% of the total failures. Hence, the importance
of a precise diagnosis of combined injury cannot be
underestimated, considering its effect on the clinical
outcomes. In the literature, the controversy with the
dial test (tibial external rotation test) lies in whether the
patient should be placed in the prone or supine position
and whether an anterior or posterior tibial load should
be applied.” It is suspected that a dial test performed with
the knee in an abnormal anatomical position might not
reveal injuries to the posterolateral structures. Therefore,
the aim of this study was to improve the efficacy of the test
by evaluating the tibial external rotation according to the
tibial positioning during the dial test, which is a common
diagnostic tool for posterolateral rotatory instability and
PCL injury.

METHODS

Between April 2007 and October 2007, 16 patients (16
knees) with a PCL injury and posterolateral rotatory
instability were enrolled in this study. The dial test was
performed on patients in the supine position. The interval
from the time of injury to diagnosis was less than 3
months in 3 knees (19%), between 3 and 6 months in 3
knees (19%), and more than 6 months in 10 knees (62%).
The mean age was 30 years (range, 14 to 49 years). Twelve
of the subjects were young and active patients less than40
years of age and 4 were older than 40 years of age. Most
of the study population was male (14). The lesion was on
the right side in 10 patients and on the left in 6. The injury

mechanism included sports related accidents in 9 patients,
traffic accidents in 5 (3 passengers and 2 pedestrians),
and falls in 2. Nine combined injuries were found: 4 cases
of lateral meniscus injury, 3 cases of a medial meniscus
injury, 2 cases of a minor partial tear of the anterior
cruciate ligament, and 4 cases of a cartilage defect. Medial
collateral ligament injury was excluded from combined
injuries because it can affect the external rotation of the
tibia.

For the diagnosis, the posterior and varus stress
radiographs and MRI images were observed in the
radiological examination and a posterior drawer test
was performed to assess the PCL injury in the physical
examination. Posterior displacement of the tibia was
divided into 3 grades according to the difference between
the affected and unaffected side: grade I indicated 3-5
mm of a side-to-side difference; grade II, 6-10 mm; and
grade III, > 11 mm. Six patients belonged to grade II and
10 patients to grade III. The posterolateral injuries were
categorized according to the varus instability and rotatory
instability. Varus instability was classified into 3 grades
based on the difference in the lateral joint space opening
between the injured leg and the other: grade I was defined
as < 5 mm of a side-to-side difference; grade II as a 5-10
mm difference with a firm end point; and grade III as a
more than 10 mm difference without a firm end point.
No side-to-side difference was observed in 7 knees. There
were 8 grade I knees and 1 grade II knee. Based on our
encounters with cases where external rotation and varus
instability were not in proportion, the external rotatory
instability was assessed with respect to external rotation
only: grade I was considered as less than a 5° increase in

Fig. 1. Thigh-foot angle was measured with an external rotation stress applied to the tibia at both 30° and 90° of knee flexion. Before applying the
torque, a neutral force (A) and anterior force (B) was applied to the tibia.
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external rotation of the injured leg compared with the
contralateral one; grade II was defined as a 5-10° side-
to-side difference; and grade III was defined as a more
than 10° difference.'” There were 10 grade IT and 6 grade
IIT knees. In the varus stress test, only one knee was
considered to be higher than grade II. During the dial
test, the patient was placed in the supine position and
an assistant held the patients knees to prevent external
rotation. The measurements were performed with the
knee at 30 and 90° of flexion both in posterior subluxation
under a neutral force and in the reduced position under
an anterior force. To evaluate the inter- and intra-
observer error, each of the 2 examiners was asked to
perform a couple of measurements. Due to the difficulty
of measuring small angles, the minimum measurement
unit was set to 5° (Fig. 1). Statistical analyses were
performed using SPSS ver. 13.0. A paired-sample T-test
and a Wilcoxon signed rank test were used to evaluate

the angular changes for each patient. A p value < 0.05 was
considered significant.

