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Treatment of Extension Knee Contractures with Ilizarov Apparatus
Versus Orthopedic Hexapod Ortho-SUV Frame
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St. Petersburg, Russian Federation

Background. In case if it is impossible to eliminate the knee contracture by soft tissue release, external fixation is additionally
used. Most often, the Ilizarov apparatus with a uniaxial hinge is used for this purpose. Orthopedic hexapods, unlike the
Ilizarov frame, are able to reproduce the kinematics of movements in the knee joint.

Aim of the study — to evaluate the effectiveness of orthopedic hexapod for the treatment of patients with knee extension
contractures in comparison with the Ilizarov apparatus.

Methods. We analyzed 64 cases of combined treatment of extension knee contractures, which were divided into two groups.
In the 1%t group (31 patients) in addition to the soft tissue release, the orthopedic hexapod Ortho-SUV Frame (OSF) was used.
In the 2" group (33 patients) the Ilizarov apparatus with an uniaxial hinge was used. In a comparative analysis between
groups, the number of flexion-extension cycles, the time required to complete them, and the time needed for complete knee
range of motion (ROM) restoration were evaluated. Functional results were assessed using specialized scales-questionnaires
KSS, Lysholm, LEFS in 2 days, 6 and 12 mon. after frame dismantling.

Results. Comparing the total external fixation period, as well as the time needed for ROM restoration, no significant difference
between groups was found (p>0.05). When using the orthopedic hexapod, in comparison with the Ilizarov apparatus, fewer
flexion-extension cycles were required. When assessing the amplitude of movements in 12 mon. in the first group, excellent
results were found in 27 patients and good results in 4. In the second group, in all 33 patients good ROM was evaluated. On
average, the ROM in the 1t group was 20° more than in the 2™ group. The knee function in 12 mon. was 16 points higher on
the KSS in the 1%t group, 5 points higher on the Lysholm scale, and 15 points higher on the LEFS scale than in the 2™ group.
When analyzing the frequency of complications, no significant differences were found (p>0.05).

Conclusions. The results obtained indicate the effectiveness of the orthopedic hexapod in the treatment of patients with
knee extension contractures.

Keywords: knee joint stiffness, knee joint contracture, quadricepsplasty, external fixation, Ilizarov apparatus, orthopedic
hexapod.
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CpaBHUTENbHASA OL,EHKA pe3y/bTaToB UCMOJb30BaHMUA annaparta
Unusaposa u oproneauyeckoro rekcanoga Opro-CYB npu neyeHum
pasrubaTenbHbIX KOHTPAKTYP KOJIEHHOr0 CycTaBa

C.A. Poxoes, [I.B. Uyraes, JI.H. Conomuux

@I'BY «HayuoHanvHsili MeOUYUHCKULI Uccnedosamensckuil yenmp mpasmamonozuu u opmoneouu
um. P.P. Bpedena» MuH3dpasa Poccuu,
2. Canxm-ITemep6ype, Poccus

AxkmyansHocms. IIpy HEBO3MOKHOCTY OMHOMOMEHTHO YCTPaHUTh KOHTPAKTYPY KOJEHHOTO CYCTaBa IMyTeM MSITKOTKAaH-
HOTO pe/u3a JOMOJTHUTEIbHO MCITONb3YIOTCS anrmapaTsl BHelIHe dukcanumu (AB®D), Hanbonee yacTo — anmnapat Wnnsa-
pOBa C OJJHOOCEBBIM ITaPHMPOM. Takske MOTYT IPUMEHSITHCS OPTOTIeANUecKye TeKcarnobl, KOTOpbie, B OT/IMYME OT arla-
pata MnusapoBa, ClIOCOGHBI BOCIIPOM3BECTM KMHEMATHUKY ABMKEHUIT B KOIEHHOM CyCTaBe.

Llens uccnedosarus — oueHUTb 3G (HEKTUBHOCTh MPUMEHEHMSI OPTONEeAMUYeCKOr0 TeKCaroa s Je4eHus MalleHTOB C
pa3rubaTeabHBIMM KOHTPAKTYpPaMM KOJIEHHOTO CYCTaBa B CPaBHEHMM C UCIIOb30BaHMEM amnmapaTa Mnusaposa.

