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Abstract:

The anterior cruciate ligament (ACL) is the primary restraint to anterior translation of the
tibia on the femur. Research suggests that resistance to anterior translation changes as the
tibia is rotated internally and externally. This study assessed the degree to which ACL
reconstruction and tibial rotation affects anterior knee laxity. Nine subjects with ACL lesions
and functional instabilities participated in the study. Subjects were measured 1 to 10 days
before surgery and 6 to 8 months after ACL reconstruction using the Kr-1000 knee
arthrometer. A mechanical leg stabilizer was used to assess anterior translation at 20° of knee
flexion in three positions: internal rotation of 15°, neutral, and external rotation of 15°.
Subjects were measured at 89 and 67 N of anterior force. Data were analyzed with a three-
factor (test x position x force) repeated measures ANOVA. Following surgery, reduction in
laxity (mm) for the three positions (internal rotation, neutral, and external rotation) was 1.9,
2.8, and 3.4, respectively, at 89 N and 1.5, 2.0, and 2.6, respectively, at 67 N. The degree of
reduction in laxity (presurgery to postsurgery) was dependent upon rotation and force, and
was greatest in external rotation and least in internal rotation pre- to postsurgery. We
concluded that ACL reconstruction using a patellar tendon graft significantly decreased
anterior tibial translation at all three positions, but a greater amount of reduction was
observed postsurgically at the externally rotated position. This supports the theory that
mechanical blocks and secondary restraints such as a taut mid-third of the iliotibial tract may
interfere with clinical laxity tests in some positions of tibial rotation. Fixing the tibia in an
externally rotated position may decrease the effect of secondary restraints and improve
sensitivity in testing for ACL laxity.
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Article:

The anterior cruciate ligament (ACL) plays a vital role in providing functional stability to the
knee. The diagnostic tests used to assess its integrity have generated much interest in both
clinical practice and research.[3,7,8,14,22,26,29,30] Clinicians disagree on the involvement of the
secondary restraints to anterior displacement of the knee,[2,10,19] thus leading to uncertainty in
interpreting clinical examinations. Much of the debate surrounds the interaction between
tibial rotation and laxity as well as the role of the ACL in restraining tibial rotation.

Tibial rotation appears to play a vital role in properly assessing the ACL.[6,16,18,19,27,30] Joint
laxity is a result of a complex interaction among all the ligaments.[21] This interaction is
altered when a ligament is cut or injured. Therefore, the change in laxity is due not only to
loss of the ligament, but also to a change in the interaction among the remaining ligaments.
The roles of these structures as restraints change as the tibia is rotated.[21]

Fukubayashi et al [6] reported a decrease in anterior and posterior translation when the tibias
of intact cadaveric knees were restrained in a neutral position. In the same study, however,
there were no significant differences reported in anterior or posterior translation between tests
allowing free tibial rotation and tests preventing free tibial rotation in knees with sectioned
ACLs.

Torzilli et al [31] reported that an anterior force applied to the tibia produced internal tibial
rotation in 98% of intact knees tested, while a posterior force produced an external rotation in
82%. Markolf et al[17] reported marked differences in anterior knee laxity when comparing
injured and normal knees at 15° external rotation, at both 20° and 90° of knee flexion, but
failed to see a similar trend at neutral and/or 15° internal rotation. Fiebert et al[5] reported
significant differences of tibial translation based upon the position of the tibia in neutral, 30°
internal rotation, and 30° external rotation using the KT-1000 on normal knees. In the
internally rotated position, anterior translation was limited and gave lower readings when
compared with neutral and external rotation of the tibia.

Inconsistencies in the interpretation of clinical laxity tests such as the Lachman and anterior
drawer [2,13,14,19,29] are usually attributed to either knee flexion or tibial rotation. While much
of the research available has focused on the effects of various angles of knee flexion, the
issue of mild (15°) tibial rotation in performing clinical laxity tests has yet to be thoroughly
investigated. As a result of biomechanical studies investigating knee flexion,[2,11,12,14,22,26]
modifications to joint laxity testing of the knee have become routine in clinical practice.

