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SUMMARY - The ultimate goal of successful rehabilitation of the knee joint is to achieve normal move-
ment of the knee joint and to re-establish active muscle control in the shortest time possible. The knee
joint movement during rehabilitation can be objectively measured by using a goniometer. The recovery of
femoral muscles after a knee joint injury can be accurately and precisely monitored by ultrasonic measure-
ment of the muscular volume. The aim of this longitudinal study was to standardize and evaluate the
method of ultrasonographic measurement of muscular volume itself, and practical applicability of the meth-
od, in order to reach a general conclusion on the femoral muscle rehabilitation. The measurements were
performed at equal intervals in 30 subjects with a history of knee joint injury, and in 30 asymptomatic
subjects as a control group. The results showed that the ultrasound method could precisely and accurately
monitor the process of muscular atrophy that develops during immobilization, as well as the course of
muscular restitution during physical therapy. Full recovery of the rectus femoris muscle was achieved in
more than a half of the patients, i.e. 54.4 per cent of women and 53.8 per cent of men. Vastus intermedius
muscle responded less readily to physical therapy. Full recovery was achieved in 22.2 per cent of female and
28.6 per cent of male patients. Within the same intervals, no muscular mass changes were recorded in the
control group. Prior to implementation, it is necessary to precisely determine the reproducibility of the
method and measurement errors. The ultrasound method has good reproducibility because the error does
not exceed 2 per cent of the measurement value. However, practical application of ultrasonic measurement
is not simple, because it requires experience and procedure standardization.
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Introduction

The knee is the most complex human joint, and its
functional stability is secured by the mutual functioning
of joint parts, ligaments, joint capsule, menisci and numer-
ous surrounding muscles'. In the recent time, the num-
ber of knee joint injuries has increased in traffic and in
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sports activities. The largest number of injured persons are
young and middle aged people who are employable, so it
is very important to begin the rehabilitation as soon as
possible after the injury in order to achieve the quickest
and best possible recovery. Every injury of the knee joint
results in the development of hypotrophy of the upper leg
muscles, which can amount to up to 1 cmper day. Success-
ful rehabilitation of the knee joint means to achieve full
mobility of the joint, and to establish normal tonus of the
upper leg muscles®®. Joint mobility during rehabilitation
can be measured objectively by goniometer, while the re-
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covery of the muscles, until recently, was monitored by
measuring the extent of the upper leg muscles with a cen-
timeter tape. That method is indirect, because measure-
ments cover all parts of the upper leg (bone, fat tissue and
skin thickness)*3. Ultrasound, computed tomography or
magnetic resonance can be used for precise and accurate
measurement of the surface of the femoral muscle volume
during rehabilitation.

Ultrasound measurement has no ionizing radiation, it
is inexpensive and widely used. There is a good space res-
olution during the measurement, real time is recorded and
the possibility of three dimensional evaluation exists. The
test can be repeated with no harm for the injured person.
The disadvantage of this type of presentation of the test-
ed muscle is the partial insight in the injured lim!§~.

Unlike ultrasonic measurement, computed tomogra-
phy has good spatial and contrast resolution, and presen-
tation of the whole limb is obtained. Detailed analysis is
possible and the procedure can be taken during the gyp-
sum cast immobilization. Computed tomography has a
high radiation, the real time cannot be recorded, and arti-
facts are derived if the osteosynthetic material is present
in the knee joint. The examination is expensive and it is
not appropriate for longitudinal monitoring of muscular
alterations and for determining the dynamics of such al-
terations® .

During the magnetic resonance examination, there is
no ionizing radiation, optimal contrast resolution is
achieved, examination in several planes and through the
gypsum cast is possible. However, the test is expensive and
contraindicated in patients with pacemakers and ferromag-
netic extraneous substances (foreign bodies)*>.

Subjects and Methods

"The investigation was based on longitudinal examina-
tion of the muscular mass by ultrasound echosonography
in adults who had sustained knee joint injury, during their
medical treatment and rehabilitation.

The investigation included 30 subjects with knee joint
injuries, aged 15 to 50 years, 9 females and 21 males, while
the control group consisted of 30 asymptomatic subjects
of the same age. In each subject, the knee injury was ver-
ified radiographically, echosonographically and clinically,
within less than 48 hours from the injury. The evaluating
parameters were age, sex, body weight, body height, oc-
cupation, injury diagnosis, date of measurement, length of
the healthy and injured upper leg, volume of the upper leg,
and ultrasound measurement of the volume of the mus-
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culus vastus intermedius and musculus rectus femoris of
the injured and healthy leg, measured in the middle of the
upper leg -5 cm proximally and distally from the middle
(center).