Mamepuan u memodsi. IIpoaHanM3UPOBaHO 64 ciryuyasi KOMOVMHUPOBAHHOTO JIEYEHNST Pa3rUOATENbHBIX KOHTPAKTYD
KOJIEHHOTO CYCTaBa, CHOpMUPOBABIINXCS BCIEICTBME BHECYCTABHBIX MePeIOMOB 6eIpeHHO# KOCTH. [TaeHThl 6N
paszesieHbl Ha JBe TPYMIbl. B mepBoii rpymnme npu jeyeHuu 31 mauyueHTa B IOMOJHEHME K MSTKOTKAHHOMY pelu3y
NpUMeHSIN opTorneguueckuii rekcamnos Opro-CYB. Bo BTopoii rpyrrie npu JiedeHUn 33 nalyeHTOB UCII0/JIb30BaaN am-
napat MimnsapoBa c 0O4HOOCEBBIM MIapHUPOM. [Ipy cpaBHUTENbHOM aHalM3€e MeXIY IPYIIaMiu OlleHMBaIMU KOJTMUECTBO
LIMKJIOB CrM6GaHUSI-pa3rubaHms; BpeMs, Heo6X0oMMoe Ha UX BBIMTOJHEHNE; 001ee BpeMs BOCCTAHOBIEHUS IBUKEHUI
B AB®. OyHKIMOHANbHbBIE PE3YIbTAaThl OLEHUBAIYM 10 aMIIUTY/le IBVOKEHMI B KOJIEHHOM CyCTaBe U Cleluanu3upo-
BaHHBIM IKajgamM-omnpocHukaM KSS, Lysholm, LEFS 1o mpoirecTBuu 2 gHei, a Takxke uepe3 6 1 12 Mec. ¢ MOMeHTa
nemMoHTaxka AB®.

Pe3ynvmamet. IIpy cpaBHeHUM OOl AJIUTEILHOCTU MCITONb30BaHMsI AB®, a Takke BpeMeHM, HeOOXOIMMOro IJIs pas-
paboTKM IBMKEHMIA, 3HAUMMOJ pa3HULIbl He BbissBIeHO (p>0,05). IIpy MCII0/Ib30BaHUM OPTOIEAMUYECKOTO reKcaroaa Imo-
TpeboBaoCh BHITIOTHEHME MEHbBIIEro KOMMYeCTBa YK/IOB CrubaHusI-pa3srubaHysl Mo CPaBHEHMIO C IPYMMEHeHMeM arra-
para Wnusaposa. [Ipu oueHke aMIUVIMTYbl OBVKEHNI yepe3 12 Mec. B IIepBOJ TPyIIIe OTAMYHbIE pe3y/IbTaThl I10Ty4YeHbl
B 27 cryuasx u xopoliune — B 4 ¢ryuasx. Bo BTopoii rpyrie Bo Bcex 33 ciaydasx Obljla OTMeUeHa X0poliasi aMIUIUTYAa JBU-
SKEHUIA. B cpeqHeM aMILIMTya ABMKEHUIT B MepBOii rpymme 6puia Ha 20° Bbillle, YeM BO BTOpOIi rpyirie. OlieHKa QyHK-
LMY KOJIEHHOTO cycTaBa yepe3 12 mec. no mkane KSS B mepBoii rpyriie 6bu1a Bbilie Ha 16 6aioB, mmo mikaiae Lysholm —
Ha 5 6asu10B, o mKaje LEFS — Ha 15 6a/1oB, yeM BO BTOpPOI1 rpyiiie. IIpy aHaaM3e 4acTOThI OCJIOKHEHUI 3HAaUMMBble pas3-
JIMuys He ObLIM BbISIBJIEHBI (p>0,05).

3axntouerue. TTomydeHHbIE Pe3YIbTAThI CBUAETEIbCTBYIOT 06 3G deKTUBHOCTY UCITOIb30BaAHMS OPTOIEANYECKOTO TeKCcarno-
Jla TIpM JIeYeHU U MAIMeHTOB ¢ pa3rnbaTeTbHbIMM KOHTPAKTypaMM KOJIEHHOTO CyCTaBa.

KirroueBbie c/10Ba: KOJIE€HHBIN CyCTaB, KOHTPAKTypa, apTpoJIn3, TEHO/IN3, MMUOJIN3, KBaJAPULEIICIUIaCTHKA, allliapaTbl BHEII-
Hel (l)I/IKcaLU/II/I, alfrmapart HJ’[I/ISapOBa, OpTOHe,ELI/I‘IECKI/II‘/JI rekcarion.
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BACKGROUND

