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The influence of isometric exercises of the quadriceps muscle
on young female patients with anterior knee pain
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Abstract

Introduction: Anterior knee pain is a disease associated with abnormalities in the patellofemoral joint. It is a common reason
for seeking advice from an orthopaedist. This problem is characterised by chronic pain in the anterior part of one or both
knees. This issue often affects women, especially at a young age. The effect of this ailment is deterioration of the quality of
life. This dysfunction significantly reduces abilities, and often prevents the performance of daily activities. Pain usually oc-
curs during physical activity, but may also be accompanied by prolonged immobilisation of the knee joint. In defining the
type of patellofemoral instability, orthopaedists use magnetic resonance imaging, arthroscopy, ultrasonography, and X-ray
examination. A relatively effective method of treatment of pain in the patellofemoral joint is through isometric exercises of
the quadriceps. They increase the strength of the quadriceps femoris muscle and reduce instability in the patellofemoral joint.
Aim of the research: To evaluate the effectiveness of isometric exercises of the quadriceps muscle on young female patients
with anterior knee pain.

Material and methods: The study involved 30 women aged 13—44 years (mean age: 26.8 years), who had been diagnosed
with pain in the front of the knee.

Results and conclusions: Isometric exercises of the quadriceps muscle are an effective method of reducing anterior knee
pain. Isometric exercises have a beneficial influence on improving physical activity, including performing basic activities of
daily living. Student’s t distribution showed, that isometric exercises of the quadriceps muscle reduce pain at the front of the
knee. Kruskal-Wallis test confirmed a significant reduction of anterior knee pain.

Streszczenie

Wprowadzenie: Bl w przednim przedziale stawu kolanowego jest zespolem objawéw powiazanych z nieprawidtowoscia-
mi w obrebie stawu rzepkowo-udowego. Stanowi czesta przyczyne zasiegania porad u lekarzy ortopedéw. Cecha charakte-
rystyczna tego problemu jest przewlekty bél w okolicy przedniego przedziatu jednego lub tez obu kolan. Problem ten dotyka
czesciej kobiet, zwlaszcza w wieku miodzieficzym. Skutkiem tej dolegliwo$ci jest pogorszenie jakoSci zycia. Dysfunkcja ta
znacznie ogranicza, a czesto wrecz nie pozwala na wykonywanie czynnosci dnia codziennego. BAl przewaznie wystepuje
przy uprawianiu aktywnosci fizycznej, jednak moze réwniez towarzyszy¢ dtuzszemu unieruchomieniu stawu kolanowego.
Przy okre$laniu typu niestabilnosci rzepkowo-udowej wykorzystuje sie¢ magnetyczny rezonans jadrowy, badanie artrosko-
powe, ultrasonograficzne oraz rentgenowskie. Stosunkowo skuteczng metoda leczenia bélu w przedniej czesci kolana sa ¢wi-
czenia izometryczne mie$nia czworoglowego uda. Pozwalaja one na wzmocnienie mie$nia czworoglowego i zmniejszenie
niestabilno$ci stawu rzepkowo-udowego.

Cel pracy: Ocena efektywnosci ¢wiczen izometrycznych mie$nia czworogtowego u miodych kobiet z zespotem bélowym
przedniego przedziatu stawu kolanowego.

Materiat i metody: W badaniu wzieto udziat 30 kobiet w wieku 13—-44 lat (Srednia wieku: 26,8 roku), u ktérych zdiagnozo-
wano dolegliwosci bélowe przedniego przedziatu stawu kolanowego.

Wyniki i wnioski: Cwiczenia izometryczne mie$nia czworogtowego uda sg efektywna metoda zmniejszania bélu przednie-
go przedziatu stawu kolanowego, korzystnie wptywaja na aktywnos¢ fizyczna, w tym wykonywanie podstawowych czyn-
nosci dnia codziennego. Test t-Studenta wykazat, ze ¢wiczenia izometryczne mie$nia czworogtowego uda zmniejszaja bol
w przednim przedziale stawu kolanowego. Test Kruskala-Wallisa potwierdzit istotne zmniejszenie dolegliwosci bélowych
przedniej strony kolana.
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Introduction

The largest joint of the human body, the knee
joint, is particularly exposed to diseases, which makes
activities of daily living harder. One of these ailments
is anterior knee pain. This illness affects 25% of the
population [1]. According to other studies, in the age
between 14 and 20 years, pain in the patellofemoral
joint appears in 36% of people. It is one of the most
common problems for runners, and it accounts for be-
tween 16% and 25% of all running injuries [2, 3]. In
the case of people who have a sedentary lifestyle, the
figure is 11% [2]. From all patients with anterior knee
pain, 90% are treated by conservative treatment. The
remaining 10% of the patients need surgical treat-
ment [4].

