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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
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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/cm?
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/cm?, 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

HiUS** LiUS***
n=25 HEP*
PPWHi (50%) CWHi (100%) PWLi (50%) CWLi(100%)
1 5 +
11 5 + +
111 5 + +
v 5 + +
A% 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 1 Group II Group II1 Group 1V Group V
Test 1 78.6+1.34 82.443.36 78.846.30 71.846.30 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 1 Group 11 Group 11T 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 1I 0.0040
I 111 0.0007
I v 0.1376
1 \% 0.0908
11 11 0.6288
II v 0.0045
11 \% 0.0020
111 v 0.0011
111 \Y 0.0003
v \Y 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,
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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%71) 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 I1I, 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.
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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-
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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/cm?, 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

12AKhalkatsi V., "*Matiashvili M., ?’Maskhulia L.,
30bgaidze G., *Chikvatia L.

Thilisi State Medical University, 'Physical Medicine Depart-
ment; *Clinical Center of Sports Medicine and Rehabilitation;
3First University Clinic, Thilisi, Georgia

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
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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
IT 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/cm? 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+CWHIi). 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/cm?, 1.0MHz, 50% (HEP+PWLi) and
100% (HEP+CWLIi) 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/em?, 50% pulsed ultrasound is utilized during
10 minutes, 5 times per week.

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

PE3IOME

INPUMEHEHHUE ®OHO®OPE3A C AHETATOM I'H-
JPOKOPTU30HA B COYETAHHUU C JIEYEBHBIMU
YIIPA’)KHEHUSIMU B PEABUJIMTATUOHHOM JIE-
YEHUH ®YHKIUOHAJBHBIX OIrPAHUYEHWIA,
BBI3BBAHHBIX APTPO®UBPO30M KOJEHHOI'O
CYCTABA

L2ZAxankamu B.XO., “Marnamsuim M.K.,
L2Macxyaus JI.M., *0O6raunze I.O., 3UuxBarust JI.B.

Tounucckuii 20cyO0apcmeeHnblil. MeOUYUHCKULL YHUSepcumen,
Tenapmamenm ¢puzuuecxoui meouyunsl, *Kiunuueckuti yenmp
cnopmugHol Meouyunsvl u peabunumayuu, *llepsas ynusepcu-
memckas kaunuka, Tounucu, I pysus

ApTpodubpo3 sBISETCS MATOIOTHEH CyCTaBOB, BO BpeMs KO-
TOpOH 0Opa3yercss U30BITOK KOJIIareHa, YTO NPUBOAUT K Orpa-
HUYCHUIO JABMKEHUS, BOCIIAJICHUIO U 0OJIH. DTO COCTOSIHUE BbI-
3BaHO IMOBTOPHBIMU TpaBMaMH HIIA XI/IpprPl'-[eCKI/IMl/I BMeEIIa-
TEJILCTBAMH, ITPU KOTOPBIX YaCTO HUCIOJIB3YIOTCS OIIPE/Ie/ICHHbBIC
JIEKapCTBEHHBIE CPE/ICTBA, TAKNE KAK ITFOKOKOPTHKOCTEPOUIBL.

Lenbo uccrenoBaHus SIBUJIOCH ONPEICICHHE BIUSHHUS KOM-
OMHHMPOBAHHOM TEpPAIUK C UCIIOIb30BAHUEM JICYSOHBIX YIIPaXkK-
HeHud 1 (oHOodOpesa ¢ aneTaToM TUAPOKOPTH30HA HA YIpaB-
JICHUE MPOLECCOM peaduiauTanud (QYHKIHOHAJIBHBIX OTpaHH-
YeHUH KOJEHHOTO CyCTaBa, BBI3BAHHBIX apTpoduOposom, u
YCTaHOBJICHHE ONTHMAJbHBIX MapaMeTPOB YIbTPa3BykKa, HE0O-
XOJMMBIX JUTS TIOCTHKEHUSI TeparneBTHYecKoro addexra.

