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ABSTRACT

Introduction

The aim of this study was to validate the reliability of the KT-1000 modified arthrometer
with hand-held dynamometer in active and passive condition of the knee joint stabilization.
Performing the test in active conditions may give reliable information that can be used in
patient follow-up with an injuried ACL.

Materials and methods

Two groups was examined: 21 patients with diagnosed anterior cruciate ligament rupture and
16 healthy controls. The modification of the KT-1000 was done by adding a dynamometer to
allow the therapist to measure the strength used in the arthrometric test. The difference in
the results was also evaluated according to the measurement conditions.

Results

Intraclass correlation coefficient (ICC) was performed to examine the reliability of measure-
ments and passive ICC values were 0.97 and ICC = 0.89 under active conditions. Significant
differences in the parameters tested in passive conditions also allowed for the determination
of ROC curves with reliable cut-off points for both translation and stiffness coefficient.

Discussion

Modification of the KT-1000 with hand-held dynamometer allowed to obtained data to allow
for joint stiffness to be observed which could provide opportunities for monitoring the influ-
ence of different forms of therapy on the mechanism of active knee stabilization.

Conclusion

The KT-1000 hand-held dynamometer modification is a sensitive tool for diagnosing knee
instability and may be an alternative device in clinical practice. Also, a change in the condi-
tion of testing sagittal knee translation in the form of active muscle stabilization results in
significantly differential outcomes.
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STRESZCZENIE

Wstep

Celem badania byta walidacja zmodyfikowanego artrometru KT-1000 uzupeinionego o dyan-
amomter reczny. Pomiar artrometryczny wykonywano w warunkach czynnej i biernej stabi-
lizacji stawu kolanowego. Przeprowadzenie testu w warunkach aktywnych moze uzupetnic¢
informacje kliniczne, ktére mozna wykorzysta¢ w monitorowaniu pacjentéw z uszkodzonym
wiezadlem krzyzowym przednim podczas rehabilitacji.

Materiaty i metody

Zbadano dwie grupy: 21 pacjentéw ze zdiagnozowanym zerwaniem wiezadla krzyzowego
przedniegoi 16 zdrowych oséb kontrolnych. Modyfikacje KT-1000 przeprowadzono poprzez
dodanie dynamometru, aby umozliwi¢ pomiar sity uzytej w teécie artrometrycznym. Réznice
w wynikach oceniono réwniez w zaleznoéci od warunkéw pomiaru.

Wyniki

W celu zbadania niezawodnoéci pomiaréw wykonano wspétczynnik korelacji wewnatrzkla-
sowej (ICC), a wartosci ICC biernego wynosity 0,97, a ICC = 0,89 w warunkach aktywnych.
Istotne réznice w parametrach testowanych w warunkach biernych pozwolity réwniez na
wyznaczenie krzywych ROC z wiarygodnymi punktami odciecia zaréwno dla wspétczynnika
translacji, jak i sztywnosci.

Dyskusja

Modyfikacja KT-1000 za pomoca recznego dynamometru pozwolita na uzyskanie danych
umozliwiajacych obserwacje sztywnosci stawéw, co moze da¢ mozliwosci monitorowania
wplywu réznych form terapii na mechanizm aktywnej stabilizacji kolana.

Whnioski

Modyfikacja recznego dynamometru KT-1000 czutego narzedzia do diagnozowania niesta-
bilnosci kolana i moze by¢ efektywnym urzgdzeniem w praktyce klinicznej. Ponadto zmiana
warunkéw badania translacji strzatkowej kolana w przy aktywnej stabilizacji mie$niowej
skutkuje istotnie zréznicowanymi wynikami i daje informacje na temat skutecznosci sta-
bilizacji miesniowej. Dodatkowo testem ROC uzyskano wartoéci graniczne translacji oraz
wspoblczynnika sztywnosci.

Stowa kluczowe: artrometr KT-1000, wiezadlo krzyzowe przednie, artrometria, stabilnosé¢
stawu kolanowego

Introduction

Anterior cruciate ligament (ACL) tear is one of
the most common knee injuries. Acute torsion
of the knee can lead to complete ACL rupture
(Magnussen et al., 2013, Behrens et al., 2013).
Arthrometry using a non-invasive arthrometer
is in addition to the clinical examination of
ACL function. One of the most popular and
used clinically is the KT-1000 arthrometer
(MedMetric, San Diego, CA, USA). The KT-1000