The formation of extensor contracture of the
knee joint after a fracture of the femur has
been registered in 20-38% of all relevant cases
[1, 2, 3, 4]. The resulting restriction of flexion in
the knee joint significantly impairs the quality-
of-life of patients [5, 6, 7]. Quadricepsplasty, a
soft tissue intervention aimed at eliminating
scars and adhesions with the restoration of the
sliding properties of the quadriceps muscle (QM)
is the most commonly used surgery to eliminate
extensor contractures [8, 9, 10, 11]. However,
long-term contractures lead to persistent sec-
ondary changes in the soft tissues, their contrac-
tion, and partial cicatricial degeneration [12, 13].
In such cases, attempts at acute elimination of
contracture to achieve the required range of mo-
tion (ROM) are deemed dangerous considering
the possible damage to the QM tendon, avulsion
fracture of the patella, or tibial tuberosity [14, 15,
16, 17]. To avoid these complications, the soft tis-
sue stage of the surgery is generally supplement-
ed with the use of an external fixation (ExFix),
most often the Ilizarov apparatus [18, 19, 20, 21].
Moreover, a single-axis hinged mechanism not
only enables the reproduction of the kinemat-
ics of movements in the knee joint [22, 23, 24].
However, this is possible when using an orthope-
dic hexapods [25, 26, 27, 28].

Based on these results, the present study
aimed to evaluate the efficiency of an orthopedic

hexapod for the treatment of patients with ex-
tensor contractures of the knee joint in compari-
son with the Ilizarov apparatus.

METHODS
Study design

A retro- and prospective cohort non-random-
ized study was performed.

Patients

All patients included in this study were treated
at the Vreden National Medical Research Center
of Traumatology and Orthopedics from 2003 to
2021. A total of 64 cases of combined (soft tis-
sue release and ExFix ) treatment of the extensor
contractures of the knee joint resulting from ex-
tra-articular fractures of the femur was analyzed
in this study.

Group 1 (main) consisted of 31 patients who un-
derwent treatment with the orthopedic hexapod
Ortho-SUV for contracture, after the soft tissue
stage of the surgery [29]. A total of 19 patients were
analyzed retrospectively and 12 prospectively.
Group 2 (comparison group) included 33 patients
in whom the Ilizarov apparatus with a single-axis
hinged system was employed after the soft tissue
release. Both the groups were compared in terms
of gender, age, fracture location, treatment meth-
od, duration of the contracture, and the preopera-
tive range of motion (p > 0.05) (Table 1).

Table 1
Characteristics of patients in the study groups (Me [Q25; Q75])
Indicator Group 1 (Ortho-SUV) Group 2 (Ilizarov apparatus)

Number of patients. n 31 33
Age. years 33[18;55] 35[19;57]
Gender, m/f 21 (67.8%) / 10 (32.2%) 20 (60.6%) /13 (39.9%)
Classification of fractures according AO/OTA:
32- 10 (32.3%) 14 (42.4%)
33-A2 and A3 21 (67.7%) 19 (57.6%)

Conservative treatment 12 (38.7%) 14 (42.4%)
v & < | MOSplate 9 (29.0%) 7 (21.2%)
=]
g % g ExFix 4(12.9%) 6 (18.1%)
=] BIOS 2 (6.5%) 4(12.1%)

SO 4(12.9%) 2 (6.1%)
Duration of the contracture
2 years 12 (38.7%) 15 (45.4%)
3 years 15 (48.3%) 15 (45.4%)
4 years 4 (12.9%) 3(9.1%)
Range of movement before surgery. deg. 20 [15; 35] 30 [20; 35]

MOS — metal osteosynthesis; BIOS — blockable intramedullary osteosynthesis; SO — sequential osteosynthesis.
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Fig. 1. Soft tissue procedure: a — after soft tissue release; b — maximal flexion 65°

Unfortunately, it was not possible to detail
the types and the groups of diaphyseal and the
subgroups of extra-articular fractures that con-
sequently led to the contracture.

Surgical technique

In both the groups, stage 1 was Thompson
quadricepsplasty, as modified by S.B. Hanh
et al. [30]. Through a linear incision along
the anterolateral surface, access was made
to the heads, the QM tendon, and the patella
(Fig. 1 a). The joint cavity and the ligament of
the patella were freed from adhesions from the
fibrous Hoffa’s pad, after which the rectus femo-
ris was mobilized along the entire length up to
the upper third of the thigh. The intermediate
muscle, as a rule, represents a hypotrophic cica-
tricial-degenerate cord, which is always excised.
Only if, after the soft tissue stage of the surgery,
the required ROM is not achieved (Fig. 1 b), that
is, the main cause of the contracture is the QM
retraction, applying ExFix frame to the knee joint
was used.

In both the groups, when applying ExFix, two
supports on the femur (sector and ring) and one
ring support on the lower leg were mounted.
Bone components, wires, and threaded pins were
inserted into the projections of the so-called
“Recommended positions (RP)” [31].