RESULTS

The dial test was performed on 16 patients and the
measurements were considered reliable: the inter- and
intraobserver reliability was low, 0.7865 to 0.8765. When
the tibia was in posterior subluxation, the average (Table
1) thigh-foot angle at 30° of knee flexion was 35.00
7.74° and 45.56 * 7.89° on the uninjured and injured side,
respectively. At 90° of knee flexion, the average (Table 1)
thigh-foot angle was 35.93 * 48.69° and 47.80 + 8.75° on
the uninjured and injured side, respectively. When the
tibia was in the reduced position at 30° of knee flexion,
the average (Table 1) thigh-foot angle was 35.93 + 6.88°
and 51.87 + 8.34° on the uninjured and injured side,
respectively, while at 90° of knee flexion, it was 37.18 +

Table 1. Patients’ Data

Posterior subluxation Reduced position
30° TFA 90° TFA 30° TFA 90° TFA

No. Sex/Age Side N | D N I D N | D N | D
1 M/14 R 20 35 15 18 30 12 25 40 15 20 38 18
2 M/46 L 37 50 13 32 45 13 34 55 21 25 50 15
3 M/31 L 40 45 5 35 45 10 40 50 10 40 52 12
4 M/40 R 38 50 12 48 55 7 40 52 12 55 65 10
5 M/26 R 45 59 14 50 60 10 46 65 19 49 65 16
M/27 R 35 50 15 37 50 13 35 60 25 36 60 24

7 M/33 L 40 51 " 40 55 15 38 55 17 40 60 20
8 M/19 R 30 40 10 35 M 6 30 45 15 35 55 20
9 M/45 R 40 54 14 40 50 10 42 60 18 38 55 17
10 M/24 L 30 40 10 30 44 14 30 43 13 30 45 15
11 F/32 L 45 56 11 50 60 10 44 60 16 52 65 13
12 M/18 R 27 B 12 25 35 10 31 45 14 30 45 15
13 M/30 R 25 35 10 25 42 17 25 35 10 30 45 15
14 F/49 L 28 45 13 25 43 18 32 50 18 30 53 23
15 M/23 R 45 55 10 40 55 15 43 60 17 40 60 20
16 M/23 R 35 45 10 45 55 10 40 E5 15 45 62 17

Average 3600 4556 1156 3593 4780 1187 393 5187 1594 3718 5469 16.87

TFA: Thigh-foot angle, N: Normal, I Involved, D: Difference.
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Fig. 2. Difference in thigh-foot angle between 30° and 90° of knee
flexion. The difference was greater in the reduced position than in
posterior subluxation during test.

9.66° and 54.69 + 8.05° on the uninjured and injured
side, respectively. External rotation of the tibia was more
noticeable when the tibia was reduced by an anterior force
than maintained in posterior subluxation during the test (Fig.
2). At 30° of flexion of the knee, the side-to-side difference in
the thigh-foot angle increased from 11.56 + 3.01 to 15.94 +
4.17° (p < 0.05), and the thigh-foot angle increased by 5.31 +
2.86 on the lesion side. At 90° of flexion, it increased from
11.87 + 4.03° to 16.87 + 4.42° (p = 0.001) and 6.87 + 3.59°
more external rotation was observed on the affected side
(Fig. 2). By the naked eye, the dial test appeared to indicate
remarkable posterolateral rotation and subluxation when
the tibia was anatomically reduced by an anterior force
and the tibia-femur step off was restored than when
it was posteriorly subluxated due to the gravity on the
posterolateral aspect of the leg.

