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Arthrofibrosis is the abnormal proliferation of fibrous
tissue in a joint with an unclear etio-pathogenesis that
leads to loss of motion, pain, muscle weakness, swelling,
and functional limitation. In the knee, arthrofibrosis may
present as a localized form (cyclops lesion, infrapatellar
contracture syndrome, patellar clunk syndrome, localized
intra-articular scarring) or as a generalized stiffness. Ini-
tial treatment for arthrofibrosis is aggressive therapy: ar-
throscopic debridement combined with manipulation un-
der anesthesia (MUA) is preferred after 6 weeks of failed
conservative treatment [5]. A comprehensive arthroscopic
arthrolysis and careful postoperative rehabilitation are the
hallmarks for successful outcomes [2].

Arthrofibrosis is a frequent complication in patients
with anterior cruciate ligament (ACL) reconstruction fol-
lowed with unsuccessful rehabilitation. Although preven-
tion is the best treatment, little information exists within
the literature regarding the management and rehabilitative
intervention for arthrofibrosis [1].

Shelbourne et al classified different types of arthrofi-
brosis in the knee based on the loss of knee extension,
flexion, or both; the location of scar tissue formation in-
tra-articularly; and the mobility and location of the patella
(Table 1) [10]. However, once arthrofibrosis has occurred,
the treatment approach widely varies. Numerous pub-
lished surgical reports exist regarding the cause and treat-
ment of arthrofibrosis, but the rehabilitation programs are
poorly defined [3,11].

Range of motion (ROM) loss is one of the most seri-
ous sequelae of fractures, soft tissue injuries around the
knee and knee surgeries. Pyogenic infection, prolonged
postoperative immobilization of the knee, and improper
rehabilitation can result in a ROM deficit, however soft
tissue damage and adhesions around the knee after a dis-
tal femoral fracture are responsible in most cases. In the
past, open surgery (quadricepsplasty) was performed fre-
quently for arthrofibrosis of intraarticular or extraarticular
origin, however, it is a high-risk procedure that requires
lengthy rehabilitation and postoperative immobilization

[4].

The goal of the current study was to establish the supe-
riority of the effect of the combined utilization of static
progressive stretching and hydrocortisone phonophoresis
over standard therapeutic exercise programs for the reha-
bilitation process of knee contractures caused by arthro-
fibrosis.

To achieve this goal the following objectives were set:

1. The selection of patients with type I1I or IV arthrofibro-
sis (according to the Shelbourne classification) following
a lengthy immobilization or surgical treatment of the knee
(after 3-4 months) with significant limitations of flexion
as well as extension [10].

2. The random division of patients into two groups: I —
experimental group and II — control group.

3. The assessment of ROM (range of motion) of the knee
prior to the study and after a 2-week of rehabilitation pro-
gram.

4. Planning and implementation of 10 procedures of pho-
nophoresis with hydrocortisone before the inception of
the rehabilitation program in the experimental group [8].
5. Providing both groups with 2-week long rehabilitation
programs with static progressive stretching home exercise
programs.

6. Statistical processing and analysis of the results.

Material and methods. 29 patients between ages of
18 and 60 (mean age 42+4.3) participated in the prospec-
tive randomized controlled study, 19 (65%) male and 10
(35%) female with clinical signs of type III and IV con-
tracture of the knee, extension limitation >10° and flexion
deficit >25° when compared to the uninjured side. A mini-
mum of 3 months had passed since the initial injury or the
surgical intervention in all cases. 10 male and 5 female
patients were randomly distributed to Group I (experi-
mental group) while 9 male and 5 female patients were
distributed into Group II (control group) accordingly.