The Ortho-SUV Frame (OSF) hexapod assem-
bly, specially designed for the treatment of knee
joint contractures, was adopted [32]. Its peculi-
arities involved the fact that the base ring was in-
stalled in the sagittal plane at an angle of 60° to
the anatomical axis of the femur, while the mo-
bile ring was mounted at an angle of 120° to the

anatomical axis of the tibia. An additional “dum-
my” sector was used to fix the strut # 1 (Fig. 2 a).

On the next day of the surgery, an X-ray of the
knee joint was performed in 2 projections. Using
the Adobe Photoshop 2020 (Adobe Systems, Inc.),
a specially designed template was superimposed
on the lateral radiograph with marked instanta-
neous centers of rotation of the knee joint and
the angles of rotation (Fig. 2 b). When calculat-
ing in the computer program SUV-Software v.7.2,
a distraction of 5-7 mm was set, and the “multi
total residual” software option was used to calcu-
late the flexion up to an angle of 120° at intervals
of 10° (Fig. 2 c). In addition, when calculating, the
internal rotation of the tibia was added at flexion
angles of 10°, 30°, 60°, 90°, and 120°. The flex-
ion rate of 2.5° per day for 4 cycles was selected,
as a result of which the program calculated the
change in the strut length to provide 10° flexion
in 4 days.

Distraction was started on days 3-7, followed
by a period of passive-active development of
movements. The passive-active development of
movements included the cycles of passive flex-
ion-extension of the lower leg using an ortho-
pedic hexapod. Simultaneously, active exercises
were started after the complete cycle 1 of passive
flexion-extension with the use of an OSF ortho-
pedic hexapod. To develop active movements,
struts ## 2, 4, and 6 were temporarily detached
from the mobile ring. Having fixed the struts
again, the patients were recommended exercises
that involved touching the tips of the toes with
their fingers and lifting the weight of the lower
limb, first with the help of a cable, and subse-
quently without it. Active exercises for the lower

10 2022;28(2)
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leg flexors were performed daily for 30-40 min
at an interval of 5-6 h. The cycles were repeated
until the amplitude of active movements in the
knee joint reached an angle of 90°. The initial
rate of flexion, depending on the pain syndrome,
could be accelerated or slowed down. As a rule,
the rate of flexion-extension for each subsequent
cycle was greater than that of the previous one.

To prevent the rebound effect (decrease in the
range of motion due to soft tissue retraction) in
the postoperative period, upon reaching an ac-
tive range of motion of 70-80°, the fixation of
the knee joint for the night in the position of the
maximum possible flexion and extension was al-
ternated daily. The frame was dismantled after
the patient could independently flex the knee
joint to a 90° flexion angle.

In group 2 (Ilizarov apparatus), the frame as-
sembly included base ring applied in distal third

Fig. 2. Usage of Ortho-SUV Frame (OSF) hexapod:
a — after frame applying;
b — the template, in wich accordance the movements in the knee joint were modelled,;

¢ — OSF software window;
d — maximal flexion achieved

of the femur, while mobile ring was mounted in
the proximal third of the lower leg. In the fron-
tal plane, the rings were oriented perpendicular
to the common mechanical axis. In the sagittal
plane, the base and mobile rings were oriented
perpendicular to the anatomical axes of the fe-
mur and tibia. The axial hinges were placed un-
der the C-arm control in the projection of the
flexion-extension axis of the knee joint [33].
Passive movements were performed using swivel
hinge (“motor”) (Fig. 3).

Postoperative management did not differ from
that used for group 1. To perform active exercis-
es, the axial hinges were disconnected.

After the frame dismantling, patients of
both groups continued complex rehabilita-
tion treatment that included exercise therapy,
low-frequency magnetic therapy, massage, and
mechanotherapy.

Angles
of internal

Flexion
angles
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Fig. 3. Usage of Ilizarov apparatus:
a — after frame applying; b — X-ray during treatment;
¢ — axial and swivel hinges; d — ring-to-ring collision

Comparison of results

In a comparative analysis between groups, the
duration of the movement development period
(MDP) using ExFix was evaluated, along with
the number of flexion-extension cycles, the time
spent on their implementation (cycle duration),
and the range of motion in the joint. The final
ROM was assessed as excellent at >110°, good at
90-109°, satisfactory at 60-89°, and unsatisfacto-
ry at <60°. The classification of Caton (1991) [34]
was used to assess the relationship between com-
plications and treatment outcomes. The KSS [35],
Lysholm, and LEFS questionnaires were used to
assess the function of the knee joint and the low-
er limb in general. The evaluation was performed
at the stages before the surgery, on day 2 after
the ExFix dismantling, and at 6 and 12 months
after the ExFix frame dismantling. In 12 prospec-
tive patients from the main group, an additional
assessment was performed at 3 and 9 months af-
ter the ExFix dismantling.