DISCUSSION

In this study, the clinical test revealed significant rotatory
instability of the knee in posterior subluxation and in the
reduced position. The posterolateral drawer test and dial
test for a diagnosis of posterolateral rotatory instability
in PCL injuries with combined posterolateral structure
injuries often produce misleading results if the tibia is
posteriorly or posterolaterally subluxated during the
test. This is because posterolateral subluxation of the
tibia is difficult to palpate and the range of posterolateral
rotation of the tibia is reduced. In contrast, when the
test is performed with the proximal tibia in the reduced
position, the increase in posterolateral rotation can be
approximately 5° and > 6° at 30° and 90° of flexion,

respectively. Therefore, in order to obtain more precise
results from the dial test, the proximal tibia should be
pulled anteriorly to be in a normal anatomical position.
According to Strauss et al.,'” when the posterior cruciate
ligament, the popliteus tendon and the lateral collateral
ligament were resected in this order, remarkable increases
in the external rotation of the tibia were obtained from
their cadaveric subjects at both 30° and 90° of flexion of
the knee regardless of tibial positioning. In particular, they
reported that 4.5-12° more external rotation of the tibia
was achieved when the tibia was in the reduced position
by an anterior force than a posterior force. In cadaveric
studies, the reduction and posterior displacement of the
tibia are created by a mechanical force. However, in the
present study, as the study population consisted of live
patients, an examiner was asked to hold the lateral and
popliteal areas in order to elicit the posterior displacement
and reduction in patients placed in the supine position.
Stabilization of the posterolateral aspect of the knee
was obtained by the fibular collateral ligament and the
popliteus complex, which is composed of the popliteus
tendon and popliteofibular ligament. The fabellofibular
ligament, which is also one of the posteolateral structures,
is known to be of lesser value.”"*"” Acute posterolateral
instability can be diagnosed by a careful investigation of
the development of tenderness in the posterolateral knee
and the presence of a fibular head fracture or an arcuate
fracture or a second fracture of the fibular head. Vascular
damage should also be examined with care considering
that a spontaneous reduction of tibial dislocation is
common in cases of a severe combined ligament injury.
In the diagnosis of chronic instability, the medical
records, physical and radiological examination results, as
well as the drive through signs should all be considered
as there is no definite diagnostic method. Above all,
posterolateral damage should be assumed to be present
until demonstrated otherwise." In addition, anteromedial
rotatory instability should be differentiated.” Well-known
physical tests include the external rotation recurvatum
test, posterolateral drawer test, reserve pivot test, and dial
test. With regard to the dial test, the authors observed
the extent of rotation of the tibial tubercle during the test
with the patient in the supine position because the ratio
of tibial rotation to foot rotation is 1:3 and the test result
can be affected by ankle and the foot deformities.'” In
the radiological test, although stress radiography and
MRI are helpful, the former makes it difficult to make
precise comparisons due to rotation, and the latter can
only be available when the magnetic field strength is > 1.5
T (tesla).” Injuries to the posterolateral structures, albeit
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relatively uncommon, can lead to severe disorders. Be-
cause the lateral femoral condyle and lateral tibial plateau
are convex structures, an injury to the posterolateral aspect
might cause instability, albeit in the normal range, during
walking and lateral compartment opening at foot strike."”
Various biomechanical functions of the posterolateral
structures have been described in cadaveric studies involving
desmotomy.*"**” These structures are vital for providing
resistance to a varus force and an external rotation force:
the lateral collateral ligament is against the former while
the popliteus complex is against the latter.>'**"*” Grood
et al.'” observed in their cadaveric study that external
rotation of the tibia increased when the posterolateral
structures were resected, which was more notable when
the PCL was also removed.

Considering the association between the PCL and
posterolateral structures, it is important to determine
the impact of a PCL rupture on the posterolateral
structure injuries in the physical test. In the case of grade
III PCL injuries, the tibia was found to be subluxated
more posteriorly than normal. Theoretically, when tibial
external rotation is hampered by posterior subluxation,
the opportunities for diagnosing posterolateral structure
damage are reduced. On the other hand, more external
rotation can be elicited if the tibia is reduced by an anterior
force, or the patient is placed in a similar condition to the
prone position, which increases the sensitivity of the dial
test.

