ORIGINAL ARTICLE

Medycyna Ogélna i Nauki o Zdrowiu 2023, Tom 29, Nr 4, 293-298
www.monz.pl

[@)evne |

Knee extension among patients with
damaged anterior cruciate ligament

Ocena wyprostu stawu kolanowego u pacjentéw z uszkodzonym

wiezadtem krzyzowym przednim

Jakub Sojat"28P®, Michat Szlezak'**®", Dagmara Wasiuk-Zowada*>“"", Karolina Pazdziora*t"®,

Wirginia Likus"£*

' Department of Anatomy, Faculty of Health Sciences in Katowice, Medical University of Silesia, Katowice, Poland

2 Association of Neurophysiological-Orthopaedic Manipulative Physical Therapists, Katowice, Poland

3 Department of Physiotherapy, Faculty of Health Sciences in Katowice, Medical University of Silesia, Katowice, Poland
4 Student’s Scientific Association at The Department of Anatomy, Faculty of Health Sciences in Katowice, Medical

University of Silesia, Katowice, Poland

A - Research concept and design, B — Collection and/or assembly of data, C — Data analysis and interpretation,
D - Writing the article, E - Critical revision of the article, F — Final approval of article

Sojat J, Szlezak M, Wasiuk-Zowada D, Pazdziora K, Likus W. Knee extension among patients with damaged anterior cruciate ligament. Med

Og Nauk Zdr. 2023; 293-298. doi: 10.26444/monz/174215

0 Abstract

Introduction and Objective. A common belief is that after an
anterior cruciate ligament (ACL) injury, there is a deficit knee
range of motion (ROM). Deficit ROM can be caused by swelling,
postoperative or postinjury pain. However, in the literature
there is a lack of papers proving that there is a deficit of knee
joint extension ROM after ACL injury. The aim of the study
was to compare the knee joint extension range between the
healthy limb and the limb with an anterior cruciate ligament
(ACL) injury.

Materials and Method. The study was performed on
a group of 44 patients aged 18-46 years with ACL injury
(non-operative). The diagnosis was made on the basis of
functional tests: Lachman test, pivot shift test, anterior drawer
test, confirmed by MRI examination. ACL damage was also
diagnosed in the MRI report by a radiologist. A Saunders
inclinometer was used to measure passive and active knee
extension.

Results. There was asignificant difference in the measurements
of knee extension between a healthy limb and a limb with
an ACL injury (active extension p=0.0012; passive extension
p=0.0122).

Conclusions. The limb with ACL injury had a lower range
of extension in comparison to the healthy limb. Therefore,
treatment focusing on improving the range of extension
seems to be beneficial in patients’ recovery. It is important to
examine both the active and passive knee extension range of
motion after ACL damaged.
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I Streszczenie

Wprowadzenie i cel pracy. Powszechnie uwaza sie, ze po
urazie wiezadta krzyzowego przedniego (ACL) wystepuje
ograniczenie ruchomosci stawu kolanowego. Jest wiele przy-
czyn ograniczenia ruchu, m.in. opuchlizna, bél pourazowy,
jednakze w literaturze brakuje prac przedstawiajacych zjawis-
ko, ktorym jest deficyt wyprostu stawu kolanowego po urazie
ACL. Celem pracy byto poréwnanie zakresu ruchu wyprostu
stawu kolanowego miedzy korczynami dolnymi u pacjentéw
po uszkodzeniu wiezadta krzyzowego przedniego.
Materiati metody. Badanie zostato przeprowadzone w gru-
pie 44 pacjentéw z uszkodzonym ACL (nieoperowanym). Diag-
noza zostata oparta na wynikach testow funkcjonalnych: testu
Lachmanna; testu pivot shift oraz testu szuflady przedniej.
Ponadto w obrazie rezonansu magnetycznego musiato by¢
potwierdzone uszkodzenie ACL. Dodatkowo uszkodzenie
ACL musiato by¢ potwierdzone w opisie przygotowywanym
przez lekarza specjaliste radiologii. Zakres wyprostu mierzono
zarébwno pasywnie, jak i aktywnie za pomoca inklinometru
Saundersa.