Statistical analysis

The data obtained were recorded in Microsoft
Excel spreadsheets. Statistical data analysis
was performed using the Statistica v.10 soft-
ware. The analysis of the normality of distri-
bution was performed using the Shapiro-Wilk
test. The distribution of most of the studied nu-
merical variables differed from the normal one;
therefore, nonparametric methods of statistical
analysis were applied. To assess the quantita-
tive parameters in 2 independent groups, the
Mann-Whitney U-test was used. As is customary
when using nonparametric methods, quantita-
tive data were presented as a median as well as
lower and upper quartiles. To calculate the re-
lationship between quantitative parameters, the
Spearman correlation coefficient was adopted.
The comparison of the frequency characteris-
tics of nominal data was performed using the y?
test (with the Yates correction for small cohorts)
and Fisher’s test. The assessment of the depen-
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dent samples in the same group and the study of
the indicators in dynamics after surgical treat-
ment were performed using the Wilcoxon and
Friedman criteria.

RESULTS

When comparing the period of development of
movements and the period of use of ExFix in both
the groups, no statistically significant difference
was noted (p>0.05) (Table 2).

In group 1, where the Ortho-SUV orthope-
dic hexapod was used, an active flexion angle of
90° was achieved in 5 (16.2%) cases in 4 cycles,
24 (77.4%) cases in 5 cycles, and 2 (6.4%) cases
in 6 cycles. In group 2, in 12 (36.4%) cases, to
achieve an active flexion angle of 90°, 6 cycles
were required, and in 21 (63.6%) cases, 7 flexion-
extension cycles were necessary (Table 3). When
comparing the duration of cycles, a statistically
significant difference was recorded in cycles 1,
2, and 3 (p<0.05). According to Table 3, less time
was spent on the first 3 cycles of group 2 than
that of group 1. At the end of cycle 4, the aver-
age duration in both the groups became equal
(p > 0.05), while the average active range of mo-
tion in group 1 remained statistically signifi-
cantly greater (p<0.05) than that in group 2. At
the end of cycle 5, the average time in group 1
was less (p<0.05), and the average active range of
motion was also statistically significantly greater
than that in group 2 (p < 0.05).

The maximum value of the achieved flexion
angle when using the orthopedic hexapod on
each cycle averaged 115° (110;115), which is 25°
more than that in the comparison group, where
the maximum flexion angle averaged 90° (90;90)
(p<0.05). The amplitudes of movements on day
2 and at 12 months after ExFix dismantling were
statistically significantly less in the Ilizarov ap-
paratus group (p<0.05). At 12 months after ExFix
dismantling, an excellent range of motion was

recorded in group 1 in 27 (87.1%) patients and a
good one in 4 (12.9%) cases. In group 2, in all 33
(100%) cases, the range of motion was assessed
to be good (Table 4).

In group 1, the correlation analysis re-
vealed a direct strong relationship between
the maximum achieved frame-based flex-
ion and the range of motion achieved af-
ter 12 months (p < 0.05; r = 0.877). In group
2, a direct moderate relationship was noted
(p <0.05; r=0.715).

The mean scores on the KSS and Lysholm
scales on day 2 after the frame dismantling
were statistically significantly lower in group 2
(p<0.05), while no significant difference was
noted on the LEFS scale (p>0.05). At 6 and 12
months after the frame dismantling, the mean
scores on the KSS, Lysholm, and LEFS scales
were statistically significantly lower in group 2
(p<0.05) (Table 5).

After 12 months in group 1 on the KSS scale,
excellent results were recorded for all patients.
In group 2, excellent results were registered in 10
(30.3%) patients and good results in 23 (69.7%)
patients. According to the Lysholm scale, in group
1, an excellent function was noted in 29 (93.5%)
cases and good function in 2 (6.4%) cases, while,
in the group 2, excellent results were recorded in 9
(27.2%) patients and good results in 24 (72.8%) cas-
es. According to the LEFS scale, in group 1, a slight
limitation of the lower limb function was noted in
all cases, and, in group 2, a similar result was noted
in 15 (45.4%) patients, while a moderate limitation
of function was noted in 18 (54.6%) cases.

Indicators of the dynamics of the average
range of motion and the average score in pro-
spective patients of group 1 are presented in
Table 6. When assessing the dynamics of the av-
erage ROM in group 1, since the surgery, its in-
crease and the achievement of excellent results
were noted 9 months after the frame dismantling.

