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MEDICAL REHABILITATION OF HIGH PERFORMANCE ATHLETES AFTER RECONSTRUCTION
OF ANTERIOR CRUCIATE LIGAMENT OF THE KNEE

Boichenko RA, Gornov SV =
Federal Research and Clinical Center for Sports Medicine and Rehabilitation of the Federal Medical Biological Agency, Moscow, Russia

The professional activity of high performance, or elite sportsmen involves loads approaching extreme exertion, which often leads to injuries of the lower limbs.
Anterior cruciate ligament (ACL) injury is one of the most common types of knee injuries. This study aimed to evaluate the effectiveness of a comprehensive
rehabilitation program for athletes that underwent arthroscopic ACL reconstruction. The study involved 64 athletes aged from 17 to 31 years. Treatment group
participants were offered a comprehensive medical rehabilitation program that included isokinetic training sessions on the TECNOBODY IsoMove biomechanical
exercising machine; the sessions followed a purpose-designed method. The results of medical rehabilitation of the athletes were assessed through gait analysis
done with a DIERS Motion 4D complex. The assessments took place 8 and 15 weeks after the reconstruction. At 8 weeks after the surgery, gait analysis parameters
revealed no significant differences between the groups. Fifteen weeks after the reconstruction, when treatment group (TG) members were through all the isokinetic
training sessions, the results were as follows: for the Stand Time parameter, the operated limb (OL) support deficit was 0.04% compared to the healthy limb (HL)
support, and for the Single Limb Support parameter it was 3.71%, while in the control group (CG) that had no isokinetic training sessions the values were 12.44%
and 18.55%, respectively. As for the Swing Time parameter, TG participants showed the deficit of HL transfer symmetry (relative to OL) of 3.99%, while the value
of this parameter in the CG was 20.54%. The difference is significant, which proves the effectiveness of the developed isokinetic training method as part of the
comprehensive medical rehabilitation program, the application of which resulted in faster recovery of muscle strength and compromised walking-associated support
and locomotor functions in TG athletes.
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MEOVLVHCKAS] PEABUNTUTALINSA B CMOPTE BbICLLUUX JOCTUXXEHUW NMOCNE PEKOHCTPYKLMN
NEPEAHEN KPECTOOBPA3HOWN CBA3KW KOJIEHHOIO CYCTABA

P. A. Boryenko, C. B. lopHos =
DefepanbHbI HayHHO-KIMHUYECKUI LIEHTP CMIOPTUBHOW MEAMLVHBI 1 peabunuTaummn PegepanbHOro Meamnko-6ronornydeckoro areHTctea, Mockea, Poceusa

