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Arthrofibrosis is a joint pathology during which exces-
sive collagen is produced resulting in movement limitation, 
inflammation and pain. It is caused by repeated injuries or 
surgical interventions, the latter of which can be the reason 
behind the irregular reaction of the immune system, exces-
sive development of fibrous connective tissue inside and/or 
around the joint and the significant decrease of the quality of 
life in patients [12]. To manage the aforementioned process-
es, certain drugs like glucocorticoids are often used which 
limits the formation of scar tissue, suppress the production of 
collagen and decrease the synthesis of inflammatory media-
tors and fibroblasts [2].

The first attempts at influencing steroid anti-inflammatory 
drugs’ ability to overcome the skin barrier using ultrasound 
waves were noted in the 1950s. However, despite the popularity 
of phonophoresis, there still are some unanswered questions in 
modern physiotherapy and rehabilitation regarding this matter 
which raises a certain amount of suspicion concerning the ef-
fectiveness of this method, including: 1. the parameters of ul-
trasound used in treatment; 2. the dosage and concentration of 
medication; 3. physiological processes that play the key role in 
achieving therapeutic effect during phonophoresis; 4. the scar-
city of relevant research concerning the indications and contra-
indications of the abovementioned treatment method that does 
not allow us to draw unambiguous assumptions with regards to 
the effectiveness of phonophoresis [8].

Multiple researches, on the subject of using steroidal anti-
inflammatory drugs (hydrocortisone and dexamethasone) in 
the cases of periarticular and muscular pathologies of osteo-
arthritis, have shown significant improvement with regards to 
decreasing pain and increasing range of motion. For instance, 
during one of these researches that involved the treatment of 
osteoarthritis, tendinitis or bursitis with hydrocortisone pho-
nophoresis, 68% of patients showed significant improvement 
with regards to decreasing pain and increasing active range 
of motion and 18% showed partial improvement (partial de-
crease in pain and increase in range of motion with notable 
limitations of movement still present). In addition, from the 
patients that were treated only with ultrasound therapy, mere-
ly 27% showed significant improvement of the same param-
eters while 16% displayed partial improvement [3].

The goal of our research was to study the effect of therapeutic 
exercise and hydrocortisone acetate (HA) phonophoresis com-
bination therapy on the management of the rehabilitation pro-
cess of knee joint functional limitations caused by arthrofibrosis 
and to establish the optimal parameters of ultrasound needed to 
achieve therapeutic effect. 

To achieve this goal, the following tasks were outlined:
1. Participants had to be selected for research from patients 

with clinical signs of arthrofibrosis after they had undergone a 
surgical intervention of the damaged joint or lengthy immobili-
zation due to an injury 3-4 months prior.

2. The assessment of patients had to be performed at the start 
of the research as well as 3 weeks after its conclusion using the 

Modified Cincinnati Rating System Questionnaire (MCSc) and 
by taking into account their Pain-free ROM (PF-ROM).

3. Patients were to be divided up randomly into 5 groups with 
each group going through an individual rehabilitation program.

4. Statistical analysis and assessment of the results.
Material and methods.25 male patients between the ages of 

18 and 50 (mean age 39±3.4 years) with moderate contracture 
of the knee and limitation of knee flexion, which varied between 
70° and 90° participated in the randomized controlled experi-
mental research [6]. In addition, modified Cincinnati question-
naire scale (MCSc) [4] was utilized, which consists of 44 ques-
tions divided into 8 sections that adds up to a maximum of 100 
points and the results of this assessment were distributed in the 
following way: ˂30 - Poor; 30-54 - Average; 55-79 - Good; ˃80 
– Excellent. Patients were divided randomly and equally into 1 
control and 4 experimental groups. The following 3-week reha-
bilitation programs were developed: I - the control group was 
assigned an individual home exercise program (HEP) 5 times a 
week; the experimental group II was assigned a treatment program 
which included the same exercise in addition to phonophoresis with 
10% hydrocortisone gel (mixed ultrasound gel), duration - 10 min-
utes, frequency - 1.0 MHz, duty cycle – 50% (Pulsed), 1.0 W/cm2 
high intensity ultrasound (HEP+PWHi); the experimental group 
III was assigned an almost identical program to the group II with 
the difference being 100% (Constant) duty cycle of the ultrasound 
(HEP+CWHi). As for groups IV and V – these groups were as-
signed the same home exercise programs alongside 10 minutes of 
low intensity 0.5 W/cm2, 1.0 MHz, 50% (HEP+PWLi) and 100% 
(HEP+CWLi) ultrasound accordingly with 10% hydrocortisone 
gel, 15 procedures total.(Table 1)

