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Experimental loss of menisci, cartilage and subchondral bone
gradually increases anteroposterior knee laxity
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Abstract

Purpose Anteroposterior knee stability is a relevant fac-

tor for the decision-making process of various surgical

procedures. In degenerative joints when the implantation of

unicompartimental prostheses or corrective osteotomies of

the limb are planned, the integrity of the anteroposterior

stability with an intact ACL has been regarded as a nec-

essary prerequisite. We hypothesise that joint degeneration,

however, may influence the anteroposterior knee laxity.

Therefore, we set out to test this hypothesis simulating

a progressively ‘degenerated’ joint in an experimental

cadaveric setting.

Methods Twelve intact transfemorally resected Thiel-

fixated cadaver knee joints were divided into 2 groups for

manipulation in the medial or lateral compartment. In each

knee, we performed (1) unilateral total meniscectomy; (2)

simulation of advanced osteoarthritis, by unilateral total

cartilage debridement; (3) simulation of a unilateral tibial

impression fracture, by resection of 5 mm of the tibial

plateau; (4) transection of the ACL. The KT-1000

arthrometer was used to measure the extent of anteropos-

terior translation at 30� of knee flexion.

Results The mean value for tibial anteroposterior trans-

lation before intervention was 3.2 mm (SD: ±0.8). The

mean translation after each intervention was 4.6 mm (SD:

±0.9; ?44%; n.s.) after meniscectomy, 5.9 mm (SD: ±1.5;

?84%; P \ 0.05) after cartilage debridement, 8 mm (SD:

±1.5; ?150%; P \ 0.01) after bone debridement, and finally

9.7 mm (SD: ±2.2; ?203%; P \ 0.05) after resection of

the ACL. There were no significant differences between the

medial and lateral compartment.

Conclusion In absence of massive osteophytes or capsu-

lar shrinkage, rapid loss of meniscus, cartilage and partic-

ularly loss of subchondral bone may result in a massive

increase in anteroposterior translation, mimicking a tear of

the ACL. In such a situation, a false positive impression of

a ligamentous injury may arise, and decision making is

falsely directed away from totally or partially knee joint-

preserving procedures. Therefore, in degenerate joints,

clinical evaluation of anteroposterior stability should rather

rely on the presence of a firm stop than an overall increased

joint translation.
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Joint degeneration � ACL insufficiency �
Arthrometic evaluation

Introduction

Clinical evaluation of anteroposterior knee stability can be

challenging, even for the experienced examiner. It usually

includes the assessment of the overall translation and the

finding of a firm stop of the translation, corresponding to

the resistance of intact ligamentous structures. The integ-

rity of these ligaments is important in the decision making

of various surgical procedures. Also in the treatment of

degenerative joints, where meniscal transplantation, cor-

rective osteotomies or unicompartimental knee prosthesis

are considered, the sagittal stability has to be taken into

account. Several anatomical structures contribute to the
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anteroposterior stability, such as the cruciate ligaments, the

joint capsule with the incorporated ligaments [6], the

menisci [16, 17] and the active tension of the surrounding

musculature [18]. Further, geometrical factors as shape of

the joint, particularly the posterior slope of the tibial pla-

teau, influence relevant joint stability [10]. However, all

ligamentous structures, which connect the femur with the

tibia, have to cross the joint line at a certain angle.

Therefore, their line of action is not exactly parallel with

the direction of the anteroposterior translatory movement.

The effect of the loss of the above-mentioned structures on

varus/valgus laxity is well known [20, 21]. The effect of

the sagittal stability in late stage of a long-standing

osteoarthritis is also described [5, 9]. However, in case of

rapid progression of cartilage loss (i.e. after trauma or

infection), where compensating mechanisms like formation

of osteophytes are missing, the sagittal stability may be

otherwise influenced. Therefore, we hypothesised that loss

of joint space beyond the known effect of meniscal

resection will decrease the distance between insertion

points of the stabilising ligaments with a consecutive slack

of the corresponding ligaments and capsule.