MpodbeccuoHanbHas AedTenbHOCTb CMOPTCMEHOB CNopTa BbICLLUMX AOCTUXKEHUIA B YCOBUAX HArPY30K, BNM3KNX K SKCTpemMasbHbIM, YacTo MPUBOAUT K TpasmMam
HIDKHEN KoHeYHOCTW. oBpexxaeHve nepegHen kpectoobpasdHoi ceaskm (NMKC) — oaunH 13 Hanbonee pacnpoCTpaHeHHbIX BUOOB TPaBM KOMIEHHOMO CycTasa.
Llenbto nccnenoBaHms 66110 OLEHUTE 9DHEKTVBHOCTE KOMMIEKCHOW MPOrpaMMbl peabunTaLyin CopTCMEHOB MOCHE apTPOCKOMNMHECKOM PEKOHCTPYKLN MKC.
B vccnenosaHun yqacteoBann 64 crnoptcmeHa (0T 17 no 31 roga). YdacTHMKaM OCHOBHOW Mpymrbl, MPOXOAVBLUMM KOMMMIEKCHYIO MporpaMmy MeanLMHCKOM
peabunuTaumm, NPOBOAWIM N3OKNHETNHECKIE TPEHNPOBKIM Ha BriomexaHndeckomM kommnekce TECNOBODY IsoMove no paspaboTtaHHoi MeToavke. PesynsraTsl
MELMLMHCKON peabunmTaLmy CrnopTCMEHOB OLEHMBANM NMyTeM aHanm3a noxogki Ha annapatHoM komnnekce DIERS Motion 4D yepes 8 n 15 Hepenb nocne
onepauun. Yepes 8 Hefdenb Nocie onepaumn He HabNtoAaNoCh CTaTUCTUHECKM 3HAYMMBIX PasNYMIA B rpynnax no napamMeTpam aHaimsa noxogku. Yepes 15
HeZlenb noce onepauyn no 3aBepLUEHNM UBOKUHETUHECKX TPEHNPOBOK Y CMOPTCMEHOB OCHOBHOM rpynnbl (O) no napameTtpy Stand time aecvumT B onope Ha
OnepupoBaHHYO KoHe4HOCTb (OK) oTHOCKUTENBHO 300P0BON kKoHe4YHOCTH (3K) cocTasnn 0,04%, No napameTpy «0gMHOYHas nogaepkka» — 3,71%, B cpaBHeHWN
CO cropTCMeHamm rpynbl KNMHMYeckoro cpasHeHus (FC), y koTopblx No napameTtpy Stand time aeduvumt B onope Ha OK otHocuTensHo 3K coctasun 12,44%,
no napameTpy «0anHoYHas nopaepxka» — 18,55%. [lo napametpy Swing-time y cnoptecmeHoB O gecbuumt B cummetpumn nepeHoca 3K otHocutensHo OK
coctaBun 3,99%, a y cnoptcmeHoB 'C — 20,54%, 4TO CTATUCTUHECKU 3HAYMMO U JOKAa3bIBaET 3(PMEKTUBHOCTL Pa3paboTaHHOM METOLNKN N3OKUHETUHECKIMX
TPEHNPOBOK B KOMMIEKCHOW MporpaMMe MeAMLMHCKOM peabunutaumn, 4To npviseno K 6onee ObICTPOMY BOCCTAHOBMEHMIO MbILLEYHON CUbl, HapyLLEHWI
OMOPHOW 1 JTIOKOMOTOPHOW PyHKUMM X0ab0bl y crnopTcMeHos Or.

KnioueBble cnosa: KC, apTpocKonu4, peaGMﬂMTauMﬂ, NBOKNHETNHECKME TPEHNPOBKIN, aHaIn3 NOXOOKN, BbICOKOKBaﬂMCpIALLI/IpOBaHHbIe CMNOPTCMEHbI
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Anterior cruciate ligament (ACL) reconstruction is the main  alpine skiing, etc. [1, 2]. Every year, about 3% of amateur
method of treatment of ruptured ACL in elite athletes. Non-  athletes suffer ACL injuries. In the high performance sports
contact ACL injuries are most common in athletes aged 15-40  realm, this figure can go up to 15% [2]. Women are two to
years that practice sports involving sharp changes of the  eight times more likely to damage the ACL, a probable reason
movement biomechanics: football, handball, rugby, volleyball,  thereof being the differences in neuromuscular patterns in
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men and women during and after puberty [3, 4]. Studies have
shown that 35% of elite athletes fail to achieve their previous
level of performance within two years after injury [5]. In 2015,
Federal clinical guidelines "Rehabilitation of Knee Capsular
Ligaments Injuries (Surgical Treatment)" were published [6].
The rehabilitation includes four stages. Duration of the first
(early postoperative) and second (late postoperative) stages is
up to three to four months, that of the third stage (pre-training)
is up to six months, fourth stage (training) — up to a year.
Some authors have identified the following timeframes in the
four main stages of rehabilitation of patients with ACL injury:
early postoperative (1 week); late postoperative (2—4 weeks);
functional (5-8 weeks); training and recovery (9-24 weeks)
[7]. The program of post-ACL reconstruction rehabilitation [8]
allows strength training in the training and recovery period
(9-32 weeks) from the ninth week; such training involves use
of cable (pulley) machines to load knee and hip joint during
flexion and extension exercises. High-class athletes need more
advanced exercises to restore muscle strength of quadriceps
and hamstring muscles, and these exercises should not put the
ACL autograft in danger. Currently, biomechanical exercising
machines capable of providing biofeedback meet these
requirements better than any other option.