Table 2

Time characteristics of both the study groups, days (Me [Q25; Q75])

Period Group 1 (Ortho-SUV) Group 2 (Ilizarov apparatus)
Latent 31(2; 4] 312; 3]
Distraction 413; 4] 5[4;5]
Movement development 99[91; 107] 110[88; 119]
ExFix use period 108 [99; 120] 109 [98; 114]
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Table 3
Quantitative data of flexion-extension cycles in the study groups (Me [Q25; Q75])
Cycle Group 1 (Ortho-SUV) Group 2 (Ilizarov apparatus) p
number n, % CD, days MA]J, deg. n, % CD, days MA]J, deg. CD, days MA]J, deg.
1 31/100 39 [37; 41] 40[25; 50] 33/100 32[30;34] | 30[20;35] <0.05 <0.05
2 31/100 28 [26; 30] 55 [45; 60] 33/100 25[22;26] | 45 [40;45] <0.05 <0.05
3 31/100 19 [16; 23] 65 [55; 70] 33/100 17[16;18] | 55[50;60] <0.05 <0.05
4 31/100 11[9; 13] 80 [70; 85] 33/100 11[10;13] | 65[60;70] >0.05 <0.05
5 24/774 4[4; 5] 92 [90; 95] 33/100 716;8] 75 [75; 85] <0.05 <0.05
6 2/6.4 2.5[2; 3] 92 [90; 95] 33/100 5[3; 7] 85 [85; 90] - -
7 - - - 21/63.6 3[3; 4] 90 [90; 90] - -
n — number of patients; CD — cycle duration, days; MA] — movement amplitude in the joint.
Table 4
Range of knee motion at various times, deg. (Me[Q25; Q75])
Follow-up period Group 1 (Ortho-SUV) Group 2 (Ilizarov apparatus) p
Before surgery 20[15; 35] 30 [20; 35] >0.05
After release 55[50; 70] 60 [55; 70] >0.05
Before dismantling the ExFix 115[110; 115] 90 [90; 90] <0.05
On the day 2 after dismantling 90 [90; 95] 90 [90; 90] <0.05
After 6 months 105[100; 110] 95 [90; 95] <0.05
After 12 months 115[110; 120] 95 [90; 95] <0.05
Table 5
Results of assessment the knee function on scales, score (Me [Q25; Q75])
KSS Lysholm LEES
Follow-up
G 2 G 2
period Group 1 (Ilrizgll')ov Group 1 (Ilri(;l;rpov Group 1 Group 2
(Ortho-SUV) (Ortho-SUV) (Ortho-SUV) (Ilizarov apparatus)
apparatus) apparatus)
Before 58 [48; 62] 60 [54; 63] 47 [44; 53] 50 [42; 55] 28 [24; 30] 27 [24; 31]
surgery
p>0.05 p>0.05 p>0.05
On the 74[71; 76] 68 [67; 70] 81[76; 81] 77 [75; 81] 50 [48; 54] 51[47; 53]
day 2 after
dismantling p<0.05 p<0.05 p>0.05
After 6 85 [82; 86] 78 [76; 81] 88[88; 91] 86 [79; 86] 66 [64; 70] 58 [57; 61]
months
p<0.05 p<0.05 p<0.05
After 12 95 [94; 97] 79 [77; 83] 95[92; 99] 90 [86; 91] 74 [72; 75] 59 [58; 64]
months
p<0.05 p<0.05 p<0.05
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When evaluating the dynamics of changes in the
average scores on the KSS scale 6 months after
the ExFix dismantling, excellent functions of the
knee joint were noted. According to the Lysholm
score, excellent functions of the knee joint were
achieved 9 months after the frame removal.
According to the LEFS scale, the limitation of the
lower limb function was noted to be insignificant
6 months after the external device dismantling.

In group 1, complications developed in 14
(45.1%) patients, 12 (38.7%) of whom showed
superficial pin-site infection (category 1). In 1
(3.2%) female patient, limited skin necrosis oc-
curred in the postoperative period (category 2);
therefore, the development of movements was
temporarily suspended for the debridement.
After the secondary healing of the wound, the
development was continued. In another (3.2%)
patient, the development was suspended due to
infection in the surgical area (category 2), which
necessitated revision, sanitation, and drainage of
the infectious focus. As a result, the purulent-in-
flammatory process was discontinued, while the
development was continued.

In group 2, the complications were detected in
17 (51.4%) patients; 16 (48.4%) of whom experi-
enced superficial pin-site infection (category 1),
which was stopped through conservative treat-
ment. In 1 (3%) case, a threaded pin breaching
occurred due to a fall of the patient. This case re-
quired repeated bone component insertion (cat-
egory 2), after which the development of move-
ments was continued. A comparative analysis of
complications in both the groups showed no sta-
tistically significant difference (p>0.05).