Instruments and procedure

All measurements were performed on an Kranzbiichler
ultrasound machine (Medizinische Systeme GmbH, Ger-
many) using a linear probe of 7.5 MHz frequency. During
the measurements, the subjects were in prone position
with their legs stretched, muscles relaxed, and feet in
neutral position. First, the length of both legs was mea-
sured from the large trochanter to the lateral condyle of
the shinbone (tibia) by using a centimeter tape. Then the
middle of the upper leg, and points at 5 cm proximally and
5 cm distally from the middle were determined. The vol-
ume of both upper legs was measured at the determined
points. Furthermore, the longitudinal and transverse ultra-
sound measurements of the musculus vastus intermedi-
us and musculus rectus femoris were performed. All mea-
surements were done three times: within 48 hours from
the injury, upon immobilization removal, and after reha-
bilitation. From the known data on the linear probe length
and width as well as on the length of the middle part of
the femoral muscle and average value of the measured
muscles, the volume of each measured muscle was calcu-
lated.

Results

The SPS (SPSS-7.5 for Windows, SPSS nc., Chicago,
USA) software was used for statistical data processing.
General data of the study subjects were expressed as mean
and standard deviation, while median with measurement
range was used to express the muscle volume measure-
ments. The measurements were mutually compared by
the even and odd t-tests.

There was no statistically significant difference be-
tween the patient and control group according to the ba-
sic parameters (age, sex, weight and height), (p>0.001)
(Figs. 1-3).

"The results obtained showed no statistically significant
difference in the sex distribution of the left and right leg
injuries (Figs. 4-6).

Results of the measurement of musculus rectus fem-
oris and musculus vastus intermedius volumes obtained
within 48 hours from the injury showed no differences
between the healthy and injured leg in either the patient
or control group, so the volume was considered normal.
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Figs. 1-3. General data on control group subjects (n=230)
according to sex

There was a significant difference between the first and
second measurement in the reduction of muscular mass,
and between the second and third measurement in the rate
of muscular mass increment. During the period of inactiv-
ity and immobilization, hypertrophy of the injured upper
leg muscle occurred. There was a statistically significant

Acta Clin Croat, Vol. 42, No. 1, 2003

40+ :
35+
30+
25+
20+
15
10+
5_

Men Women

Age (yrs) 26.5 347 Fig.la.

90+
851
801
751 B
701 I
651 I
601 B
551
50

Women
34.771.9

Men

Age (yrs) 77.3 Fig.2a.

190+
180+
170+
160+
150+
140+
130+
120+
110+
100

Men Women

1781 167.9 Fig.3a.

Age (yrs)

Figs. 1a-3a. General data on patient group (n=30) according
10 sex

difference between the first and second measurement in
the values of muscle mass reduction, and between the
second and third measurement in the volume related to
muscle mass increase. In the healthy leg, a reduction of
muscular volume occurred during the period of inactivity,
whereas after physical therapy an increase in the muscu-
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Fig. 4. Lateralization of injured leg muscle (n=13) according to
sex (left leg)
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Fig. 5. Lateralization of injured leg muscle (n=17) according to
sex (right leg)

lar volume was recorded, however, it was much less pro-
nounced than in the injured leg. In the control group there
were no differences in the values of muscular volumes
among the three measurements (Figs. 7 and 8).

Discussion and Conclusion

Due to inactivity and immobilization that are neces-
sary after a knee joint injury for the scarred tissue repair
and faster muscular fiber restructuring, elasticity of the
periarticular structures is reduced, which results in restric-
tion of the joint circular movement and may lead to the
development of connective tissue fibrosis®. During immo-
bilization, the lack of muscular contraction results in hy-
potonia and hypotrophy of the injured leg muscles. Hypo-
trophy, due to inactivity, affects all muscles, it begins quick-
ly, and may show a rate of up to 1 cmper day. Therefore,
rehabilitation of the injured knee joint should begin dur-
ing immobilization!'”!8, Successful rehabilitation of the
knee joint means achievement of full joint circular move-
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Fig. 6. Lateralization of injured leg muscle (n=30) according to
sex (left + right leg)