isasreliable as more sophisticated arthrom-
eters (eg RSA) and advanced measuring meth-
ods such as computerized navigation systems
used during ACL reconstruction (Tyler et al.,
1999, Monaco et al., 2009, Isber et al., 2006).
Itisa reliable tool used for examining stability
in sagittal plane both before and after surgery.
One of advantages is the simplicity of use
and the possibility of performing it during
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the appointment without special adjust-
ment of the office (Forster et al., 1989, Arneja
etal, 2009). When measuring undamaged or
ruptured ACL, the KT-1000 was more accurate
than the Rolimeter which is also economical
and easy to use (Balasch et al., 1999, Ganko
et al., 2000). For the accuracy of the results
obtained in the KT-1000 arthrometric test
it does not matter whether the patient is
anesthetized or not. However, the investiga-
tor's experience has a significant influence on
accuracy of the KT-1000 results (Ballantyne
et al, 1995, Berry et al., 1999, Sernert et al.,
2001). The results of the test also depend on
factors such as the angle of flexion in the joint,
strength used in the study, activation of the
stabilizing muscles of the joint and sex of the
examined person (Markolf et al., 1981, Markolf
etal, 1984,Ranggeretal, 1993, Strand et al,,
1995, Torzilli et al., 1991). Measurement in
clinical practice using the KT-1000 is used
in conditions of full muscle relaxation. The
addition of the displacement measurement
giving a quantitative result in milimeters,
with the variable representing quantitative
force F [N] used in the test, gives the possibil-
ity of calculating the stiffness coefficient k
for deflection in response to forces acting
on the elastic body k = F/Ax, where Ax is the
elongation of the body, and F is a stretching
force. The k value can be used to assess the
stiffness of joint stabilizing tissues, which
may be useful in the treatment of a patient
after a traumatic injury to the mechanism of
passive stabilization of the joint.

Material

The study group was consisted of 37 people
(21 in G group and 16 in CG - control group).
In group G there were 11 men and 10 women
aged 21 to 60 years (34.2 + 9.7), weighing
54 kg to 84 kg (68.9 + 8.1) and body height
from 159 cmto 182 cm (171.04 + 7.6). In the
CG group there were 9 men and 7 women
aged 23 to 24 years (23.3 + 0.6), body mass
54 to 84 kg (68.9 + 9.6) and body height 158
to 183 cm (173.69 + 8.4).

Inclusion and exclusion criteria

The study involved patients who had been
either diagnosed by orthopaedist complete
isolated anterior cruciate ligament rupture
and full mobility in the knee joint. Exclusion
criteria were damage to other anatomical
structures in the knee joint which was diag-
nosed during clinical examination and also
age below 18 years.

The CG group (control group) was comprised
of active patients which did not report any
knee afflictions and other injuries with joint
instability in the past and in clinical examina-
tion. The research project was approved by
the Bioethics Committee of the Academy of
Physical Education in Katowice.

Methods

The test consisted of two parts. The first was

a “classical” measurement of the forced trans-
lation of the crusin the sagittal plane at the

patient’s passive attitude at a knee flexion

angle of 30 degrees. According to the instruc-
tions, the patient was instructed to “maximal

knee relaxation”. The investigator measured

to the “hard endpoint”.

The second measurement was the original
proposal to modify this study. In an examina-
tion patient was instructed to “tighten the
muscles and immobilize the knee,” then the
measurement was performed.

Each test was performed 3 times, and the
mean values were analyzed statistically. The
study was performed by one investigator —an
experienced physiotherapist.

Tool

Arthrometric examination of the knee was
performed with a modified device KT-1000.
The modification consisted in adding to the
KT-1000 the spring dynamometer for measur-
ing tensile forces [N] denoted by the number
92/14. The dynamometer has been checked
at the Department of Precision Mechanics,
obtaining a certificate of verification number
133/14.

www.ironsjournal.org



Bogdan Bacik et al.: Modifications of arthrometric test with KT-1000 in assessing patients after ACL injury

Results

In order to verify the reliability of the test
tool as the modified KT-1000, the intraclass
correlation coefficient (ICC) values for the
displacement variable (x) and stiffness (k)
were determined. The ICC values for these
variables under passive and active conditions
in the group G and CG are presented below.

The repeatability of the results obtained
with the modified KT-1000 is in the interval
of excellent scores. The Mann-Whitney U test
was used to verify the significance of the
difference in results according to measure-
ment conditions and group.

The results of displacement as well as stiff-
ness differ significantly from one another
depending on the measurement conditions
(Table 1, Table 2). Measurement in active
conditions may give other important infor-
mation in the diagnosis and treatment in
anterior instability of the knee.

Comparing theresults obtained in the Gand
CGgroups of the x and k parameters a statis-
tically significant difference was achieved
which indicates that measurement in passive
conditions is a differentiation study of ACL
damage (Table 1, Table 2).
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Figure 1. Area under curve (AUC) values for x and k
parameters under passive conditions

For the results obtained during the study
under active conditions, the differences
between G and CG groups are not statistically
significant for any parameter (Table 4). This
modification cannot differentiate classifica-
tion of ACL damages. However, the results
indicate a statistical tendency pointing to
a higher translation and less stiffness of the
knee in patients.

The ROC curves were determined to provide
reliable cut-off points and to diversify ACL
patients from healthy subjects and provide
area under curve (AUC) values for x and k
parameters under passive and active condi-
tions (Figure 1, Figure 2). AUCis in the range
of <0; 1>.

In the case of passive measurement, the
results allow to set 7 mm as the cut-off point.
For the k factor in passive conditions the
cut-off point is 17222.22 N/m. In passive
tests AUC values are very close to 1 for both
x and k, which means very high power of the
model (Table 5, Table 6).