DISCUSSION

Fractures of the femur were accompanied by
varying degrees of damage to the intermediate
head of the QM [11, 13]. The scar tissue formed as
a result of damage, tightly soldered to the peri-
osteal regenerate, prevented the QM sliding, and
was one of the most significant causes of con-
tracture [10]. It can be assumed that the more
severe the type and group of a fracture, the more
the QM is damaged. We deliberately excluded pa-
tients with intra-articular fractures (types 33-B
and 33-C) from the study in order to exclude
the influence of the “articular” component of
contractures. Unfortunately, it was not possible
to detail the types of fractures 32- and the sub-
groups of fractures 33-A2 and 33-A3, because,

at the time of hospitalization, there were signs
of complete consolidation of the fragments with
bone tissue remodeling. Available extracts from
case histories did not provide sufficient informa-
tion. Therefore, based on the available data, we
can only state that in both the groups, mostly,
contracture occurred after extra-articular frac-
tures in the supracondylar region (33-A2 and 33-
A3 according to the AO/OTA classification) (see
Table 1). The formation of knee joint stiffness
in patients of both groups occurred more often
after conservative treatment and plate osteosyn-
thesis. This finding is consistent with the litera-
ture data. In the study by Mousavi et al.,in 11 out
of 27 treated patients (40.7%), extensor stiffness
was preceded by a fracture in the diaphyseal por-
tion, at the interface of the diaphysis and the su-
pracondylar region in 6 (22.3%) cases and in the
supracondylar region of the femur in 10 (37%)
cases. In 13 (48%) cases, a simple type of fracture
was noted, and, in 14 (51.9%) cases, a fragmen-
tary type was registered. When mentioning past
surgical interventions, the authors noted that the
formation of contracture was preceded by plate
osteosynthesis in 19 (70.3%), intramedullary os-
teosynthesis in 5 (18.5%), and external fixation
in 2 (7.4%) patients [36].

In group 1 (orthopedic hexapod), the maxi-
mum passive flexion achieved with ExFix was,
on an average, 25° greater than that in group 2
(Ilizarov apparatus) (see Table 4). Although the
frame was dismantled after reaching 90° of ac-
tive flexion, continued rehabilitation enabled
the achievement of the same amplitude that was
achieved in the ExFix device by month 9 after its
dismantling (Table 6).

A comparison of the groups revealed that the
maximum flexion in the frame did not exceed 90-
95°, as, at these angles, the length of the thread-
ed rod on the swivel hinge end. In the compari-
son group, the frame was also dismantled after
reaching 90° of active flexion. However, despite
the continuation of rehabilitation treatment, the
ROM remained the same or exceeded it by <5°.
After 12 months, the ROM in group 1 was, on an
average 20°, greater than that in group 2. Thus,
it can be assumed that the higher range of mo-
tion in group 1 was directly related to the higher
maximum flexion value achieved in the frame.

When analyzing the literature, we did not find
any studies on the use of an orthopedic hexapod
for the treatment of the knee joint extensor con-
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tractures. For comparison, we could find only two
papers that reported the treatment of extensor
contracture using soft tissue release in addition
to the use of the Ilizarov apparatus [21, 22].

Thus, Lee et al. reported the treatment of 10
patients with extensor contractures of the knee
joint and found the preoperative range of motion
in them averaged 25° (5-35°) [20]. As a result of
the treatment, the average range of motion re-
corded by the authors in the last cases (without
specifying the exact period of follow-up) was 93°
(85-105°) [21]. The authors noted that the range
of motion was the same as that at the time of dis-
mantling the apparatus or higher in all patients,
except one. The average values of the amplitude
of movements obtained by the authors were simi-
lar to the present results in group 2 for 12 months
after the frame dismantling.

Liu et al. reported a combination of soft tis-
sue release with the use of the Ilizarov appara-
tus for the treatment of 36 patients with exten-
sion knee joints stiffness. The mean ROM before
surgery was 13.8° (8-19°), after treatment, it was
102.9° (78-115°). On the other hand, the period
for evaluating the result was not specified [21].
When compared with group 1 of our study, the
indicator of the average range of motion was
higher than that recorded by Liu et al., but, in
group 2, the same indicator was lower. The high-
er performance noted by Liu et al. was probably
associated with the use of special spring pusher
hinges attached to the supports along the front
side, which enabled the achievement of a larger
flexion angle in the frame.

The analysis of the flexion-extension cycles
showed that, in group 1, after each cycle, the am-
plitude of active movements was greater than
that in group 2. At the same time, in group 2, less
time was spent completing the first 3 cycles than
that in group 2. To achieve an active ROM of 90°
in group 1, fewer cycles were required than that
in the comparison group. This is probably the
reason why the mean values of the MDP and the
ExFix period did not differ significantly.