Goal of the study was to test the above-described

hypothesis regarding the anteroposterior laxity simulating a

progressively ‘degenerated’ joint in an experimental

cadaveric setting.

Material and method

Sixteen transfemorally resected, Thiel-fixated [24] lower

limbs, including two-thirds of the femoral bone and soft

tissue, were prepared for the purpose of this study. The

specimens were obtained from thirteen donors, including

three matched pairs. A fixation device was constructed to

allow arthroscopic treatment of the knee joints. Two

Steinman pins were transversely placed in the distal

diaphysis of the femur and clamped in the brackets of the

fixation device. Arthroscopy was performed using two

standard (anteromedial and anterolateral) portals. First, in

all available knees, a diagnostic arthroscopy was performed

to evaluate integrity of the menisci, the cartilage and the

anterior cruciate ligament. Cartilage degeneration more

than grade 2 according to Outerbridge, relevant osteophytic

appositions, or ACL deficient knees were excluded. Four

specimens had to be excluded as follows: two with

advanced cartilage degeneration, one due to ACL defi-

ciency and one because of a supracondylar fracture after

Steinman pin insertion.

Finally, 12 intact cadaveric knee joints were available

for further testing. The specimens were randomly divided

into two groups of 6 knees. In the first group, the manip-

ulation was performed only in the medial compartment, in

the second group only in the lateral. The adding procedure

for the selected compartment was standardised. All inter-

ventions were performed arthroscopically with meniscal

resectors or motorised shavers, respectively, in order to

minimise a destabilising effect caused by the surgical

approach. First, a unilateral total meniscectomy was per-

formed; second, simulation of advanced osteoarthritis by

unilateral total cartilage debridement till subchondral bone

was performed using a 5.5-mm serrated shaver blade; third,

simulation of a unilateral tibial bone loss, by resection

of 5 mm of the tibial plateau sloping posteriorly using a

5.5-mm oval burr; finally, transection of the ACL was

performed. Figure 1 illustrates the medial compartment

after each intervention. Under slight varus/valgus com-

pression, anteroposterior radiographs were taken to confirm

Fig. 1 Illustrations of the

medial knee compartment

before and after each

intervention: First, a unilateral

total meniscectomy was

performed. Advanced

osteoarthritis was simulated by

unilateral total cartilage

debridement. Finally, a

unilateral tibial impression

fracture was simulated by

resection of 5 mm of the tibial

plateau
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the corresponding cartilage or bone loss. Cartilage resec-

tion was considered completed, if the joint space was total

narrowed.

The KT-1000 arthrometer (Medmetric Corporation, San

Ciego, CA) was used to measure the extent of anteropos-

terior translation of the tibia to the femur. The same sur-

geon performed all measurements. The arthrometer was

secured to the lower limb with the two dedicated Velcro

straps, and the two sensing pads were positioned on the

patella and on the tibial tubercle according to the manu-

facturer’s instructions. The anterior translation is the rela-

tive movement between the two pads, with a precision of

1 mm. The standardised measurement position was in 30�
of flexion and neutral rotation of the tibia. A goniometer

was used for correct angel positioning. Measurements were

performed with a pressure of 30 pounds (133�N) [7, 14,

23].

In order to evaluate intraobserver agreement, two pre-

intervention measurements were performed, one after

diagnostic arthroscopy and the other one immediately prior

to the primary intervention with at least 1 day in between.

The mean of this two pre-intervention measurements

functioned as the baseline value. Further tests were per-

formed in exactly the same manner after each intervention.

Care was taken to drain the knee before measurement,

because effusions can have an effect on the measurement

result [27].