The Lachman test, performed with the knee flexed 10° to 20°, is positive more often than the
anterior drawer test because the hamstrings are less able to resist anterior translation near full
extension. Furthermore, rollback of the femur on the tibia is not complete at 20° of flexion;
therefore, the menisci are less likely to produce a stabilizing effect.

Several researchers have reported anterior displacement of the tibia using instrumented
arthrometry in injured and noninjured populations preoperatively,[1,15,23]
postoperatively,[15,20,24] and during nonsurgical management of ACL-deficient patients.
17,27,28]1 Markolf et al[171 and more recently, Martin et al[1s]



and Fiebert et al5 established that tibial positioning influences anterior tibial displacement.
No study, however, has attempted to determine the extent to which fixed tibial rotation

during knee laxity testing at 20° of knee flexion might better isolate the ACL through
minimizing the effect of the secondary restraints preoperatively to postoperatively. The
purpose of this study was to assess the effect of tibial rotation on anterior knee laxity in the
injured knee and to determine the effect of surgical intervention on laxity from three positions
of tibial rotation (neutral, 15° internal rotation, 15° external rotation).

METHODS

Anterior translation of the tibia on the femur was measured bilaterally in nine subjects (age =
25.2+£9.5yr, ht =175.5 + 8.8 cm, wt = 79.8 £ 14.6 kg) with ACL lesions and functional
instabilities. Functional instability was defined as feeling that the knee was going to "give
way" and/or being unable to perform normal activities of daily living. Tears of the ACL had
been diagnosed through clinical examination (positive Lachman and positive pivot shift) and
confirmed through magnetic resonance imaging and/or Telos stress radiography. Before
participation in this study, each subject read and signed a consent form approved by the
university institutional review board.

Subjects used in this study presented with subacute tears of the ACL. The time between
injury and surgery ranged from 1 to 7.3 months (x = 4.9 months). Subjects were evaluated 1
to 10 days before surgery (preoperative) and 6 to 8 months following ACL reconstruction
(postoperative) using a modified KT-1000 knee arthrometer (MEDmetric Corporation, San
Diego, CA). The arthrometer was equipped with a strain gauge and a processor (Omega
Technologies, Inc, Stamford, CT) that permitted continuous readouts of force from a digital
diode.23 The built-in dial tones on the standard KT-1000 were not used. Forces were
displayed on the diode and recorded to 1 X 10-1. A masonry line bubble level (Stanley
Works, New Britain, CT) was also attached to the KT-1000 to ensure that all displacement
forces were applied in the anatomical sagittal plane (Fig 1).

The Tibial Fixator Device (patent pending) was used to control tibial rotation (Fig 1). The
foot was placed in the ankle-foot orthosis accompanying the Tibial Fixator Device, thus
securing the tibia into the mortise and allowing foot positioning to control tibial rotation. The
ankle-foot orthosis pivots at the heel and allows the tibia to be fixed in one of three positions:
neutral, internally rotated 15°, and externally rotated 15°, as referenced from the head of the
second metatarsal of the foot. The Tibial Fixator Device also maintains the knee in 20° of
flexion, while stabilizing the thigh.



Fig 1: The modified KT-1000 arthrometer, with strain gauge attached to the handle and
digital diode. The Tibial Fixator Device, with ankle-foot orthosis, controls tibial positioning
and maintains the knee in 20° of flexion.

Anterior translation of the tibia relative to the femur was recorded at both 67 N (15 Ibs) and
89 N (20 Ibs) on the uninjured legs, followed by the injured legs at all three positions of
rotation. The uninjured legs were assessed to establish test-retest reliability. The selected
order of testing positions was randomized.