The patients’ cases that were part of this study were di-
vided into three groups according to the causes of arthro-
fibrosis: 12 cases of arthrofibrosis following ligament le-
sions, 11 cases following fractures in the knee area and 6
cases after meniscus damage or any other causes. It is also

Table 1. Classification of Arthrofibrosis (Shelbourne et al)

TYPE EXTENSION FLEXION PATELLAR MOBILITY
Type 1 <10° extension loss Normal flexion Normal

Type 2 >10° extension loss Normal flexion Normal

Type 3 >10° extension loss >25° flexion loss Decreased

Type 4 >10° extension loss >30° flexion loss Decreased and patella infera
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Table 2. The causes of knee arthrofibrosis

Case characteristic n 111 v Female Male
Ligament damage 12 10 2 2 10
Fracture in the knee area 11 6 5 5 6
Meniscus damage and other causes 6 4 2 3 3
Total 29 20 9 10 19
Table 3. The initial data for knee ROM according to the types of arthrofibrosis
Extension Flexion
Group n I Deficit IV I Deficit IV
n=20 (>10°) n=9 (>25°) n=20 (>30°) n=9
I - Experimental 15 14.842.4 15.343.1 27422 484+4.7
P (n=10) (n=5) (n=10) (n=5)
12.543.1 13.7+1.4 28423 50+3.,9
II - Control 14 (n=10) (n=4) (n=10) (n=4)

worth noting that out of the 9 cases of type IV contrac-
tures 5 were associated with fractures in the knee joint, 2
with ligament damage and 2 with meniscus damage while
in the cases of type Il contractures — 10 were associated
with ligament damage, 6 with fractures in the knee area
and 4 with meniscus damage (Table 2).

Table 3 demonstrates the distribution of cases and pa-
tients according to the type of arthrofibrosis and the initial
data for the limitation of movement in the knee.

15 patients were distributed into Group I who had ex-
tension limitations with type III arthrofibrosis and the av-
erage deficit of 14.842.4 as well as with type IV arthro-
fibrosis and the average deficit of 15.343.1. At the same
time, the average flexion deficit in this same group was
27+2.2 with type III arthrofibrosis and 48+4.7 in the cases
of type IV. Group II consisted of 14 patients with knee
extension deficit averages of 12.543.1 and 13.7+1.4 with
type III and IV arthrofibrosis accordingly. The data aver-
ages concerning the limitation of knee flexion in Group II
were as follows: 28+2.3 with type III arthrofibrosis and
50+£3.9 with type IV.

The patients in Group I underwent 10*10-minute pro-
cedures of phonophoresis with highly concentrated
hydrocortisone (10%), alongside a high intensity ultra-
sound (1.0 Wt./cm?) with 1.0 Mhz frequency and 50%
duty cycle during 2 weeks prior to the start of the re-
habilitation program [7-9]. After 2 weeks, both groups
received the same rehabilitation program that consisted
of typical home exercise programs and static progres-
sive stretching procedures for the following 10 days in
an ambulatory setting.

The program for static progressive stretching (SPS)
was conducted in the Sports Medicine and Rehabilitation
Clinical Center of TSMU (Tbilisi State Medical Univer-
sity) 5 times per week, during 30 minutes using a special
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static stretching device (DeRoyal Static-Pro Progressive
Knee Splint, USA and NeeHab LLC Flexor and Exten-
sor Device, USA) for 6 S5-minute series with a gradual
increase in knee flexion or extension. The intensity of
the mechanical effect was controlled monitored using the
“Stretching Intensity Scale” and with absence of pain — 2,
3 points (Fig. 1).

“Stretching Intensity Scale”
0123454678 910
Severe pain should not be present during an ad-
equate stretching!

Fig. 1. Stretching Intensity Scale

At the initial stage of the rehabilitation program, the
main focus was to decrease and eradicate the extension
deficit in the knee joint.

In case of severe pain after the exercise, ice applica-
tions were used for 15-20 minutes. Passive range of mo-
tion (PROM) in the injured knee was measured in degrees
with a goniometer before and after the intervention.

The statistical analysis of the results was conducted via
AcaStat Software’s StatCalc calculator. The comparison
of the data and the reliability of the differences between
them were assessed using the t-student criteria.