Athletes need accelerated rehabilitation programs, since a
long path back to loads common to competitions can translate
into deterioration or loss of their professional skills. There are
some general post-ACL reconstruction care trends adopted by
the orthopedic community, but there is neither a standardized
protocol nor an established timeframe for returning to the
competition level training loads [9]. Therefore, the rehabilitation
of athletes after ACL reconstruction is an urgent topic today.

This study aimed to design a comprehensive rehabilitation
program for athletes after arthroscopic ACL reconstruction,
develop the isokinetic exercising technique that relies on the
TECNOBODY IsoMove biomechanical exercising machine and
evaluate the effectiveness thereof.

Table 1. Federal Clinical Guidelines (Recommendations) Program

METHODS

By design, this study was a prospective controlled non-
randomized study; it involved 64 athletes aged 17-31 years,
all practicing sports that imply extreme locomotor activity;
all had their ACL reconstructed. Gender-wise, we recruited
38 (59.4%) women (mean age 22 + 4.2 years) and 26 (40.6%)
men (mean age 26 + 4.8 years). In all cases, the surgery took
place less than a week after the athletes were diagnosed
with ACL rupture. The ligament reconstruction materials
were autografts of tendons of the semitendinosus and tender
muscles, tendons of the long peroneal muscle.

The inclusion criteria were: age 16-40 years; first ever
arthroscopic ACL reconstruction with/without partial resection
of the meniscus, with/without arthroscopic meniscus suture.

The exclusion criteria were: age below 16 and over 40 years;
arthroscopic interventions on adjacent and contralateral joints
of the lower limbs; history of knee osteoarthritis; refusal to
participate at any stage of rehabilitation.

The total duration of the study was 38 months (from
October 2018 to November 2021).

We compared effectiveness of the designed
comprehensive rehabilitation program and the one
suggested by the Federal clinical guidelines "Rehabilitation
of Knee Capsular Ligaments Injuries (Surgical Treatment)"
(hereinafter referred to as the Recommendations) in the
context of rehabilitation of athletes. The comparison
necessitated division of the participants into two groups:
treatment group (TG) of 30 individuals that were rehabilitated
following the purpose-designed program, and control
group (CG) of 34 athletes whose rehabilitation followed the
Recommendations.

The rehabilitation of all participating athletes was organized
at the Federal Research and Clinical Center for Sports Medicine
and Rehabilitation of the Federal Medical Biological Agency.
The programs started 3-4 weeks post surgery, which is the

Period Timeframe

Treatment plan

Isometric muscle tension.

Full extension within 2-3 weeks.
Passive movements of the patella.
Electromyostimulation.

1, early
post-surgery

up to 34

General developmental exercises for the contralateral limb.
Dynamic exercises for non-immobilized joints of the ipsilateral limb.
Knee brace allowing leg bending at an angle of 160-150°, which is gradually brought to 100-90°.

Training to use a functional splint and walk with crutches

months i e .
Removal of immobilizing bracing.

Self-assisted dynamic exercises.

I, late
post-surgery

Hydrokinesitherapy.
Massage

Relaxation exercises, active-passive exercises.
Isometric muscle contractions in limited amounts.
Postural exercises (postural treatment techniques).
Mechanotherapy with cable (pulley) machines.

Hydrokinesitherapy (swimming).

I, up to 6
pre-training months

stapler, etc.).
Massage.
Dynamic electrical stimulation.

Therapeutic gymnastics (walking training, running, complexly coordinated exercises with additional weights and resistance).