Wyniki. Konczyna z uszkodzonym ACL ma mniejszy zakres
wyprostu w poréwnaniu do koriczyny zdrowej. (Aktywny za-
kres wyprostu p = 0,0012; bierny zakres wyprostu p = 0,0122).
Whnioski. Leczenie zorientowane na poprawe zakresu
ruchomosci wydaje sie odpowiednie w powrocie do petnej
sprawnosci funkcjonalnej pacjentéw z uszkodzeniem ACL.
U pacjentéw po uszkodzeniu ACL zawsze nalezy badac zakres
wyprostu zarowno w formie czynnej, jak i biernej.

Stowa kluczowe

wiezadto krzyzowe przednie, uraz kolana, wyprost kolana,
leczenie nieoperacyjne
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INTRODUCTION

The function of the knee joint after Anterior Cruciate
Ligament (ACL) reconstruction has been extensively
described in the literature. Authors have mainly focused
on the postoperative range of motion, knee proprioception,
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and other important factors influencing knee function [1-
11]. However, there is a paucity of research describing the
function and, in particular, the range of motion of the knee
joint after ACL injury without reconstruction.

The ACL stabilizes the knee joint by attaching proximally
to the inner surface of the lateral femoral condyle, and distally
to the anterior intercondylar region of the tibia [12]. The ACL
wraps around the posterior cruciate ligament (PCL), and
together with the PCL firmly connects the femur to the tibia.
Together with the collateral ligaments, the ACL guides the
articular condyles during joint movement [13].

The X-shaped arrangement of the anterior and posterior
cruciate ligaments results in their strong tension in almost
all positions of the joint, which explains their important
role in stabilizing the knee joint, especially in flexion [14].
If both ACLs sustain damage, the femur and tibia may slide
back and forth in relation to each other, causing symptoms
of instability [15] (positive drawer test). It is also worth
considering the pathomechanics of the knee joint after
ACL injury. The ACL prevents strenuous valgus and varus
positions of the knee during extension, flexion, and internal
rotation. Damage to the ACL results in impaired control of
flexion and extension movements. [16]. During extension,
the anterior ACL and posterior PCL ligaments are tightened.
After ACL injury, there is a decrease in the range of motion
of the knee joint. Surprisingly, the unstable joint shows
a reduced range of motion [17]. It should be noted that the
ACLis highly mechanosensitive innervated, suggesting that it
plays an important mechanosensory role [18]. Therefore, ACL
damage is also associated with disorders of the proprioceptive
system, which impairs the neuromuscular mechanism of
knee joint control. In addition, ACL damage is associated
with pain, a sensation of instability, and oedema [19, 20].
These and other factors can lead to significant differences
in the range of motion between the limbs.

Under physiological conditions, the measurement results
should be close to each other, and large differences between
the results may indicate pathological changes. Several
publications describe the deficits in an extension of the
knee joint after ACL injury and reconstruction [6, 7, 11, 17].
However, few describe the condition of patients after ACL
injury without reconstruction.

The aim of this study was to investigate whether there
are statistically significant differences in the parameters of
knee joint extension, measured in both passive and active
tests, between the healthy limb and the limb with an ACL
injury

MATERIALS AND METHOD

The study was conducted in a group of 44 men aged 18-46
years (Tab.1), mean age — 24.93 years (+ 6.83 years), with
isolated ACL damage. The patients were examined 5-52
weeks after injury (mean 20 weeks, SD 15). Most patients
(n=19) were examined within 11-19 weeks of ACL injury.
(Fig. 1)

The first inclusion criterion for the study was a diagnosis
of ACL damage based on physical examination, MRI
imaging, and subjective patient-reported instability of
the joint. Physical examination included a standard knee
examination with the Lachman test [21], anterior drawer test
[22], and pivot shift test [23], performed by a physician. MRI

Table 1. Characteristic of study group (n = 44)

Features Mean SD Min. Max.
Age [years] 24.93 6.83 18.00 46.00
Height [cm] 177.80 561 164.00 188.00
Body weight [kg] 78.68 9.93 58.00 98.00
BMI 24.85 20.31 29.75 2.59