The aetiology of this disease is not fully under-
stood [5]. One theory describes the lack of synchro-
nisation and weakness of the quadriceps muscle,
which leads to instability in the patellofemoral joint.
As a result, there is a pain that occurs at the front of
the knee [6-8]. Other theories of anterior knee pain
occurring are: mechanical injury experience, disor-
ders in the trajectory of the patella, and changes in
lateral retinaculum nerve endings. There is a connec-
tion between pain in the front side of the knee and
osteoarthritis [9].

Patients often have problems with pinpointing
the location of pain. Women are more often exposed
to this disease [10-12]. One of the hypotheses says
about the influence of oestrogen levels in the wom-
en’s body. Oestrogens, also called the female hor-
mones, participate in the regulation of calcium. They
stimulate the storage of calcium in the bones, and ac-
celerate the growth of bones and cartilage. The level
of these hormones varies depending on the phase of
menstrual cycle, and it is highest during ovulation.
Therefore, the cyclic hormonal changes that occur
during menstruation are possible only in sexually
mature women.

The primary task of anterior knee pain treatment
is the reduction or elimination of pain. We achieve
this by conservative treatment, and when it is inef-
fective, through surgery. Conservative treatment
consists of pharmacotherapy, based on nonsteroi-
dal anti-inflammatory drugs, and physiotherapy.
Physical therapy includes kinesiology and isometric
quadriceps exercises. Isometric exercises play a key
role [13]. In some difficult cases, when conservative
treatment fails, surgical cure is implemented. Surgical
treatments, which are used in the reduction of ante-
rior knee pain, include: arthroscopy and knee joint
replacement, reconstruction of the anterior cruciate
ligament, meniscus or cruciform ligaments surgical
repair, and hamstring graft [14]. In order to isolate
the group at risk of anterior knee pain, preoperative
magnetic resoanance imaging (MRI) scan of the patel-
lofemoral joint geometry is evaluated [15].
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Aim of the research

The influence of isometric exercises of the quad-
riceps muscle on young female patients with anterior
knee pain.

Material and methods

The studies involved 30 women aged 13-44 years
(mean age: 26.8 years), who had been diagnosed with
pain in the front of the knee. Moreover, the nature
of work they do and whether patients take medicines
that reduce pain in the knee was analysed. It was also
checked if the pain is a result of trauma, and what
kind of trauma it is. The survey was carried out on two
dates: 11.06.2010 and 12.07.2010 at the Department of
Orthopaedics and Traumatology in the University
Clinical Hospital No. 2 in Lodz. Kinesiology testing
was based on the use of isometric exercise — a type of
strength training in which the joint angle and muscle
length do not change during contraction. The influ-
ence of this exercise to reduce pain while performing
household activities was also analysed. Additionally,
the intensification of pain during quadriceps muscle
tension was tested.

Analysis took place according to the following
scheme: the patient was on a hospital couch in a supine
position. Then she performed exercises raising the
painful lower limb, straight, to a height of 10-15 cm.
Next, the patient was asked to keep the lower limb in
this position for 5 s. After this time, the lower limb
was returned to the starting position. This exercise
was repeated 10 times. The time of rest between each
movement was 15 s. The test was carried out every
day, by ambulatory care, for 5 days a week, between
11.06.2010 and 12.07.2010. Visual Analogue Scale
(VAS) was used in the study; it is helpful to determine
the intensity of pain.

Statistical analysis

Statistical analysis was performed using Student’s
t-distribution and non-parametric Kruskal-Wallis
test.