Functional assessment of the knee and the measurement of 
flexion using a questionnaire (MCSc) was performed twice, 
once at the initial stage of research and again in 3 weeks, after 
the conclusion of the rehabilitation program.

The resulting data was statistically analyzed at two stages us-
ing the Real Statistics Using Excel program: I - At the first stage, 
a repeated measures ANOVA was conducted with the differenc-
es between groups being assessed according to the F – criteria, 
where the calculated probability value or P was ˂0.05 in every 
measurement; II – During the second stage, a paired sample t-
test was conducted with the aim to reveal the groups where the 
differences resulting from the experiment were deemed signifi-
cant (p˂0.05).  

Every participant consented to the study in written form after 
being informed fully about the content and possible complica-
tions of the experiment.

Results and discussion. Table N1 showcases the changes in 
knee flexion (in degrees) according to groups before the research 
and after the completion of the rehabilitation program as well as 
the difference between the first and second tests in percentages. 
In comparison to the initial data, the improvement of ROM in 
the injured knee is equal to 50% in the II and III groups where 
hydrocortisone acetate (HA) phonophoresis with high intensity 
ultrasound was utilized in combination with the home exercise 
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Table 1. Rehabilitation programs according to different groups

n=25 HEP*
HiUS** LiUS***

PPWHi (50%) CWHi (100%) PWLi (50%) CWLi(100%)

I 5 +

II 5 + +

III 5 + +

IV 5 + +

V 5 + +
* Home exercise program;    ** High intensity ultrasound;  *** Low intensity ultrasound.

Table 2. Knee flexion (PF-K.Flex.) prior to the start of the research (Test 1) and after its completion (Test 2)

Group I Group II Group III Group IV Group V

Test 1 78.6±1.34 82.4±3.36 78.8±6.30 71.8±6.30 71.7±1.82

Test 2 88.8±2.77 124.6±7.63 119.6±6.87 91.2±1.3 99.0±2.92

df  % 12 51 52 28 29

Table 3. Assessment of knee functioning according to the modified Cincinnati rating system questionnaire (MCSc) 
before the start of the study (Test 1) and after completion (Test 2)

Group I Group II Group III Group IV Group V

Test 1 46.8±2.39 50.2±2.68 53.2±1.92 47.0±2.92 45.4±2.61

Test 2 53.8±3.56 77.6±0.89 76.0±3.46 50.8±1.92 52.2±1.48

df  % 15 54 43 6 15

Table 4. The results of the repeated measures ANOVA (RM-ANOVA)

Within Groups Between Groups

Parameters F PP F P

K.flex. 12.94 6.85E-09 15.47 1.88E-07

MCSc. 6.43 2.12E-05 19.09 1.65E-08
 

Table 5. The differences between groups according to the t-criteria
Groups P

I II 0.0040
I III 0.0007
I IV 0.1376
I V 0.0908
II III 0.6288
II IV 0.0045
II V 0.0020
III IV 0.0011
III V 0.0003
IV V 0.9059

program while in the IV and V groups, where HA phonophore-
sis was used with low intensity ultrasound, the improvement of 
flexion was around 28%. At the same time, the control group 
(group I) only achieved a 12% improvement in PF-ROM using 
solely a home exercise program. (Table 2)

After the completion of rehabilitation programs, according to 
the data provided by the Cincinnati modified scale, significant 
improvement of knee function was found in groups II and III, 

54% and 43% respectively in comparison to groups I (control 
group), IV and V (experimental groups) where the improvement 
didn’t exceed 15% (Table 3).