Results and discussion. The results of the aforemen-
tioned research have clearly shown improvement of ROM
with regards to both extension as well as flexion of the
knee in both groups, however, within Group I, which in-
cluded highly concentrated hydrocortisone phonophoresis
alongside with static progressive stretching and home ex-
ercise program (UPH+SPS+HEP), the difference in pas-
sive flexion and extension of the knee before and after the
end of the rehabilitation program was significant and reli-
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able (p<0.05) in all cases (Table 4), as opposed to Group
II, where static progressive stretching was performed
solely alongside a home exercise program (SPS+HEP),
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which demonstrated insignificant differences (p>0.05)
among the same parameters during all 4 instances of mea-
surements according to the t-student criteria (Table 5).

Table 4. Initial and final data of PROM deficits in Group I
Group I (n=15) Initial Deficit UPH*+SPS**+HEP***
Deficit Extension Flexion Extension Flexion
Arthrofibrosis type il v 1T v 1T v 1T v
ROM 14.842.4 | 15.3£3.1 | 27+2.2 | 48+4.7 0+0.5 2.0+0.7 5+1.7 12+£2.8
P P=0.001 P=0.004 | P=0.001 P=0.001
*UPH - UltraPhonophoresis; SPS** - Static Progressive Stretching; HEP***- Home Exercise Program,

Table 5. Initial and final data of PROM deficits in Group 11
Group II (n=14) Initial Deficit SPS+HEP
Deficit Extension Flexion Extension Flexion
Arthrofibrosis type 111 v 11 v 11 v 11 v
ROM 12.543.1 | 13.7£1.4 | 28+2.3 | 50+£3.9 9.7£2.3 7.2+2.1 22+42.4 41£2.3
P P=0.095 P=0.153 P=0.68 P=0.93
Table 6. The difference of the initial and final data between the experimental and control groups
Arthrofibrosis type PROM I II Difference
Ext. degree (°) degree (°)
Initial 14.8 12.5 2.3
Final 0 9.7
Difference 14.8 2.8 12
P <0.001 <0.095
I % 100 22.4
n=20 Flex.
Initial 27.0 28.1 5.1
Final 5.0 22.5
Difference 22.0 5.6 16.4
P <0.004 <0.15
% 81.5 19.9
Ext.
Initial 15.3 13.7 1.4
Final 2.0 10.0
Difference 13.1 3.7 9.4
P <0.001 <0.68
v % 86 27
n=9 Flex.
Initial 48.47 50.8 2.33
Final 12.0 41.2
Difference 36.47 9.6 26.87
P <0.001 <0.93
% 75 18.8
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If we merge the data concerning the initial and final
knee ROM from both groups into a single table and ex-
press the differences between them in absolute values and
percentages, it will be clear that extension PROM deficit
in patients with type III arthrofibrosis in Group I has de-
creased by 14.8 (100%) while in patients with type IV
arthrofibrosis it decreased by 13.1 (86%). On the other
hand, the extension deficit in patients with type III ar-
throfibrosis from Group II decreased by 2.8 (22%) and in
patients with type IV arthrofibrosis by 3.7 (27%). As for
flexion deficits, the data showed the following results: In
group I flexion deficit decreased by 22 (81.5%) in patients
with type III and by 36.47 (75%) in patients with type I'V.
At the same time, the flexion deficit reduction in Group II
was 5.6 (19.9%) and 9.6° (18.8%) in patients with type III
and IV arthrofibrosis respectively.

These conclusive results have shown that the effect of
static progressive stretching alongside with the adequate
home exercise program can be enhanced by the additional
utilization of phonophoresis with highly concentrated
hydrocortisone (10%) prior to the inception of the afore-
mentioned standard therapeutic exercise program. The
most significant and reliable advantage of this approach is
visible within patients with type III arthrofibrosis where
a 10-day treatment course could possibly result in a 80-
100% improvement with regards to knee ROM. As for
patients with type IV arthrofibrosis, the improvement of
ROM reached approximately 40% (Table 6).