However, Pritsch et al.> showed in their cadaveric
study that removal of the medial collateral ligament
produced similar results to that of the lateral collateral
ligament during the dial test. Therefore, medial collateral
ligament injuries can cause rotatory instability of the
tibia by increasing the extent of external rotation.*”*"
Therefore, in the physical examination of a PCL injury
and combined posterolateral structure injuries, the valgus
stress test should also be performed with the knee at 0
and 30° of flexion in order to determine the presence of a

medial collateral ligament injury that can affect the clinical
results. Among the many methods for classifying injuries
to the posterolateral structures, no a single one was found
to be reliable. Nevertheless, a more than 10° side-to-side
difference and posterolateral subluxation of the tibial
condyle are believed to be indications of surgery."*****

These features have been known to have limitations.
Accordingly, clinical tests, including the varus stress
test and the dial test, were carried out as there are no
recognized objective tests that can lead to a diagnosis of
posterolateral rotatory instability. In addition, research is
currently being carried out on more precise measurement
methods of tibial external rotation using CT with added
coronal oblique views to obtain a more extended field of
view of the posterolateral aspect with MRI. Therefore, in
order to verify the objective efficacy of the index study,
further studies will be needed to devise methods for a
more precise diagnosis of posterolateral rotatory instability
and analyze the extent of external rotation with the knee
in posterior subluxation and a reduced position according
to the level of posterior instability.

Injuries to the posterolateral structures of the knee
often occur in combination with a PCL injury. Accordingly,
precise diagnostic and proper treatment methods are
required. This study can contribute to better reconstruction
results by devising a more sensitive method for identifying
combined injuries.

In this study the dial test was performed on patients
with posterolateral cruciate ligament injury combined
with posterolateral structure injuries. The results showed
that tibial external rotation increased when the knee was
in the reduced position, and posterior subluxation of the
tibia was prevented when the patient was in the prone
position. Therefore, the diagnostic efficiency of injuries to
the posterolateral structures of the knee can be enhanced
when the dial test is performed by placing the patient in
the supine position and keeping the injured knee in the
reduced position.

REFERENCES

Albright JP, Brown AW. Management of chronic postero-
lateral rotatory instability of the knee: surgical technique for
the posterolateral corner sling procedure. Instr Course Lect.
1998; 47:369-78.

LaPrade RE Terry GC. Injuries to the posterolateral aspect
of the knee: association of anatomic injury patterns with
clinical instability. Am ] Sports Med. 1997;25(4):433-8.

Noyes FR, Barber-Westin SD. Surgical reconstruction of

severe chronic posterolateral complex injuries of the knee
using allograft tissues. Am J Sports Med. 1995;23(1):2-12.

4. Noyes FR, Barber-Westin SD. Surgical restoration to treat
chronic deficiency of the posterolateral complex and
cruciate ligaments of the knee joint. Am J Sports Med.
1996;24(4):415-26.

5. Baker CL Jr, Norwood LA, Hughston JC. Acute postero-

lateral rotatory instability of the knee. ] Bone Joint Surg Am.



73

Jung et al. Tibial Positioning on the Diagnostic Accuracy of Combined Posterior Cruciate Ligament and Posterolateral Instability
Clinics in Orthopedic Surgery * Vol. 1, No. 2, 2009 « www.ecios.org

1983;65(5):614-8. Am. 1988;70(1):88-97.

Baker CL Jr, Norwood LA, Hughston JC. Acute combined 17. LaPrade RE Muench C, Wentorf F, Lewis JL. The effect of
posterior cruciate and posterolateral instability of the knee. injury to the posterolateral structures of the knee on force in a
Am J Sports Med. 1984;12(3):204-8. posterior cruciate ligament graft: a biomechanical study. Am J

) . Sports Med. 2002;30(2):233-8.
Veltri DM, Warren RE Operative treatment of posterolateral

instability of the knee. Clin Sports Med. 1994;13(3):615-27. 18. Markolf KL, Wascher DC, Finerman GA. Direct in vitro
measurement of forces in the cruciate ligaments. Part II: The
effect of section of the posterolateral structures. ] Bone Joint
Surg Am. 1993;75(3):387-94.