Time since damage [weeks]
20 19
18
16
14

12
10

Number of persons
.
o

o N oA o ®

11-19 weeks 20-30 weeks more than 30 weeks

up to the 10th week

Figure 1. Time interval between the injury and the physical examination

imaging was performed in T1- and T2-weighted sequences
in the sagittal, transverse, and axial planes, as well as in the
plane along the course of the ACL. ACL injury was based on
the radiologist’s description. Other inclusion criteria were:
a painless knee flexion range of at least 90 degrees and the
ability to move independently without the use of orthopedic
crutches. Exclusion criteria included: pain on examination,
ACL damage in both knee joints, extension deficit greater
than 30 degrees, advanced degenerative changes of the knee
in stages IIT and I'V visible on MRI, and previous orthopaedic
surgery on the lower limbs. All examinations were performed
at an Orthopaedics Medical Centre

Due to the retrospective nature of the research, it did
not require the approval of a Bioethics Committee. Data
confidentiality was respected in accordance with the Helsinki
Declaration.

Examination of knee joint extension range using Saunders
inclinometer. The study was carried out by 2 researcher
physiotherapists, one of whom took the measurements
with an inclinometer, while the other was responsible for
stabilizing the patient and assisting with movement during
the passive examination. The patient lay supine on a medical
couch with his lower legs lowered from the couch and his
popliteal fossa placed on the edge of the couch. The patient
reported no symptoms of neural or vascular pressure in this
area. The examiner stabilized the limb being examined by
placing one hand on the thigh, 3 cm proximal to the base
of the patella. His other hand stabilized the distal part of
the tibia from the dorsal side. In the passive test (Fig. 2),
the examiner extended the patient’s knee joint, without
the patient’s active involvement, until hard joint or muscle
resistance was felt, or until the patient reported discomfort.
In the active test (Fig. 3), the patient performed extension of
his knee until the same borderline sensations as described
above were achieved. The first examiner stabilized the final
position of the joint and the second examiner read the
measurement result. The inclinometer was always applied
to the tibia below the tibial tuberosity at its anterior edge.
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Figure 3. Examination of the active extension in the knee

The inclinometer was calibrated and horizontally zeroed
before measurement.

The result of the measurement represents the position
of the tibia in relation to the horizontal plane in line with
the stabilized femur. Measurements were taken twice and
the average of the two measurements was calculated. The
Shapiro-Wilk test was used to calculate the normality
distribution. Differences between measurements were
calculated using Student’s t-test for independent samples
(a< 0.05). Calculations were made in TIBCO Statistica 13.3.

RESULTS

Statistical analysis revealed significant differences in
knee joint extension parameters between the healthy and
ACL-injured limbs for both passive (p= 0.0012) and active
(p=0.0122) test measurements (Figs. 4-5). The minimum,
maximum, and standard deviation of the knee extension
measurements are shown in Table 2.

DISCUSSION

There are few publications in the literature that describe the
limitations of knee range of motion in patients with ACL
injury. Muneta et al. investigated the correlation between
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Figure 4. Comparison of passive extension movement between a healthy knee
and with damaged ACL
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Figure 5. Comparison of active extension movement between a healthy knee
and with damaged ACL

Table 2. Active and passive movement test results of extension range in
healthy and ACL injured knee [°]

Variant Mean SD Min.  Max. p

Active range of knee extension —

R -7.51 6.07 -16.50 10.00
healthy extremity
- - 0.0012*
ActlvheArange of kneg extension - 1259 805 -3600 8.00
ACL injured extremity
Passive range of knee extension — 565 630 -2150 1050
healthy extremity
- - 0.0122*
Passive range of knee extension - 947 763 -2850 7.00

ACL injured extremity

*<0.05

knee extension deficit after ACL injury and time elapsed since
the injury in a study group of 81 patients with ACL injury. The
patients were treated both surgically (ACL reconstruction)
and non-surgically (conservative treatment), and were
divided into 2 groups: Group 1 with an acute condition (17
patients, 3 weeks after the injury) and Group 2 with a chronic
condition (64 patients, more than 3 weeks after injury) [24].
Both the healthy limb and the limb with the injured ACL
were examined, and the range of extension was measured
on plain radiographs. It was found that in both groups the
range of knee extension in the limb with the ACL injury was
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smaller than in the healthy limb. Also found was that the
knee extension deficit after ACL injury correlated positively
with the time since ACL injury.