B PaHAOMU3UPOBAHHBIX KOHTpOHI/IpyeMbIX OKCIIEPUMEHTAJIb-
HBIX HCCJICAOBAHUAX Yy4YaCTBOBaJIN 25 ManueHTOB My)KCKOl"O
nosa B Bo3pacte ot 18 o 50 ner (cpennuii Bozpact 39+3,4 ner)
C yMEPEHHOIT KOHTPAKTYpOil KOJICHA U OTPaHUYCHHUEM CTHOaHUs
B KOJICHHOM CyCTaBe, KoTopoe Kosebanaocs ot 70° mo 90°. Uc-
T0JIb30BAJIACH TaK)Ke MOAM(HUIMPOBAHHAs IKana aHkeT [{nH-
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nuHHatu (MCSc). Pa3zpaboTanbl Tpex-Hele/lbHbIE POrpaMMbI
peaOminTanuu: | - KOHTPOJIBHOH I'pyIIIe Ha3HAYalaCh UHIUBU-
JlyanbHas mporpamMma gomMaiuHux ynpaxsenuid (HEP) 5 pa3 B
Henemo; Il skcnepuMeHTanbHOM TpyIlne HazHa4deHa Mporpam-
Ma JICUCHHUs, KOTOpas BKJIIOYaJla BbILICYKA3aHHBIC JIe4eOHbIC
ynpakHeHusl, B couetanud ¢ ¢poHodpopezom ¢ 10% reiem ru-
JIPOKOPTH30HA, CMELLIAHHOTO C YJIBTPa3BYKOBBIM I'eJIeM, IPO0JI-
KHUTEIBHOCTH ceanca - 10 MuHyT, yactora - 1,0 MI', pabouwnii
uki - 50% (ummyiascuslit), 1,0 Br/cM? ynbrpa3Byk BBICOKON
unrencusHocT (HEP+PWHi); 111 sxcniepumMenTanbHoOM rpymme
Ha3HauYeHa NMPaKTU4ECKU WACHTUYHAS CO BTOPOH rpynmoii mnpo-
rpamMa, ofHako ¢ gobdasieHreM 100% (TOCTOsIHHBIN) pabouero
mukia yasrpassyka (HEP+CWHI). Uro kacaercs IV u V rpym,
9TUM T'pyniamM Ha3Ha4Y€HbI OAHU 1 TEKE JOMAIIHUE IIPOrPAMMBbI
YIPaKHEHUH, B COYETAaHUM C MPOLEAYpaMH YIbTpa3ByKa HU3-
koit uHTeHCcuBHOCTH - 0,5 B1/cM?, ¢ 10% renem ruapoKopTH30-
Ha, 1.0 MI', 50% (HEP+PWLIi) u 100% (HEP+CWLi), coor-
BETCTBEHHO, B TeueHue 10 MuHyT, Bcero 15 mpouenyp.

PesynbraTsl HccienoBaHus MOKa3aidHl, YTO MCIOIb30BaHUE
dorodopesa ¢ areTaToM rUIPOKOPTU30HA BBICOKON KOHIICH-
Tpalnuu, CMCIIAHHOT'O C YJIBTPa3BYKOBBIM I'€JIEM, B COUECTaHUN
¢ JIe4eOHBIMH YIPAXKHEHUSMH, BO BpeMsl peadMInTalluu yMe-
PEHHOM TSKECTU MOCTTPABMATHYECKON MIIM HOCJIEOIepalu-
OHHOM KOHTPAKTYphl KOJICHHOTO CYCTaBa, BBI3BAHHOTO apTpo-
(Gubdpo30M, MOXKET OBITH YCIEIIHBIM M O3BOJIHUT HOCTHYB 40-
50% mporpecca B OTHOLICHUH CTHOAHUs KOJICHHOTO CycTaBa
M yly4lleHus ero GyHKLMHU 3a 3 HeledH B cilydae HpHMe-
Henus 1,0 MI', 1 Br/cm?, 50% uMnynbcHOrO yapTpa3ByKa
B TeueHue 10 MUHYT, 5 pa3 B HeJAeCINIO.
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