Results

The test was carried out on a group of 30 women,
whose age was as follows: three women (10% of all re-
spondents) were under 18 years old. Four (13.33%) fe-
males were in the age range 18 to 25 years. Ten (3.33%)
patients were between the ages of 25 and 35 years.
The remaining 13 (43.33%) women were more than
35 years old (Figure 1). Twelve (40%) patients per-
formed an intellectual work, and 7 (23.33%) — manual
labour. Sixteen (53.33%) women were taking drugs to
reduce the painin the front of the knee. The remaining
14 (46.67%) females had never taken medications to
treat the pain. Ache associated with trauma occured
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Table 1. Assessment of pain according to VAS scale

Pain intensity Level of pain before Level of pain after
scale rehabilitation X rehabilitation Y
0 0 0
1 0 0
2 0 1
3 0 2
4 2 5
5 5 7
6 11 10
7 5 1
8 3 4
9 4 0
10 0 0

Student’s t-distribution: t = 11.2174, df = 29, p-value = 2.289%e-12;
Kruskal-Wallis: y? = 25.4853, df = 6, p-value = 0.0002776.

in 16 (53.33%) patients, and in 14 (46.67%) people
there was no relationship between the injury and the
appearance of pain. In 5 (31.25%) women pain was
a result of twisting, and in 7 (43.75%) patients it ap-
peared as a consequence of fracture. The other 4 (25%)
persons paid attention to another type of injury. The
average values of intensity of pain, before and after
exercises, according to a VAS scale, were 6.47 and 5.4,
respectively. A one-tiled test was carried out to ascer-
tain the average value for a pairing attempt of the null
hypothesis — u, , = 0, in terms of alternative hypoth-
esis u, , < 0. In the case of Student’s t-distribution at
a significance level 0.05, the p-value was 2.29 x 10712
Therefore, the null hypothesis was rejected in favour
of an alternative hypothesis, which says that the av-
erage value of the sensation of pain in patients after
treatment is less than before. To confirm the results,
a non-parametric Kruskal-Wallis test was also car-
ried out. For the Kruskal-Wallis test, the p-value was
2.78 x 1074, which confirms the result of Student’s
t-distribution. Before treatment, 16 (53.33%) women
had problems with household activities. After the
treatment, the number of females complaining of
pain decreased to 14 (46.67%). Before treatment, 25
(83.33%) patients felt pain during a quadriceps mus-
cle tension. Eleven (36.67%) women felt pain after the
treatment.

Discussion

The main objectives of isometric exercises are the
prevention of muscular atrophy, increasing muscle
mass and strength, and the preservation of their ac-
tivities within the immobilised body sections. They
are used for various kinds of immobilisations, as well
as in muscle atrophy and in cases where the move-
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Figure 1. Age of the patients under study

ment in the joint is not recommended. They can be
performed under any conditions. Other advantages
resulting from the application of this treatment are the
ability to precisely determine the angular position that
triggers the maximum tension, and also the influence
on the selection of muscle use of a suitable tension on
the muscle. In addition, using these exercises increases
muscle strength relatively quickly. An undoubted ad-
vantage is also the shorter time of the exercises dur-
ing training conducted by this method. There were no
contraindications to use this kind of treatment. Very
often the anterior knee pain was revealed in patients
aged between 25 and 35 years, and also above 35 years.
This is confirmed by the same theory, which means
that the pain in the patella femoral joint is detected
mostly in young females [8, 10]. Pain in the front of the
knee was most common in women who performed in-
tellectual work, which is confirmed by the research of
Dixit et al [2]. Patients applied mainly pharmacologi-
cal treatment based on non-steroidal anti-inflamma-
tory drugs. Pain associated with trauma appeared in
16 (53.33%) women. In 5 women the pain was a result
of twisting, and in seven patients it appeared as a result
of the fracture. The other four females showed a dif-
ferent type of injury. Before using isometric exercises
16 people had problems with the activities of daily liv-
ing. After treatment the number of women with such
problems dropped to 14. Also, during the quadriceps
muscle tension, the number of women complaining of
pain decreased. This is compatible with the research
carried out by Garrison et al., who showed a primary
role of isometric exercises in anterior knee pain treat-
ment [13]. The studies showed that pain intensity be-
fore treatment was 6.47 in a VAS scale. After treatment
the number decreased to 5.4. Studies showed that the
statistical average increased after the test.