Following surgical reconstruction using a mid-third patella tendon autograft, subjects
completed a standard rehabilitation program. They returned 6 to 8 months postsurgery for a
follow-up evaluation.

Statistical analyses were performed using SPSS Release 4.1 statistical package (SPSS Inc,
Chicago, IL). A three-factor (test X position X force) repeated measures analysis of variance
(ANOVA) was performed to test main effects for test, position, and force, as well as any
interactions. Tukey post hoc comparisons were performed to determine where significant
differences occurred. Intraclass correlation coefficients were calculated for test-retest
reliability at each level of rotation using the Shrout and Fleiss formula.[25]

RESULTS

The tibial displacement measurements obtained for the two forces at each position of rotation
are presented in the Table. Main effects for test (F(1,8) = 179.27, p < .05), rotation (F (2,16)
=4.25, p <.05), and force (F(1,8) = 5.19, p < .05), test by rotation by force interaction
(F(2,16) = 18.51, p < .05) were all significant; thus the degree of reduction in displacement
(presurgery to postsurgery) was dependent upon rotation and force, and was greatest in
external rotation and least in internal rotation (Tukey post hoc test p < .05).

Test-retest intraclass correlation coefficients and associated standard error of measurements
were established using the normal limb for internal rotation (.94 and .46 mm), neutral (.84
and .50 mm), and external rotation (.72 and .83 mm).



Anterior Displacement for Injured and Uninjured Knees at 89 N and 67 N Force in 15°
Internal Rotation, Neutral, and 15° External Rotation (mm; mean + SD)

Presurgery  Postsurgery  Difference

Injured at 67 N Force

Internal Rotation 49+15 34+1.2 15

Neutral 6.3+1.9 43+1.2 20

External Rotation 79+22 53+2.3 26
Uninjured at 67 N Force

Internal Rotation 29+1.3 28+1.4 01

Neutral 3.1+0.9 27+05 04

External Rotation 49+1.1 43+1.1 04
Injured at 89 N Force

Internal Rotation 6.3+1.8 44+13 19

Neutral 8.1+1.6 53+1.6 28

External Rotation 10.1+2.3 6.7+23 34
Uninjured at 89 N Force

Internal Rotation 39+1.9 3.6+1.8 03

Neutral 3.9+15 3.4+1.6 05

External Rotation 5.7+ 1.6 54+16 03

DISCUSSION

Testing anterior knee laxity in fixed external tibial rotation may be better than in the fixed
neutral or internally rotated positions. As expected, ACL reconstruction using a patellar
tendon graft significantly decreased anterior tibial translation when measured 6 to 8 months
postoperatively; returning to near normal (< 2 mm) postoperatively as defined by Daniel et
al[4] (See Table).

The reduction in anterior displacement at 89 N was greatest from the externally rotated
position (3.4 mm) as compared to the other positions (2.8 mm, 1.9 mm). This trend was also
observed at 67 N (2.6 mm compared to 2.0 mm and 1.5 mm); however, reductions were not
as drastic as those recorded at 89 N. Thus, the three-way interaction is significant, and fixing
the tibia in 15° of external rotation, similar to that suggested by Slocum(26] and Larson,[14]
may decrease the effect of secondary restraints seen when performing the anterior drawer test
or even the standard Lachman test.

The need to better define the drawer test in near extension becomes evident in Hughston's[9]
description: "The hand grasping the proximal tibia naturally constrains the rotation of the
tibia in a neutral position or may allow it to move relatively unconstrained." We contend this
test can be improved by fixing the tibia in 15° of external rotation using the hand that also
applies the anterior force to the tibia. Our findings suggest that this may be a better test of
ACL integrity.