The dispersion analysis of data acquired through the experi-
ment has shown significant difference with regards to pain free 
flexion between groups (P=1.88E-07) as well as within the 
groups (P=6.85E-09) where the difference between the F-crite-
ria was less than 20%, moreover, the functioning of the injured 
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knee joint was improving reliably in both cases according to the 
Cincinnati scale (P˂0.05). However, the size of the F-criteria 
was almost 3 times larger (200%↑) between the groups than 
within the groups. (Table 4)

At the final stage of the statistical analysis, after repeated 
measurements, the comparison of groups according to the t-cri-
teria revealed significant differences (p˂0.05) only with regards 
to groups II and III, where hydrocortisone phonophoresis with 
high intensity ultrasound was included in the rehabilitation pro-
gram alongside with therapeutic exercise. In addition to this, it 
should be noted that the difference between the II and III groups 
was not significant (p=0.6288). (Table 5)

The graphical representation of the data acquired through the 
experiment clearly demonstrates a significant improvement with 
regards to both of the parameters (Functional assessment scale 
and flexion of the knee) in groups II and III, where phonophore-
sis with high intensity ultrasound combined with rehabilitation 
exercise program was utilized (Diagram 1). 

The analysis of these results has shown that the methods of 
rehabilitation were effective in all 5 groups. The comparison 
of data before and after the aforementioned interventions has 
demonstrated a significant increase (P˂0.05) in pain-free knee 
flexion and knee functional status (according to MCSc), how-
ever the improvement of knee ROM and its function was more 
apparent in experimental groups II and III, where alongside 
therapeutic exercise, hydrocortisone phonophoresis with high 
intensity ultrasound was used. Dispersion analysis of the data 
showed significant differences (P˂0.05) between groups accord-
ing to the F-statistical criteria. The difference is most noticeable 
when comparing the functional assessment scale of the knee of 
the groups, which must be associated with the decrease of pain 
and inflammation processes caused by the influence of ultra-
sound, the improvement of usual activities through exercise and 
therefore facilitation of the activities of daily life.

Diagram 1. Dynamics of the changes in the results following 
Test 1 and Test 2 

According to Terri Hoppenrath et al. 2006, it was suggested 
that the advantage of the effect of phonophoresis compared 
to ultrasound alone was not backed up by hard evidence [4], 
however in several new studies by Saime AY [1], Kaya K. [7], 
Toopchizadeh V. [11], have shown notable superiority of pho-
nophoresis with corticosteroids over ultrasound when used dur-
ing symptomatic osteoarthritis of temporomandibular and knee 
joints as well as myofascial pain. In recent studies, including our 
own research, the active substance (medication) for phonopho-
resis is mixed with the gel that is intended for ultrasound which 
in turn enables the chemical components of the gel to overcome 
the skin barrier in accordance to their properties (Ex: Propylene 
glycol, Carbopol 940, etc.)and increases their rate of penetra-

tion [9]. It has been suggested that transdermal penetration rate 
of medications (especially hydrophobic ones) is higher in the 
form of emulgel applications [12], however there’s insufficient 
practical experience and research on the effect of ultrasound in 
this case. 

The goal of the research above never was to determine and 
study the isolated effects of phonophoresis or ultrasound on ar-
throfibrosis. Since the inception of this study our aim was to 
assess the possibilities of positive impact of high concentration 
hydrocortisone gel phonophoresis in combination with thera-
peutic exercise with regards to hindering fibrous connective 
tissue formation inside or around the knee joint. The paired up 
comparison of groups at the final stage of statistical analysis 
of the results while taking into account each possible variant 
according to the t-criteria (paired t-test) has shown significant 
(P˂0.05) differences only within the pairs of groups where II and 
III experimental groups had participated, additionally, the difference 
between these 2 groups itself was not found significant (P=0.6288). 
We have to assume that high concentration hydrocortisone phono-
phoresis with high intensity ultrasound alongside therapeutic exer-
cises still had positive impact on decreasing the limitations of knee 
functioning caused by arthrofibrosis which, in our opinion, should 
be attributed to the ability of glucocorticoids to hinder the forma-
tion of scar, fibrous connective tissue within damaged soft tissues, to 
decrease pain and inflammation in cooperation with ultrasound and 
also to assist in improving the effect of therapeutic exercises with 
the aim to increase the elasticity of soft tissues as well as to extenu-
ate contractures.  