If we express the initial and final data of the patients
with type III and IV arthrofibrosis from both groups
graphically, the advantage of utilizing ultraphonopho-
resis with hydrocortisone before the start of static pro-
gressive stretching and home exercise programs, when
compared to the solitary use of therapeutic exercises
(SPS and HEP) with regards to efficacy, it is clear and
unambiguous (Fig. 2).
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Fig. 2. Total change dynamics in initial and final ROM
mean data of both groups

The cause for the abovementioned advantage is most
likely due to the disruptive effect of ultrasound on fibrous
tissue formation as well as the weakening of firmness of
the already present scar tissue from the impact of penetra-
tion by highly concentrated hydrocortisone which in turn
enables the improvement of knee ROM with mechanical
stretching procedures [6]. Obviously, these effects would
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have been more apparent and significant during earlier
stages of scar tissue formation which takes place soon af-
ter the initial injury or surgical intervention when the first
signs of contractures arise, however, mechanical stretch-
ing at this stage of recovery is unacceptable as it hinders
the regeneration-reparation processes of damaged tissues
and creates the risk of causing additional damage.

Conclusion. The effect of static progressive stretching
in the rehabilitation process of knee contractures caused
by arthrofibrosis is greatly improved after the utilization
of ultraphonophoresis with highly concentrated hydrocor-
tisone alongside with standard home exercise programs
and this effect is especially apparent in the cases of pa-
tients with type III arthrofibrosis and knee flexion con-
tractures.

REFERENCES

1. Biggs A., Shelbourne K.D. Use of Knee Extension
Device During Rehabilitation of a Patient With Type 3
Arthrofibrosisis After ACL Reconstruction. // N Am J
Sports Phys Ther. 2006 Aug; 1(3): 124-131.

2. Doral M.N., Karlsson J. Sports Injuries: Prevention,
Diagnosis, Treatment and Rehabilitation. Springer, Sec-
ond edition, 2015, pp.915-931.

3. Kawaguchi K., Machicote K., Manabe T., Akasaka Y.,
Kaminaga N; Arthroscopic Scar Resection for the Treat-
ment of Anteromedial Knee Pain after Oxford Unicom-
partmental Knee Arthroplasty: A Case Report. // J Orthop
Case Rep. 2016 Sep-Oct; 6(4): 96-99. doi: 10.13107/
jocr.2250-0685.590

4. Kim Y.M., and Joo Y.B. Prognostic Factors of Ar-
throscopic Adhesiolys is for Arthrofibrosis of the
Knee. // Knee Surgery Relat Res., 2013;25(4):202-206.
doi: 10.5792/ksrr.2013.25.4.202

5. Mohammed R., Syed S., Ahmed N: Manipulation Un-
der Anaesthesia for Stiffness Following Knee Arthroplas-
ty. // Ann R Coll Surg Engl, 2009 Apr; 91(3): 220-223.
6. Morishita K., et al. Effects of Therapeutic Ultrasound
on Range of Motion and Stretch Pain.

// J PhysTher Sci. 26(5) (2014): 711-715.

7. Papadopoulos E.S., Mani R. The Role of Ultrasound
Therapy in the Management of Musculoskeletal Soft Tis-
sue Pain. // Int J] Low Extrem Wounds. 2020, December
1.-V.19, issue: 4: 350-358;

8. PTA 101 Intro to Clinical Practice; Ultrasound Proce-
dures; Clinical Decision Making. Before selecting ultra-
sound, a PTA must confirm that modalities are listed in the
physical therapy plan of care (POC): Nov 1, 2019

9. Shanks P., Curran M., Fletcher P., Thompson R. The
effectiveness of therapeutic ultrasound formusculo-
skeletal conditions of the lower limb: // The Foot. 2010
Dec;20(4):133-9. doi: 10.1016/j.f00t.2010.09.006

10. Shelbourne K.D., Patel D.V., Martini D.J. Classifica-
tion and management of arthrofibrosis of the knee after
anterior cruciate ligament reconstruction. / Am J Sports
Med. 1996;24:857-862

161



11. Xu H., Ying J. A mini-invasive procedure for treat-
ing arthrofibrosis of the knee. / Acta Orthop Trauma-
tol Turc. 2016 Aug; 50(4): 424-428. doi: 10.1016/).
a0tt.2016.06.006

SUMMARY

EFFECT OF THE COMBINED UTILIZATION
OF STATIC PROGRESSIVE STRETCHING AND
PHONOPHORESIS WITH HYDROCORTISONE
IN REHABILITATION OF KNEE CONTRAC-
TURES CAUSED BY ARTHROFIBROSIS

12AKkhalkatsi V., ?Matiashvili M., “*Maskhulia L.,
30bgaidze G., *Chikvatia L.