In case of active conditions, the results
allow to determine the 3 mm value as the
cut-off point. For k in passive conditions the
cut-off point is 40000 N/m.
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Figure 2. Area under curve (AUC) values for x and k
parameters under active conditions
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Table 1. ICC for translation (x).

Variable Test Conditions (¢ Group
Total 0.97
passive Group G 0.93
Group CG 0.93
* Total 0.89
active Group G 0.89
Group CG 091
passive and active Total 0.97

Table 2. ICC for the stiffness coefficient (k).

Variable Test Conditions Icc Group
Total 0.97
passive Group G 0.93
Group CG 0.93
x Total 0.89
active Group G 0.89
Group CG 091
passive and active Total 0.97

Adopted ranges for intraclass correlation:
1. Less than 0.40 — weak

2. Between 0.40 and 0.59 - sufficient

3. Between 0.60 and 0.74 - good

4. Between 0.75 and 1.00 - excellent.

Table 3. Measurement results in active and passive conditions.

. Standard Standard
Averages in PR Averages PR
. . . | deviation . . deviation
Variable n passive condi- | . . in active . . U P
. in passive cor in active
tions e conditions e
conditions conditions
x [mm] 37 7.7 1.92 331 0.75 4.50 0.00
k [N/m] 37 17881.23 5849.69 43997.75 17293.29 32.00 0.00
Table 4. Measurements in group G and CG in passive and active conditions.
. . Standard Standard
Variable PaS§1ve 0)/ 'n nimportant | Averages deviation Averages deviation U P
Active (1) CG G CG . G N
in CG inG
x [mm] 0 16 21 5.79 0.59 9.14 1.11 0.00 0.00
k [N/m] 0 16 21 22880.46 5192.32 14072.30 2479.27 15.00 0.00
x [mm] 1 16 21 3.04 0.79 351 0.67 106.50 0.058
k [N/m] 1 16 21 46010.10 34813.49 30588.89 4299.40 107.50 0.067
Table 5. AUC for translation and stiffness in passive conditions.
for passive conditions
AUC SE AUC lower 95% AUC upper 95% z P

variable (x) 0.999 0.002 0.996 1 292.345 0.0000
variable (k) 0.965 0.019 0.927 1 24.262 0.0000
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Table 6. AUC for translation and stiffness in active conditions.

for active conditions

AUC SE AUC lower 95% AUC upper 95% z ]
variable (x) 0.743 0.059 0.628 0.858 4.136 0.0000
variable (k) 0.751 0.057 0.638 0.864 4.368 0.0000

Discussion

There is no consensus on the reliability of
the KT-1000 in the published literature.
Wiertsema indicates low diagnostic value
of the device (Witersma et al., 2008). In the
study 20 people participated and the meas-
urement was performed with 89 N force
by 2 investigators. Also Jardin signalizes
that the results of lighter measurements
using KT-1000 do not correlate with radio-
graphic measurement using TELOS device
(Jardin et al., 1999). Hyder's studies show
alack of correlation between clinical trial
and KT-1000 results (Hyder et al., 1997).
Forster demonstrated that the KT-1000 can
provide reliable and statistically significant
results by investigating using 67 N and 89
N by four investigators (Forster et al., 1989).
Our results show the excellent reliability of
the KT-1000 modified instrument for both
passive and active conditions. Modification of
the device does not complicate the measure-
ment process and its use in the office is as
straightforward and economical as described
by Ganko by comparing the KT-1000 with
Rolimeter (Ganko et al., 2000). Torzilli et al.
found the best reproducibility of the results
after using the maximum possible force on
the KT-1000 during the test (Torzilli et al.,
1991). Strand results in a group of 42 patients
show the highest efficacy with the use
of maximal force during an arthrometric
study using the KT-1000 in 37 cases of knee
instability (Strand et al., 1995). Also Ballan-
tynein a group of 22 subjects with a unilateral
ACL lesion demonstrated a high ICC score of
0.88 with a maximum strength (Ballantyne
et al.,, 1995). Our study shows that measure-
ments for tibial translation performed by one
tester give ICC = 0.97 under passive conditions

and 0.89 under active conditions. Perform-
ing the test in active conditions gives reli-
able information that can be used in patient
follow-up with a ruptured ACL. Also, the
introduction of the stiffness parameter into
the patient observation process seems to
be reasonable. The proposed measurement
procedure is quick and easy and may give the
opportunity to test for example the effect of
exercise on the knee stability.

Conclusion

The results of the experiment show that the

KT-1000 hand-held dynamometer modification
is a sensitive tool for diagnosing knee instabil-
ity and may be an alternative device in clinical

practice. Also, a change in the condition of
testing anterior translation of the tibia on
the femur in the form of active muscle stabi-
lization results in significantly differential

outcomes and may be an important element
in monitoring patient condition after knee

injury during treatment and rehabilitation.
Modification of the KT-1000 with hand-held

dynamometer allowed to obtained data to

allow for joint stiffness to be observed which

could provide opportunities for monitoring

the influence of different forms of therapy on
the mechanism of active knee stabilization.
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