Mechanotherapy (pendulum type and isokinetic devices for muscle training), exercise machines (bicycle ergometer,

Training sessions adjusted to factor in the phase of postoperative restructuring of connective tissue structures and the
functional state of the periarticular muscles

1V, training up to 1 year | of the practiced sport

Recovery of special locomotor skills

Training of special locomotor capabilities, with the set compiled by a sports coach to factor in specifics
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Table 2. Comprehensive program of medical rehabilitation of athletes after surgery on the knee joint

Criteria for transition to the
Phase Timeframe Treatment plan next phase and completion of
rehabilitation
Extension exercises with a towel roll under the heel, hanging the lower leg out while lying
on the stomach on a couch.
Motor retraining of the quadriceps femoris muscle (electromyostimulation).
Knee brace locked in the full extension position (1st week), then a 30° bend (2nd week).
Crutches-assisted limited loading of the limb (1st week — 25%, 2nd week — 50% of body | Ability to raise the operated leg when
weight) [11]. it is straightened. Absence of
Arbitrary tension of the anterior and posterior thigh muscle groups, gluteal muscles. flexion-related contracture
| up to2 Mobilization of the patella. manifestations.
weeks Active flexion/passive extension of the knee joint while sitting on a couch; the range is Knee joint motion range from 0 to 60°
0-60°, repetitions assisted with the healthy leg. (assisted).
Straight leg raises (in all planes). Absence of pain the operated limb
For leg raises from supine position the knee brace should be locked at 0°. when loaded
Exercising on a bicycle ergometer with a short pedal crank.
Resistance exercises for thigh muscles.
Cardio training and training for the upper shoulder girdle (as tolerated).
Local cryotherapy
Knee brace bending limits: up to 60° (3rd week), up to 90° (4th week), up to 120° (5"
week), up to 140° and more (from the 6" week) [11].
Increased reliance on the operated limb for support (monitor severity of the pain), in the
absence of antalgic elements in the gait - refusal of crutches.
Exercising on a standard bicycle ergometer (when the knee starts to bend for over 115°). Knee joint motion range from 0 to
Active and assisted exercises aimed at extending the range of motion. 140°.
Mini squats/shifting body weight from side to side. Normal gait type.
Proprioceptive training on unstable platforms, on simulators like a gymnastic spin, with Ability to step up to a platform
1] Weeks 3-6 | elastic bands on the opposite limb. 20 cm high.
Beginning of step-up training (step platform height — 10, 15, 20 cm). Restoration of mobility of the patella.
Training on the stair climber. Improvement of functional indicators,
Straight leg raises with progressive resistance as registered with arthrometry and
Hamstring and posterior chain muscles training with progressive resistance. motor tests
Improvement of elasticity of the musculoskeletal system of back of thigh and lower leg.
Hardware arthrometry of the knee joint 6 weeks after surgery; no manual examination with
application of maximum traction force to the lower leg should be done.
Lymphatic drainage massage, electrical stimulation, magnetotherapy, US therapy
Squats.
Beginning of step-down training.
Leg presses.
Lunges. - .
Knee joint extensions in isotonic mode, range 90 to 40° (preference should be given to Un_ll_m|ted knee joint mover_nent.
h ] ’ . . Ability to descend stairs with a step
exercises in a closed kinematic chain). ; . . N
) ) - . ) height of 20 cm without pain, with
I Weeks Advanced proprioceptive training (active unbalancing). good control of the leg
7-14 Training on the TECNOBODY IsoMove biomechanical exercising machine. A
L . . Improvement of functional indicators,
Agility development exercises (with stretch cords). . .
L as registered with arthrometry and
Reverse ladder training.
. ] motor tests
Backward walking/running.
Thigh and calf muscles stretching.
Arthrometry 3 months after surgery.
Adjustment of the home training program based on the results of dynamic observation
Running, if the patient descends from a 20 cm step platform successfully.
More advanced/difficult strength and flexibility exercises. Symmetric painless running.
Weeks Advanced sport-specific agility exercises. Minimum symmetry between limbs in
\% 15-21 Plyometric training, if the adequate muscle strength level has been achieved. the jump test — 75%.
Knee joint extensions in isotonic mode, full movement range, no pain neither crepitus Progress in functional training.
(preference should be given to exercises in a closed kinematic chain). Successful passing of the functional
Home rehabilitation program based on the results of dynamic monitoring of the patient
Strength training for the lower limbs with sport-specific elements. Muscle strquth deﬂc.lt '?SS tlhan_
X X 15%, as registered with isokinetic
Advanced program of plyometric exercises. testin
Use of the knee brace when practicing sports. 9- )
h o o o ) . . Symmetry over 85%, as registered
from week | Dynamic monitoring of the patient's condition and assessment of his/her complaints (pain, f . : )
\% 29 swelling). W|thla smglg leg jump test. No pain
Adjustment of the rehabilitation program, if necessary. nor instability during all sport-specific
) ) . movements.
Persuading the patient to work out at home on a regular basis. - .
Flexibility as required for the
Arthrometry 6 months after surgery .
particular sport