According to the results of the aforementioned study, the in-
tensity of ultrasound is a decisive factor while the waveform has 
no notable impact on the processes mentioned above when utilizing 
hydrocortisone phonophoresis. However, if we also take into con-
sideration the fact that this method of therapy is conducted using 
high intensity ultrasound, it would be better to make use of pulsed 
ultrasound waves to achieve the desired effect without the threat of 
skin damage or decreasing the time of exposure.

Conclusion. Our research has shown that using phonophore-
sis with high concentration hydrocortisone acetate that’s mixed 
with ultrasound gel alongside therapeutic exercise in the treat-
ment and rehabilitation of moderate post-traumatic or post-oper-
ative extension contracture of the knee caused by arthrofibrosis 
can be successful, which could enable us to achieve 40-50% of 
progress regarding knee flexion and functioning in 3 weeks in 
case 1.0 MHz, 1 W/cm2, 50% pulsed ultrasound is utilized dur-
ing 10 minutes, 5 times per week.
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SUMMARY

UTILIZATION OF HYDROCORTISONE ACETATE 
PHONOPHORESIS IN COMBINATION WITH THERA-
PEUTIC EXERCISE IN THE REHABILITATION MAN-
AGEMENT OF FUNCTIONAL LIMITATIONS CAUSED 
BY KNEE ARTHROFIBROSIS 
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Arthrofibrosis is a joint pathology during which excess colla-
gen is produced resulting in movement limitation, inflammation 
and pain. Itis caused by repeated injuries or surgical interven-
tions, which is frequently managed by using certain medications 
such as glucocorticosteroids.

The goal of our research was to study the effect of therapeutic 
exercise and hydrocortisone acetate (HA) phonophoresis com-
bination therapy on the management of the rehabilitation pro-
cess of knee joint functional limitations caused by arthrofibrosis 
and to establish the optimal parameters of ultrasound needed to 
achieve therapeutic effect.

25 male patients between the ages of 18 and 50 (mean age 
39±3.4 years) with moderate contracture of the knee and limi-
tation of knee flexion, which varied between 70° and 90° par-
ticipated in the randomized controlled experimental research. In 
addition, modified Cincinnati questionnaire scale (MCSc) was 

used. The following 3-week rehabilitation programs were de-
veloped: : I - the control group was assigned an individual home 
exercise program (HEP) 5 times a week; the experimental group 
II was assigned a treatment program which included the same 
exercise in addition to phonophoresis with 10% hydrocortisone 
gel (mixed ultrasound gel), duration - 10 minutes, frequency 
- 1.0 MHz, duty cycle – 50% (Pulsed), 1.0 W/cm2 high inten-
sity ultrasound (HEP+PWHi); the experimental group III was 
assigned an almost identical program to the group II with the 
difference being 100% (Constant) duty cycle of the ultrasound 
(HEP+CWHi). As for groups IV and V – these groups were as-
signed the same home exercise programs alongside 10 minutes 
of low intensity 0.5 W/cm2, 1.0MHz, 50% (HEP+PWLi) and 
100% (HEP+CWLi) ultrasound accordingly with 10% hydro-
cortisone gel, 15 procedures total.

The results of the study revealed that using phonophoresis 
with high concentration hydrocortisone acetate that’s mixed 
with ultrasound gel alongside therapeutic exercise in the treat-
ment and rehabilitation of moderate post-traumatic or post-oper-
ative extension contracture of the knee caused by arthrofibrosis 
can be successful, which could enable us to achieve 40-50% of 
progress regarding knee flexion and functioning in 3 weeks in 
case 1.0 Mhz, 1 W/cm2, 50% pulsed ultrasound is utilized during 
10 minutes, 5 times per week.