We believe that the tautness of the mid-third of the iliotibial tract (capsulo-osseus layer) when
the knee is fixed in mild (15°) external rotation is crucial to the assessment of the ACL. This
portion of the iliotibial tract progresses from the tibial attachment proximally to the lateral
femoral condyle and intermuscular septum (Fig 2).[9] The iliotibial tract is relatively taut with
the knee in 20° knee flexion. However, by externally rotating the tibia, the capsulo-osseus
layer becomes less taut, allowing for a more accurate test of the ACL.



Secondly, the ACL itself is under tension when the tibia is fixed in the neutral-internally
rotated position. Thus, by externally rotating the tibia, the ACL uncoils to a more functional
position, again allowing for a more accurate test of the ACL.

Fig 2: Mid-third iliotibial tract (capsulo-osseus layer) progresses from the tibial attachment
proximally to the lateral femoral condyle and intermuscular septum. (Reprinted from:
Hughston JC. Knee Ligaments: Injury and Repair. 1993. Permission granted by Mosby- Year
Book, Inc.)

attachment of laterol

(3) Femoral
/L) head of gastrocnemius

Long head of biceps (7~

N

©®©
Fibular attachment of
long head of biceps

Finally, as described earlier by Torg,[29] the posterior surfaces of the tibial and femoral
condyles provide an anatomical block to anterior tibial motion from the 90° position as a
complete rollback or glide occurs beyond 30° flexion. This was resolved by limiting knee
flexion to 20° for testing (ie, Lachman position). We further propose that slight external
rotation (15°) of the tibia from this position further enhances the joint mechanics. We believe
muscle guarding, joint compression, and a complete rollback (glide) of the femur are
eliminated from this position, thus allowing for a more isolated assessment of the ACL.

Our findings are consistent with those of Markolf et al{17] who studied injured vs normal
knees at the same three positions of rotation. Although mean values of displacement for the
three positions were not reported in this study, extrapolation of data indicates the externally
rotated position also demonstrated the greatest difference in anterior displacement when
comparing injured and uninjured knees. Based on their graphically presented data, estimated
changes in joint laxity at the three positions of rotation were 2.7 mm (internal), 3.2 mm
(neutral), and 3.7 mm (external) when a 100 N anterior force was applied.

One of the strengths of our study was that all subjects had isolated complete lesions of the
ACL with no associated capsular or collateral ligament involvement. Five of our nine
subjects had associated meniscal lesions; however, when anterior translation of the tibia is
tested with the knee fixed in 20° of flexion, the menisci are not likely to produce a stabilizing
effect. Therefore, we feel that meniscal pathology had no effect on anterior displacement. The
results of the anterior displacement tests using the KT-1000 on both injured and uninjured



knees are consistent with those of Steiner et al [28] Staubli and Jakob,[27] and Markolf et al,[17]
at the neutral position (8.1 mm, injured; 3.9 mm, uninjured).

At followup, the involved knee averaged 1.6 mm more laxity postsurgery than the uninvolved
knee. All subjects reported having achieved at least 85% of their original function. Because
our study involved only subjects with isolated ACL lesions, a small sample size was
inevitable. However, a study increasing the sample size and therefore the statistical power
might provide stronger evidence that external tibial rotation provides the clinician with a
more accurate measure of anterior knee laxity.

In summary, our findings suggest that decreases in knee laxity hold true at three levels of
tibial rotation presurgery to postsurgery from a position of 20° of knee flexion. Moreover,
15° of external rotation of the tibia during the assessment may provide clinicians with a more
accurate measurement of ACL integrity. ACL reconstruction decreased the amount of tibial
displacement, but to a different degree depending on the position of the tibia during testing.
Our findings are consistent with those of Slocum and Larson[2s] who described a test for
rotary instabilities different from the anterior drawer test or Lachman test. They established
the role of tibial rotation in assessing rotary instabilities specific to the ACL and related joint
capsule. Our findings suggest that rotation has a significant impact on clinical assessment of
anterior tibial displacement when attempting to isolate the ACL from 20° of knee flexion.
Our study warrants the need for further research in this area.
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