O’Brien SJ, Warren RE Pavlov H, Panariello R, Wickiewicz
TL. Reconstruction of the chronically insufficient anterior
cruciate ligament with the central third of the patellar
ligament. ] Bone Joint Surg Am. 1991;73(2):278-86. 19. Veltri DM, Warren RE. Posterolateral instability of the knee.

Instr Course Lect. 1995;44:441-53.
Larsen MW, Toth A. Examination of posterolateral corner

injuries. ] Knee Surg. 2005;18(2):146-50. 20. Warren LA, Marshall JL, Girgis F. The prime static sta-
bilizer of the medical side of the knee. ] Bone Joint Surg Am.

. Jacobsen K. Gonylaxometry. Stress radiographic meas- 1974;56(4):665-74.

urement of passive stability in the knee joints of normal
subjects and patients with ligament injuries: accuracy and ~ 21. Laprade RE Wentorf FA, Olson EJ, Carlson CS. An in vivo

range of application. Acta Orthop Scand Suppl. 1981;194:1- injury model of posterolateral knee instability. Am J Sports
263. Med. 2006;34(8):1313-21.

. Strauss EJ, Ishak C, Inzerillo C, et al. Effect of tibial po- 22. Vogrin TM, Hoher ], Aroen A, Woo SL, Harner CD. Ef-
sitioning on the diagnosis of posterolateral rotatory in- fects of sectioning the posterolateral structures on knee
stability in the posterior cruciate ligament-deficient knee. Br kinematics and in situ forces in the posterior cruciate
] Sports Med. 2007;41(8):481-5. ligament. Knee Surg Sports Traumatol Arthrosc. 2000;

8(2):93-8.

. Bleday RM, Fanelli GC, Giannotti BE Edson CJ, Barrett TA.

Instrumented measurement of the posterolateral corner. ~ 23. Pritsch T, Blumberg N, Haim A, Dekel S, Arbel R. The

Arthroscopy. 1998;14(5):489-94. importance of the valgus stress test in the diagnosis of
posterolateral instability of the knee. Injury. 2006;37(10):

. Gollehon DL, Torzilli PA, Warren RE The role of the pos- 1011-4

terolateral and cruciate ligaments in the stability of the hu-
man knee: a biomechanical study. ] Bone Joint Surg Am.  24. Kennedy JC, Fowler PJ. Medial and anterior instability
1987;69(2):233-42. of the knee: an anatomical and clinical study using stress

) ) machines. ] Bone Joint Surg Am. 1971;53(7):1257-70.
. LaPrade RE, Wentorf F. Diagnosis and treatment of pos-

terolateral knee injuries. Clin Orthop Relat Res. 2002;(402): ~ 25. Fanelli GC, Larson RV. Practical management of pos-
110-21. terolateral instability of the knee. Arthroscopy. 2002;18(2

) ) Suppl 1):1-8.
. LaPrade RE, Bollom TS, Wentorf FA, Wills NJ, Meister K.

Mechanical properties of the posterolateral structures of the ~ 26. Noyes FR, Stowers SE, Grood ES, Cummings J, VanGinkel
knee. Am ] Sports Med. 2005;33(9):1386-91. LA. Posterior subluxations of the medial and lateral
tibiofemoral compartments: an in vitro ligament sectioning
study in cadaveric knees. Am ] Sports Med. 1993;21(3):407-
14.

. Grood ES, Stowers SE, Noyes FR. Limits of movement in
the human knee: effect of sectioning the posterior cruciate
ligament and posterolateral structures. ] Bone Joint Surg