The number of days of the flexion-extension
cycles 1, 2, and 3 was significantly greater in
group 1, as a greater flexion angle was achieved
in the ExFix device, which needed more time.
However, by cycle 4, this indicator equalized. It
took less time to complete cycle 5 in group 1 than
that in group 2. At the same time, 5 patients from
group 1 after cycle 4 had already achieved the ac-
tive flexion of 90°. The cycles 6 could not be com-
pared due to the large difference in the number
of patients (2 in group 1 and 33 in group 2). Six
cycles were required for 2 patients from group 1
due to a temporary suspension of the develop-
ment of movements from complications. In group
2, in 12 patients, the required amplitude was
achieved after cycle 6. The remaining patients
achieved an active flexion angle of 90° after cycle
7. When a larger flexion angle was reached in the
frame, a greater stretching of the QM and hence a
better function was achieved. This was probably
the reason why it took fewer cycles in the main
group to achieve active amplitude of 90°.

When compared with the data of both the
groups of our study, Lee et al. employed ExFix for

T

Dynamics of changes in the average ROM amplitude and scores (Me [Q25; Q75]) ables
Follow-up period mﬁ\%ﬂggg ? ggg_ KSS, score Lysholm, score LEFS, score
Before surgery 27.5[17.5; 40.0] 58.0[56.0; 62.0] 50.0 [45.5; 63.0] 28.0[24.0; 29.5]
After release 55.0[47.5; 67.5] - - -
After dismantling | o [95.0; 95.0] 74.0 [72.0; 76.5] 79.0 [76.0; 81.0] 51.5[47.5; 55.5]
the ExFix
After 3 months 100.0 [97.5; 102.5] | 80.0[79.5;81.5] | 84.5[83.0;86.0] 55.0 [58.0; 59.5]
After 6 months 110.0[105.0; 112.0] | 84.0[82.5;86.0] | 91.0[88.0;91.0] 67.5[62.5; 71.0]
After 9 months 115.0[115.0; 120.0] | 93.0[92.0; 95.0] 97.0 [95.0; 99.0] 71.5[70.5; 72.5]
After 12 months | 115.0[115.0;125.0] | 95.0[95.0; 96.5] 99.0 [97.0; 99.0] 73.5[72.5; 75.0]

16 2022;28(2)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES / KITMHUYECKWUE MCCNEOOBAHUA

longer (average 125 days). At the same time, the
authors did not provide any description of the
flexion-extension cycles and the assessment on
functional scales [20].

Liu et al. did not describe the aspects of the
flexion-extension cycles, except for the men-
tion that the amplitude of active movements
of 60° was achieved on an average of 28.5 + 4.3
days. These data indicated higher temporal and
functional characteristics than the character-
istics of cycle 1 of both the groups of our study.
Meanwhile, it should be noted that the values of
the amplitude achieved after the soft tissue stage
of surgery by Liu et al. were higher than that in
both the present study groups. Data on the pe-
riod of use of the Ilizarov apparatus were not pro-
vided by the authors [21].

After the frame dismantling in both the
groups, an increase in the mean scores on the
KSS and Lysholm functional scales was noted,
however, in group 2, the corresponding mean
scores were significantly lower. Based on the re-
sults of filling in the KSS questionnaire by the
patients themselves and the attending physician,
the causes of the lower average score in group 2
were determined. The difference was mainly at-
tributable to a smaller range of motion and the
signs of overstretching of the capsular-ligamen-
tous structures of the knee joint. The lower limb
function according to the LEFS scale at the time
of the ExFix device dismantling in both groups
did not differ. However, after 6 and 12 months,
the difference was significantly lower in group 2,
probably owing to the causes mentioned earlier.

We obtained a higher complication rate in both
the groups when compared to those reported by
Lee et al., who recorded inflammation of the soft
tissues around the wires and pins (complication
category 1) in 2 (20%) of 10 patients. This differ-
ence can be attributed to insignificant statistics
owing to the small number of cases.

CONCLUSIONS

The improvement of the knee joint ROM using an
orthopedic hexapod enables the achievement of a
greater angle of flexion and requires fewer flexion-
extension cycles. However, a comparative analysis
of the periods of movement development and the
total ExFix time in both groups indicated that the
hexapod had no significant advantages over the
Ilizarov apparatus. The values of the parameters

of the knee joint function when using the ortho-
pedic hexapod were greater than those when us-
ing the Ilizarov apparatus, possibly due to the
ability of the hexapod to provide a greater range of
motion in accordance with its natural kinematics.
The present results suggest that the use of an or-
thopedic hexapod to improve the knee joint ROM
is an effective approach for the treatment of its ex-
tension stiffness, in terms of wide application of
this technique in clinical practice.
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