Tbilisi State Medical University, 'Physical Medicine De-
partment; *Clinical Center of Sports Medicine and Reha-
bilitation, *First University Clinic, Georgia

Arthrofibrosis is the abnormal proliferation of fibrous
tissue in a joint with an unclear etiopathogenesis that
leads to loss of motion, pain, muscle weakness, swelling,
and functional limitation. Various methods of therapy are
utilized to treat the aforementioned pathology and among
them are also aggressive approaches such as static pro-
gressive stretching.

The goal of the current study was to establish the superi-
ority of the effect of the combined utilization of static pro-
gressive stretching and hydrocortisone phonophoresis over
standard therapeutic exercise programs for the rehabilitation
process of knee contractures caused by arthrofibrosis.

29 patients between the ages of 18 and 60 (mean age
42+4.3 y.0.) participated in the prospective randomized
controlled study, 19 male (65%) and 10 female (35%) with
clinical signs of type III and IV contracture of the knee,
extension limitation >10° and flexion deficit >25° when
compared to the uninjured side. A minimum of 3 months
had passed since the initial injury or the surgical interven-
tion in all cases. 10 male and 5 female patients were ran-
domly distributed to Group I (experimental group) while
9 male and 5 female patients were distributed into Group
II (control group) accordingly.

The patients from Group I underwent a 2-week long
treatment course (10 procedures) with highly concen-
trated (10%) hydrocortisone phonophoresis before the
inception of the standard rehabilitation program while
the patients from Group II went through a rehabilitation
course consisting solely of static progressive stretching
and a home exercise program.

The effect of static progressive stretching in the reha-
bilitation process of knee contractures caused by arthro-
fibrosis is greatly improved after the utilization of ultra-
phonophoresis with highly concentrated hydrocortisone
alongside standard home exercise programs and this ef-
fect is especially apparent in the cases of patients with
type III arthrofibrosis and knee flexion contractures.
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PE3IOME

IOPEKT KOMBMHUPOBAHHOI'O NCITIOJIB30O-
BAHUSI CTATHYECKOI'O HNPOI'PECCHUPYIO-
IETIO PACTA)KEHUSA U ®OHOPOPE3A C I'l-
JAPOKOPTHU30HOM B NPOLHECCE PEABWJIN-
TAIOUUN KOHTPAKTYP KOJIEHHOI'O CYCTABA,
BBbI3BAHHbBIX APTPO®UBPO30M

2Axankanu B.JO., *Maruamsuau M.K.,
L2Macxynus JI.M., 306raumze I.O., *Uuksarus JI.B.

Tounucckuu 2ocyoapcmeenmblll MeOUYUHCKUL YHUBEPCU-
mem, '0enapmamenm ¢usuueckol MeOUyuHbl, *KiuHuUYe-
CKULl YeHMp CHOPMUBHOL MeOUYUHbl U peadurumayuu,
[lepsas ynusepcumemckas kaunuka, I pysus

ApTtpodubdpo3 sABIIETCS aHOMAIBbHOW mpoiudepa-
nueir GuOpo3HON TKaHM B CyCTaBe C HESCHBIM JTHO-
MaTOT€HE30M, KOTOPBIH MPUBOANT K MOTEPE ABMKEHUS,
6omu, MBIIIEYHON c1abocTH, OTeKaM U (HyHKIHOHAIh-
HBIM OT'PaHUYCHHSM. sl jedeHns BBIIICYNOMSHYTOH
MaTOJIOTHH HCTIOJIB3YIOTCSl Pa3iIMYHbIE CIIOCOOBI Tepa-
MWW, CPEIN HUX TaKXKE arpecCHBHBIC MOAXOABI, TAKUE
KaK CTaTH4IEeCKOE MPOrPeCcCUpyIolIee pacTsHKEHHUE.