Keywords: arthrofibrosis; hydrocortisone acetate; phonopho-
resis; ultrasound; contracture.

РЕЗЮМЕ

ПРИМЕНЕНИЕ ФОНОФОРЕЗА С АЦЕТАТОМ ГИ-
ДРОКОРТИЗОНА В СОЧЕТАНИИ С ЛЕЧЕБНЫМИ 
УПРАЖНЕНИЯМИ В РЕАБИЛИТАЦИОННОМ ЛЕ-
ЧЕНИИ ФУНКЦИОНАЛЬНЫХ ОГРАНИЧЕНИЙ, 
ВЫЗВАННЫХ АРТРОФИБРОЗОМ КОЛЕННОГО 
СУСТАВА
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Артрофиброз является патологией суставов, во время ко-
торой образуется избыток коллагена, что приводит к огра-
ничению движения, воспалению и боли. Это состояние вы-
звано повторными травмами или хирургическими вмеша-
тельствами, при которых часто используются определенные 
лекарственные средства, такие как глюкокортикостероиды.

Целью исследования явилось определение влияния ком-
бинированной терапии с использованием лечебных упраж-
нений и фонофореза с ацетатом гидрокортизона на управ-
ление процессом реабилитации функциональных ограни-
чений коленного сустава, вызванных артрофиброзом, и 
установление оптимальных параметров ультразвука, необ-
ходимых для достижения терапевтического эффекта.

В рандомизированных контролируемых эксперименталь-
ных исследованиях участвовали 25 пациентов мужского 
пола в возрасте от 18 до 50 лет (средний возраст 39±3,4 лет) 
с умеренной контрактурой колена и ограничением сгибания 
в коленном суставе, которое колебалось от 70° до 90°. Ис-
пользовалась также модифицированная шкала анкет Цин-
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циннати (MCSc). Разработаны трех-недельные программы 
реабилитации: I - контрольной группе назначалась индиви-
дуальная программа домашних упражнений (HEP) 5 раз в 
неделю; II экспериментальной группе назначена програм-
ма лечения, которая включала вышеуказанные лечебные 
упражнения, в сочетании с фонофорезом с 10% гелем ги-
дрокортизона, смешанного с ультразвуковым гелем, продол-
жительность сеанса - 10 минут, частота - 1,0 МГц, рабочий 
цикл - 50% (импульсный), 1,0 Вт/см² ультразвук высокой 
интенсивности (HEP+PWHi); III экспериментальной группе 
назначена практически идентичная со второй группой про-
грамма, однако с добавлением 100% (постоянный) рабочего 
цикла ультразвука (HEP+CWHi). Что касается IV и V групп, 
этим группам назначены одни и теже домашние программы 
упражнений, в сочетании с процедурами ультразвука низ-
кой интенсивности - 0,5 Вт/см², с 10% гелем гидрокортизо-
на, 1.0 МГц, 50% (HEP+PWLi) и 100% (HEP+CWLi), соот-
ветственно, в течение 10 минут, всего 15 процедур.

Результаты исследования показали, что использование 
фонофореза с ацетатом гидрокортизона высокой концен-
трации, смешанного с ультразвуковым гелем, в сочетании 
с лечебными упражнениями, во время реабилитации уме-
ренной тяжести посттравматической или послеопераци-
онной контрактуры коленного сустава, вызванного артро-
фиброзом, может быть успешным и позволит достичь 40-
50% прогресса в отношении сгибания коленного сустава 
и улучшения его функции за 3 недели в случае приме-
нения 1,0 МГц, 1 Вт/см², 50% импульсного ультразвука 
в течение 10 минут, 5 раз в неделю.
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1,2v. axalkaci, 1,2m.maTiaSvili, 1,2l.masxulia, 
3g. obgaiZe, 3l.Cikvatia 