Statistical analysis

Statistical analysis was performed with the software

PRISM (PRISM 4 for Macintosh, Version 4.0c, Graphpad

Inc) and R (R Development Core Team 2010) by a

medical statistician. An analysis according to Bland and

Altman was used to assess agreement between the two

pre-intervention measurements. Normality was tested by

the Kolmogrov–Smirnov test before applying the Mann–

Whitney for statistical comparison between the lateral and

the medial side at each of the time points. Due to lack of

statistical differences between the lateral and medial side,

the data were pooled for analysis of inter time point

measures by means of one way ANOVA with either

Bonferonni or Dunnett’s Posthoc test. All tests were per-

formed at a significance level of alpha = 0.05, and con-

fidence intervals were computed at a confidence level of

95%.

Results

The mean body donors age in the medial and lateral

compartment group was 77 (SD: ±16) years and 79 (SD:

±11) years, respectively. There were 3 right and 3 left in

the medial and 2 right and 4 left in the lateral compartment

group. Gender distribution was 5:1 (f:m) in both groups.

Result of the Bland–Altman analysis provided differences

between the two pre-intervention measurements within limits

of agreement, so they can be used interchangeably.

The mean value for tibial translation before intervention

was 3.2 mm (SD: ±0.8). The absolute mean translation

after each intervention was 4.6 mm (SD: ±0.9; ?44%; n.s.)

after meniscectomy, 5.9 mm (SD: ±1.5; ?84%; P \ 0.05)

after cartilage debridement, 8 mm (SD: ±1.5; ?150%;

P \ 0.01) after fracture simulation (bone debridement), and

finally 9.7 mm (SD: ±2.2; ?203%; P \ 0.05) after resec-

tion of the ACL. The mean increase of each intervention on

the previous was ?1.3 mm (28%; P \ 0.01) after cartilage

debridement following meniscectomy, ?2.1 mm (36%;

P \ 0.01) after fracture simulation following cartilage

debridement, and finally ?1.7 mm (21%; P \ 0.05) after

transection of the ACL following fracture simulation

(Table 1; Fig. 2).

There were no significant differences between the medial

and lateral compartment when comparing the influence

of the interventions on the anteroposterior translation

(Table 2; Fig. 2).

Discussion

The most important finding of the present study was that

loss of menisci, cartilage and subchondral bone influences

gradually the anteroposterior stability in the knee joint.

Therefore, the results did mostly confirm the hypothesis.

The increase of instability in the stepwise procedure was,

however, not a linear. Meniscectomy alone had a relatively

Table 1 Anteroposterior translation before and after intervention

Mean ± SD Mean ± SD Statistical

difference

Pre-intervention Meniscectomy

3.2 ± 0.8 4.6 ± 0.9 P [ 0.05

Pre-intervention Cartilage debridement

3.2 ± 0.8 5.9 ± 1.5 P \ 0.05

Pre-intervention Tibial bone debridement

3.2 ± 0.8 8.0 ± 1.5 P \ 0.01

Pre-intervention ACL transection

3.2 ± 0.8 9.7 ± 2.2 P \ 0.05

Meniscectomy Cartilage debridement

4.6 ± 0.9 5.9 ± 1.5 P \ 0.01

Cartilage debridement Tibial bone debridement

5.9 ± 1.5 8.0 ± 1.5 P \ 0.01

Tibial bone debridement ACL transection

8.0 ± 1.5 9.7 ± 2.2 P \ 0.05
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small and non-significant effect, which is consistent with

earlier reports [16, 17]. The increase between meniscec-

tomy to cartilage debridement and further to bone resection

was, however, significant. Interestingly, there was no sig-

nificant difference between the procedures performed

medially or laterally. However, this effect of increasing

anteroposterior translation in degenerated joints has to our

knowledge not been described before and may have an

important clinical relevance.

Because the assessment of the anteroposterior stability is

an integral part of every physical examination of the knee,

an increased translation compared to an intact opposite side

or absolute translations of more than 6–10 mm [8, 14, 19]

is considered as a sign of anterior ligament insufficiency

and knee instability. The integrity of the anterior cruciate

ligament has been regarded as a necessary prerequisite

[3, 11, 25] for the implantation of unicompartimental

prostheses or corrective osteotomies of the limb. Knee

instability may, therefore, be a contraindication for various

procedures in the degenerative joint. However, our

hypothesis that the rapid loss of joint space (meniscus and

cartilage) and also loss of subchondral bone may have an

indirect influence on anteroposterior laxity due to loss of

tension on the knee stabilising ligaments and capsule was

confirmed.