Conclusions

Isometric exercises of the quadriceps muscle are an
effective method in reducing anterior knee pain. Iso-
metric exercises have a beneficial influence on improv-
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ing physical activity, including performing basic activi-
ties of daily living. Student’s t-distribution showed that
isometric exercises of the quadriceps muscle reduce
pain at the front of the knee. Kruskal-Wallis test con-
firmed a significant reduction of anterior knee pain.

Conflict of interest

The authors declare no conflict of interest.

References

1. Piatkowski M. Zespdét bolowy przedniego przedziatu
stawu kolanowego - fizjoterapia w zespole bocznego
przyparcia stawu rzepkowo-udowego. Fundacja Rozwoju
Medycyny Sportowej w Warszawie. Seminarium Nauko-
wo-Szkoleniowe, Lodz 2004.

2. Dixit S, Difiori J. Management of patellofemoral pain syn-
drome. Am Fam Physician 2007; 75: 194-202.

3. M Tscholl P, P Koch P, F Fucentese S. Treatment options
for patellofemoral instability in sports traumatology. Or-
thop Rev 2013; 5; e23.

4. Dolata T. Rola uwolnienia bocznego w patologii stawu
rzepkowo-udowego. Artroskopia i Chirurgia Stawéw
2006; 2: 5-12.

5. Liporaci RE, Saad MC, Felicio LR, et al. Contribution of the
evaluation of the clinical signals in patients with patello-
femoral pain syndrome. Acta Ortopedica Brasileira 2013;
21:198-201.

6. Halabchi F, Mazaheri R, Seif-Barghi T. Patellofemoral pain
syndrome and modifiable intrinsic risk factors. Asian
J Sports Med 2013; 4: 85-100.

7. Hart ], Pietrosimone B, Hertel ], Ingersoll CD. Quadriceps
activation following knee injuries. J Athl Training 2010;
45: 87-97.

8. Boling MC, Padua D, Marshall SW, et al. A prospective
investigation of biomechanical risk factors for patellofe-
moral pain syndrome: the Joint Undertaking to Monitor
and Prevent ACL Injury (JUMP-ACL) cohort. Am ] Sports
Med 2009; 37: 2108-16.

9. Thomas M, Wood L, Selfe ], Peat G. Anterior knee pain in
younger adults as a precursor to subsequent patellofemo-
ral osteoarthritis: a systematic review. BMC Musculoske-
letal Disorders 2010; 11: 201.

10. Roush J, Curtis Bay R. Prevalence of anterior knee pain
in 18-35 year old females. Int J Sports Phys Ther 2012; 7:
396-401.

11. Myer G, Ford K, Barber Foss KD, et al. The incidence and
potential pathomechanics of patellofemoral pain in fe-
male athletes. Clin Biomech 2010; 25: 700-7.

12. Ford KR, Myer G, Hewett TE. Longitudinal effects of ma-
turation on lower extremity joint stiffness in female and
male athletes. Am J Sports Med 2010; 38: 1829-37.

13. Garrison ], Bothwell J, Cohen K, et al. Effects of hip
strengthening on early outcomes following anterior
cruciate ligament reconstruction. Int J Sports Phys Ther
2014; 9: 157-67.

14. Revente-Vinaixa M, Minguell ], Joshi N, et al. Revision
anterior cruciate ligament reconstruction using tibial or
hamstring tendon allografts. ] Orthop Surg 2014; 22: 60-4.

15. Osowska K, Fabi$ J, Fabis A, et al. The evaluation of the
influence of selected patellofemoral joint geometry indi-
cators observed in magnetic resonance imaging on the

Jacek Wilczynski, Przemystaw Karolak, Joanna Karolak

incidence of anterior knee pain in patients after anterior
cruciate ligament reconstruction using hamstrings. Pol
Orthop Traumatol 2013; 78: 247-50.

Address for correspondence:

Prof. JKU Jacek Wilczynski MD, PhD

Department of Neurology, Neurological Rehabilitation
and Kinesitherapy

Institute of Physiotherapy

Faculty of Medicine and Health Science

Jan Kochanowski University

ul. Zeromskiego 5, 25-369 Kielce, Poland

Phone: +48 603 703 926

E-mail: jwilczynski@onet.pl

Medical Studies/Studia Medyczne 2015; 31/3