Tbilisis saxelmwifo samedicino universiteti, 
1fizikuri medicinis departamenti, ²sportuli 
medicinis da rebilitaciis klinikuri centri; 
³pirveli sauniversiteto klinika, Tbilisi, saqar-
Tvelo

arTrofibrozi warmoadgens saxsris paTolo-
gias, romlis drosac xdeba kolagenis moWarbe-
buli gamomuSaveba, ris Sedegadac viTardeba moZ-
raobis SezRudva, anTeba da tkivili, gamowveulia 

ganmeorebiTi travmebiT an qirurgiuli CareviT. 
aRniSnuli procesebis marTvaSi xSirad gamo-
iyeneba iseTi medikamentozuri saSualebebi, ro-
goric aris glukokortikosteroidebi.
kvlevis mizans warmoadgenda fizikuri varji-

Sisa da hidrokortizonis acetatiT (HA) fono-
forezis kombinirebuli moqmedebis Seswavla 
arTrofibroziT gamowveuli muxlis saxsris 
funqciuri SezRudvebis reabilitaciis procesSi 
da Terapiuli efeqtis misaRwevad gamoyenebuli 
ultrabgeris optimaluri parametrebis dadgena.
randomizirebul kontrolirebad eqsperimen-

tul kvlevaSi monawileobda 18-50 wlis 25 ma-
makaci saSualo asakiT 39±3.4 w. da muxlis saxs-
ris saSualo simZimis kontraqturiT, sadac Sez-
Ruduli iyo mxolod  moxra, romelic meryeob-
da 70°-dan˚90°-mde. muxlis funqciis Sefasebis 
mizniT damatebiT gamoyenebuli iyo cincinatis 
modificirebuli (MCSc) kiTxvaris skala. daigeg-
ma 3-kviriani Semdegi Sinaarsis sareabilitacio 
programebi: I  - sakontrolo jgufs kviraSi 
5-jer daeniSna damoukidebeli savarjiSo prog-
rama (HEP), II  sakvlev jgufs imave periodSi sa-
varjiSo programasTan erTad, kviraSi 5-jer 
10%-iani hidrokortizonis geliT (Ultrasound Gel) 
fonoforezis gamoyeneba 10 wT-is ganmavlobaSi, 
1.0 mhc sixSiris, 50%-iani, maRali intensivobis 
1.0 vt/sm2 ultrabgeriT (HEP+PWHi), III  sakvlev 
jgufs – varjiSebTan erTad identur pirobebSi 
Cautarda fonoforezi mxolod 100%-iani ultra-
bgeriT (HEP+CWHi). rac Seexeba IV da V sakvlevi 
jgufebis pacientebs, savarjiSo programasTan 
erTad, 10 wuTis ganmavlobaSi gamoyenebuli iyo 
dabali intensivobis 0.5 vt/sm2 simZlavris, 1.0 mhc, 
50%-iani (HEP+PWLi) da 100%-iani (HEP+CWLi), Sesa-
bamisad, ultrafonoforezi 10% hidrokortizo-
nis geliT, sul 15 procedura.
Kkvlevis SedegebiT gamovlinda,  rom mux-

lis posttravmuli an postoperaciuli arTro-
fibrozis mkurnalobasa da reabilitaciaSi 
warmatebiT SeiZleba gamoyenebuli iyos fono-
forezi, ultrabgeris gelTan Sereuli maRali 
koncentraciis hidrokortizonis acetatiT, sam-
kurnalo varjiSTan kombinaciaSi, romelic 3 
kviraSi uzrunvelyofs muxlis moxris kuTxis 
40-dan 50%-mde gaumjobesebas da dazianebuli 
saxsris funqcionirebas  im SemTxvevaSi, Tu Tera-
piisaTvis gamoyenebuli iqneba 1.0 mhc, 1 vt/sm2,  im-
pulsuri  50%-iani  ultrabgera 10 wT-is ganmav-
lobaSi kviraSi 5-jer.