[lenpro HACTOSIIIETO HCCIEAOBAHUS SIBHJIOCH yCTaHO-
BHUTH TIPEBOCXOACTBO 3P PeKTa KOMOMHUPOBAHHOTO FHC-
MIOJTb30BAHUSI CTATUYECKOTO MPOTPECCHPYIOIIETO PacTs-
KeHus U (poHO(DOpe3a THAPOKOPTH3OHOM HaJl CTaHAAPT-
HBIMH MPOTpaMMaMH JIEUEOHBIX YNPAXHEHUH JUIi TPO-
mecca peadbmnmnTannuy KOHTPAKTyp KOJEHHOTO CyCTaBa,
BBI3BAaHHBIX apTPOPUOPO30M.

29 mamueHTOB B Bo3pacTe oT 18 mo 60 met (cpemHmii
Bo3pacT 42+4,3 r.) y4acTBOBalIH B MPOCHEKTHBHOM
PaHIOMHU3UPOBAHHOM KOHTPOJIMPYEMOM HCCIIEH0Ba-
HuH, cpean HuX 19 (65%) myxuwnH u 10 (35%) sxeHmuH
C KIIMHUYECKUMU IIPU3HAKAMU KOHTPaKTyphl KoseHa 11
u IV Tuna, orpannuenneM pasrubanus >10° u gepunn-
TOM crubaHus >25° B CpaBHEHUH CO 370POBOIl CTOPO-
HOH. Bo Bcex cimydasx Kak MUHIMYM 3 MecAIIa IPOILIO0
C MOMEHTA NEPBOHAYAIBLHOW TPaBMBI HJIN XUPYypTUUe-
CKOTO BMeImarenbeTsa. 10 mamueHToB MYKCKOTO I0ja
W 5 TMaIMeHTOB JKEHCKOTO T0Ja CIyYaifHBIM 00pa3oMm
pacmpenenensl B | rpymnmy (SKcmepuMeHTanbHas), 9
MAIMEHTOB MY>KCKOTO TIOJIa M 5 MAlUEHTOB KEHCKOTO
mona - Bo Il rpynmy (koHTpONBHAS).

[ManmenTs! u3 I rpynmsl MPOXOAUIN KypC JICUSHHUS TTPO-
JIOJDKUTENbHOCTRIO 2 Hemenn (10 mporemyp) ¢ UCTONb-
30BaHHEeM (hoHO(DOpE3a THAPOKOPTU3OHOM BBICOKOW KOH-
nertpanun (10%) 1o Hagama cTaHIApTHOW MTPOTPaMMBbI
peabunuranyyu, a manueHTsl u3 1l rpynmel mpoxomuiu
Kypc peaOwInTanuy, COCTOSIIUHM WCKIIOYUTENHHO U3
CTaTHYECKOTO MPOTPECCUPYIOLIETO PACTSIKEHHUS M IPO-
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rpaMMBbl yIpaXHEHHH Ha JoMy. DPQEKT cTaTHYecKoro
NPOrPECCHPYIONIETO PACTSHKEHUsSI B Ipoliecce peaduinTa-
MU KOHTPAKTYP KOJICHHOTO CYCTaBa, BHI3BAHHBIX apTpodu-
OpO30M, 3HAYUTENIBHO YJIyYIIASTCsl TIOCIE MCIOIb30BaHUS
ynerpadoHOdOpe3a ¢ BBICOKOKOHIICHTPUPOBAHHBIM TH-
JIPOKOPTH30HOM, Hapsiy CO CTaHJAPTHBIMU MPOrpaMMaMHu
yIpayKHEHUH Ha JIOMY, 1 9TOT P (EKT 0COOEHHO OYEBH/ICH B
Cllydasix HalueHToB ¢ aprpoduodpos3om III Tuna n koHTpak-
TypaMu CrHuOaHMs KOJIeHa.
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