Additionally, a subgroup of 12 patients (mean age 33 years)
with ACL injuries who did not require ACL reconstruction
could be distinguished from the acute group (Group 1). In
this group of patients, the range of motion of the knee joint
was assessed twice: the first time 3 weeks after the ACL injury
and the second time, on average, 208 days after the injury
[24]. The authors found an increase in knee extension range at
the second measurement. It is important to note that Muneta
et al. only assessed the range of extension using a passive
test and did not assess the active movements, which play
an important role in assessing and improving the patient’s
functionality. Based on their studies, Szlezak et al. found
that the passive flexion range of the limb with an ACL injury
was positively correlated with the extension range of active
movement of the injured joint. Therefore, it can be assumed
that the absence of the ACL determines the reduced range
of extension and flexion of the knee joint [17].

Berend et al. also demonstrated a relationship between
the absence of the ACL and the reduction in the range of
motion of the joint described. The authors studied a group
of patients undergoing total knee arthroplasty (TKA) and
assessed differences in the preoperative range of motion. The
study group consisted of 1,656 knees of patients undergoing
TKA [18]. The authors found that the mean range of extension
was lower in patients with a damaged ACL who were eligible
for TKA than in the group of patients with a preserved ACL
[18]. In a study by Schreiber et al. comparing 2 types of
reconstruction in a group of 99 patients [4], measurements
of knee joint extension showed that the mean values of their
results were lower in the operated limb, compared to the
unoperated limb.

The above observations referred to measurements taken
at both one and 3 months after ACL reconstruction and
occurred in patients who underwent either one or the other
method of reconstruction.

Other authors have indicated the overloading of the
patellofemoral joint that occurs in patients after ACL
reconstruction with an extension deficit [25]. To better
understand these problems, Sachs et al. investigated the
relationship between extension deficit and patellar irritability
(including crepitations). They measured the degree of deficit
by performing active extension of both knee joints, with
the patient supine. The authors confirmed that a greater
extension deficit showed a positive correlation with patellar
irritability [26]. Sachs et al. showed that the extension
deficit leads to an increase in the compressive contact
forces in the patellofemoral joint and, as a result, may lead
to pain symptoms in the anterior part of the joint [26]. This
mechanism was explained by Hong, who noted that in
patellofemoral joint dysfunction, the patella has difficulty
maintaining the correct path of motion concerning the
trochlear groove [27].

Physiologically, the patella moves up and down along
with flexion and extension of the knee [28]. In the presence
of pathological changes, the movement of the patella may
be disturbed. In addition, Hong stated that the above
phenomenon may be accompanied by pain in the anterior part
of the knee [27]. Consequently, patients with knee extension
deficits who experience pain in the anterior part of the joint
may show dysfunction of the patellofemoral joint. Apart from

the knee extension deficit, after ACL damage, it is important
to consider the potential symptomatic manifestation in the
form of muscle stiffness. Kuszewski et al. examined the
passive stiffness of hamstring muscles and rectus femoris
muscle in a group of patients after ACL reconstruction, and
compared their results with those obtained in the control
group of patients with healthy limbs [5]. The authors proved
that in the study group, the stiffness of the examined muscles
was greater than in the control group.

It is worth mentioning that often in the medical world,
authors aim to identify or propose the most effective and
successful treatment after ACL injury. Literature reports
usually focus on the comparison between therapeutic
outcomes of conservative treatment (usually an improvement
process) vs. surgical treatment (early ACL reconstruction)
[29,30]. The authors emphasize that at a longer follow-up of
patients of 24 months (Reijman [29]) and 18 months (Beard
[30]), statistically better results were achieved when ACL
reconstruction is implemented early after the injury.

The authors of these studies specifically note the reduction
in symptoms related to pain, instability, and improved quality
oflife among patients undergoing early surgical intervention
[30]. On the other hand, Beard et al. studied patients based
on the Knee Injury and Osteoarthritis Outcome Score-4,
and showed that the scores of this questionnaire increased in
patients undergoing ACL reconstruction compared to those
undergoing rehabilitation [30].