It is reasonable to assume that in the late stage osteo-

arthritic knee, this findings may not be found, as there are

other, in part competing factors during joint degeneration,

such as the stabilising effect of osteophyte formation [20]

or contracture and tightness of the ligaments or capsular

structures [5]. Cartilage loss occurs usually gradually but

can be rapid in some cases, like trauma with osteochondral

lesions or septic gonarthritis, which, however, may favour

a destabilisation due to wearing out of ligaments around the

knee [26]. It may further be speculated and investigated in

future studies that not all patients react identically to loss of

cartilage, as also not all patients form osteophytes in the

same amount or at all. Also an altered tibial slope may be

of importance and further increase the observed effect [10].

This study has some limitations. First, the cadaveric

setting: even though accepted as a fixation method in

mechanical tests, Thiel fixation may influence and most

likely decrease general ligament flexibility [13]. Therefore,

the tests may underestimate the actual knee laxity. Another

factor is the measurement method. The KT-1000 is a

widely accepted and valid tool for the instrumented mea-

surement of the anteroposterior tibial translation not only in

the clinical environment [2, 14, 19, 22, 28] but also in

cadaveric testing [1, 4, 15, 27] but does rely on pressure on

soft tissue (skin and subcutaneous fat) and is, therefore,

prone to some variability. Still repeatability was in a very

favourable range and appeared reasonable. In a preliminary

test, radiological measurements of the translation and

measurement in bigger flexion angles appeared both not

feasible and too unreliable in this setting. The order in

which the joint space was surgically narrowed may also be

varied; the simulation of bilateral disorders may result in a

more extensive alteration of knee stability, particularly on

medio-lateral translation. However, in this series of tests,

the intention was to simulate pathologies, which are treated

with partially, or totally joint-preserving methods. We may

further speculate that procedures which elevate the bone

surface relative to the ligaments do not only result in a

tighter varus/valgus, but also anteroposterior stability,

which will be subject of future testing. Therefore, the use

of computer-navigation tools that are most likely the best

alternative in laboratory testing [12, 19] have to be con-

sidered, to allow investigation of transverse or rotational

loading patterns.

Fig. 2 Illustration of the anteroposterior tibial translation after each

intervention. Statistically significant differences are marked. There

was no significant difference between the medial and lateral

compartment

Table 2 Anteroposterior translation in medial and lateral

compartment

Medial Lateral Statistical

differencemean ± SD mean ± SD

Pre-intervention 3.2 ± 0.7 3.3 ± 0.9 P = 0.839

Meniscectomy 4.4 ± 0.6 4.8 ± 1.2 P = 0.937

Cartilage debridement 5.6 ± 0.9 6.3 ± 2.0 P = 0.818

Tibial bone debridement 8.3 ± 0.8 7.8 ± 1.9 P = 0.309

ACL transection 10.1 ± 1.6 9.3 ± 2.9 P = 0.309
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Beyond the above-mentioned limitations, the presented

study still reports to our knowledge a new observation and

may help to improve the clinical evaluation of knee joints

with a history of trauma, septic arthritis or other source of

rapid unicompartimental degeneration. In such a situation,

a false positive impression of a ligamentous injury may

arise, and decision making is falsely directed away from

totally or partially knee joint-preserving procedures.

Conclusion

Acute loss of the meniscus and cartilage and particularly

impression of the joint surface may result in increased

anteroposterior laxity, mimicking a relevant tear of the

anterior cruciate ligament. Therefore, in degenerate joints,

clinical evaluation of anteroposterior stability should rather

rely on the presence of a firm stop than an overall increased

joint translation.
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