ment and regaining normal tonus and trophicity of the
upper leg musculature, which is important for the func-
tional stability of the joint'*?, Until recently, rehabilitation
of the upper leg muscles was monitored by measuring the
volume of the upper leg muscles with a centimeter tape.
"This method is indirect because it includes all parts of the
upper leg. The accurate and precise measurement of the
surface and volume of the upper leg muscles during reha-
bilitation can be performed echosonographically, by com-
puted tomography or magnetic resonancé®?. To our
knowledge, only one scientific work has been published
in the international literature, the one from the Liverpool
University, where the muscle volume of the quadriceps
femoris was measured by magnetic resonance and at the
same time by statistical B mode ultrasound?. "Ten healthy
volunteers with no history of upper leg injury or neuromus-
cular disorder participated in the study. The investigation
was performed on the left upper leg, and all ultrasonic
measurements were done prior to the magnetic resonance
measurements. The measurement was done by a techni-
care EDP 1200 cell B-mode scanner and 5-MHz probe.
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Photographs were obtained on a
Sony videoprinter. The magnetic res-
onance measurement was performed
using the Sigma system of the whole
body measurement. All volunteers
were in supine position with the leg
completely stretched out in neutral
position during the test. The cross-
section area of the quadriceps mus-
cle was measured at the point where
the proximal and distal third of the
upper leg meet. In order to calculate
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cent, seven axial cross-sections of the
upper leg were made, with a 5-cm
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distance between the cross-sections.
Bland and Altman found the differ-

injured person

OHealthy leg muscle of the

ence between the mean values of es-

timated cross-sectional area of the muscle obtained by
ultrasound to be 0.49 cn?, while the volume difference
using magnetic resonance was 36.85 cnt’. The differenc-
es obtained by these two methods are not considered rel-
evant in clinical practice, since there is no statistically sig-
nificant difference between the values of cross-sectional
areas and the volume measured by ultrasound and mag-
netic resonance. This fact proves that the ultrasound
method, unlike other methods, is more appropriate for
research in this are2*%.

In our study, we wanted to apply a new method of test-
ing changes in the upper leg muscular volume which we
simplified as much as possible in order to make it applica-
ble in the clinical routine. Reproducibility of the method
is determined by repeated measurements in healthy sub-
jects in short, one-day periods, as no change in the muscle
volume is expected to occur in this time. The error of the
method has been estimated from measurement differenc-
es and coefficient of variability of these measurements.
Our research was conducted longitudinally, at different
time periods and at different intervals, in order to deter-
mine the dynamics of muscular mass atrophy during im-
mobilization and the restitution of muscular volume after
rehabilitation. We believe that the dynamics of alterations
in the muscle status is not linear concerning the negative
quotient of volume alteration within a time unit (atrophy)
and positive quotient (restitution of muscle volume).

Ultrasound monitoring of the muscle volume alteration
during rehabilitation is simple and acceptable in daily prac-
tice, and it enables accurate and precise monitoring of the
response of every muscle, especially during the use of phys-
ical therapy in the course of rehabilitation.
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Fig. 8 Measurement results of m. vastus intermedius
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Sazetak

ULTRAZVUCNO PRACENJE USPJESNOSTI REHABILIT ACIJE MISICA NATKOLJENICE NAKON OZLJEDE
KOLJENSKOG ZGLOBA

M. Uremovié, R Budic, M. BoSnjak-Risic, V. Vargek-Solter; B. Bosnjak, D. Solter i V Demarin

Krajnji cilj uspjesne rehabilitacije nakon ozljede koljena je postizanje normalnog opsega pokreta zgloba i uspostavljanje aktivne
misiéne kontrole u $to kra¢em razdoblju. Mjerenje opsega pokreta zgloba moZe se u tijek  u rehabilitacije provoditi objektivno
pomocu goniometra. 1" o¢no i precizno pracenje oporavka natkoljeni¢nih misiéa nakon ozljede zgloba koljena mogucée je metodom
ultrazvuénog mjerenja volumena misiéa. Cilj ove longitudinalne studije bio je standardizirati i vrednovati metodu ultrazvu¢nog
mjerenja volumena misica i prikladnost primjene ove metode u praksi radi objektivizacije rehabilitacije Cetveroglavog misica
natkoljenice. Mjerenje je bilo provedeno u istim vremenskim razmacima u 30 ispitanika koji su u anamnezi imali ozljedu zgloba
koljena te u 30 asimptomatskih ispitanika koji su €inili kontrolnu sk upinu. R ezultati su pokazali da se ehosonografijom moze
to¢no i precizno pratiti tijek promjene volumena misica pri procesu atrofije koja nastaje za vrijeme imobilizacije i tijek restitucije
misiéa za vrijeme provodenja fizikalne terapije. P rije primjene treba to¢no odrediti ponovljivost metode i pogresk e mjerenja.
Ultrazvuéna metoda ima dobru ponovljivost, jer pogreska ne prelazi 2% vrijednosti mjerenja.

Klju¢ne rijeci: Misici, dijagnostite; Misici, ultrasonografija; Bne i ozljede, dijagnostite; Koljeno, fiziologija
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