The above studies may be an interesting reference in
relation to the current management of patients after ACL
injury. It is worth noting that early surgical intervention
will predispose to an improvement in the quality of life, but
it should also be remembered that not reconstruction alone,
but coupled with other physiotherapeutic treatment, will be
the main factor in reducing symptoms and improving the
quality of life after ACL reconstruction.

While analysing the data obtained for the presented study,
it is important to remember that the predisposing factor for
knee joint extension deficits is an ACL injury. Upright deficits
should be addressed in both reconstructed and conservatively
treated patients. In addition, Celik et al. conducted a study
on the use of a form of Pilates as a form of training/treatment
in patients who had not undergone ACL reconstruction [31].
The authors demonstrated that after 12 weeks of this type of
training, quadriceps strength, sense of stability of the knee
joint, and isokinetic test results were statistically significantly
increased [31]. It is important to add that various forms of
physiotherapy will have a positive effect on the functional
status of the knee joint after an ACL injury. Furthermore, it
is important to remember that to achieve a good functional
state of the knee joint, all dysfunctions of the knee joint
should be treated, especially the knee extension deficit shown
to occur after ACL injury in the current study.

Increased stiffness of the hamstring muscles could
potentially affect the oblique popliteal ligament (OPL) as
one of the arms of the semi-membranous muscle (which is
one of the hamstring muscles) is fused with OPL [32-35].
This connection can make OPL an important factor in
determining biomechanical disorders and shrinkage of the
soft tissues surrounding the popliteal fossa and, in turn, may
cause a deficit in knee extension.

A significant problem seems to be the differences in the
methodology of the research presented by different authors.
The range of extension was tested by plane radiographs
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made in the supine position of the patient, an inclinometer
used in the supine position [17], a goniometer used in the
sitting position [18], and a goniometer used in the prone
position of the patient [4]. Each of these differences may
play an important role because the parameters tested may
be inconsistent, resulting in incomparable results leading
to different conclusions. It seems necessary in this case
to introduce uniform standards for testing the deficit
in the extension of the knee joint, which will allow for
a more detailed examination of the described problem, and
contribute to the most effective rehabilitation of patients with
extension deficits after ACL damage.

The presented study proves that there is a statistically
significant difference in knee extension ROM between the
healthy lower limb and the lower limb with ACL damage. It
is necessary to implement a rehabilitation program to reduce
the deficit of knee extension. Reduction of the deficit of knee
extension may not lead to dysfunction of the patellofemoral
joint and any pain in the knee joint.

Limitations of the study. The study was conducted in a group
of 44 men with isolated ACL damage. In the future, it would
be worthwhile separating the groups into patients undergoing
physiotherapy after ACL injury, and those treated without
physiotherapy, to investigate the potential differences in knee
joint extension deficit between the groups. In addition, it
would be useful to separate the groups according to the daily
work performed, showing whether the type of daily activities
may have a significant effect on the knee joint extension
deficit. In the future it would be worth separating the groups
into patients undergoing physiotherapy after ACL injury and
those treated without physiotherapy, and examining the issue
of knee joint extension deficit in the groups. It would also be
worthwhile examining the groups performing different types
of daily activities and assess potential differences depending
on the type of daily work performed, in order to analyze
whether the type of work performed would have a significant
impact on the knee extension deficit. The inclusion of female
ACL-patients in the future extension of the studies would
potentially allow for the assessment of the influence of
increased elastin content in female connective tissues, on
the initial injury manifestation, and the efficacy of different
therapeutic approaches.

CONCLUSIONS

Based on the presented results and the results obtained by
other researchers, it seems that the treatment of patients after
ACL injury should focus on the normalization of the range
of motion in the knee joint. First of all, restoration of the
patient’s comfort of functioning and to minimize the risk
of dysfunction in the patellofemoral joint. It is important
to conduct both the active and passive tests of the knee
joint extension in patients with ACL injuries, due to their
functional differences, which may influence the everyday
life of the patient. The analyzed issue suggests the need for
further study on soft tissue injuries, and the functioning of
the knee joint without ACL reconstruction [36].
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