biofeedback. Isokinetic training of muscles in the concentric
mode delivered a significant improvement of the quadriceps
and hamstring muscle strength (average and maximum torque
at angular velocities of 30 and 60° per second) [10]. Biodex
3 System (Model 333-250; Biodex Medical Systems, Shirley;
USA) was employed with the following parameters: angular
velocity of 180° per second, three sets of 20 repetitions twice
a week.

Il phase in the timeframe of the purpose-designed program. Al
participants attended the sessions 3 times a week.

The Recommendations program [6] is divided into four
periods (Table 1).

The comprehensive rehabilitation program designed in the
context of this study has five phases (Table 2).

The comprehensive program of medical rehabilitation
included isokinetic training on a machine providing
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We have proposed a technique involving the TECNOBODY
IsoMove biomechanical complex (Figure 1). Isokinetic exercises
had the knee flexors and extensors loaded in the concentric
mode, with the range of motion from 20 to 110° and angular
velocity of 30° per second. The sessions took place twice a
week; for the first two weeks, the number of repetitions was 10,
then the routine changed to three sets of repetitions for the first
two weeks, then twice a week, three sets of 15 repetitions for
the next 2 weeks, then three sets of 20 reps for two weeks and
then a week with three sets of 20 repetitions. The total number of
sessions was 15. The movements started with extension of the
knee joint. First, the healthy limb was trained, then the operated
one. These training sessions began eight weeks post surgery.

Eight weeks post surgery, during the Il phase of the
rehabilitation, both groups had the following parameters/
indicators assessed: impairments in the support and locomotor
functions; lower limbs load distribution symmetry (enabled by
DIERS Motion 4D, Figure 2) in the gait analysis mode (pedogait)
at the speed of 3 km/h. The repeated control examinations
took place 15 weeks post surgery at the end of the isokinetic
training program.

The stride cycle (SC) for each limb consists of two main
phases, support phase and transfer phase. The duration of the
support phase is 58-61% of the SC, that of the transfer phase is
42-39%. The distinction is made between right and left SC, with
the two constituting the act of walking [12, 13]. We evaluated
CS phases of OL and HL and compared the respective results
registered in the TG and the CG. The evaluated parameters
were Stand time (%), which is the time the limb supports from
the moment the toe is off the ground to the moment heel of
the contralateral limb accepts the load; Swing-time (%), which
is the time of transfer of the non-supporting limb; Single limb
support (%); Load sensitivity (%); Pre-swing (%), which is the
time from resting on the toe to bouncing off (Fig. 3). The
first three parameters were statistically significant for the
comparison.

Statistical processing of the results was done manually in
Microsoft Excel and Statistica for Windows v. 5.1. To establish
significance of the differences we used Student's t-test. The
differences (t) were considered statistically significant at p < 0.05.

RESULTS

The following criteria were chosen for an objective assessment
of effectiveness of the programs compared: pain assessment
on a visual analogue scale (VAS), range of motion, zigzag jump
test, stride parameters in gait analysis.

The participants took the jump test 15 weeks after surgery.
In the TG, less than 75% symmetry between limbs during the
jump was seen in two athletes (6.7%), while in the CG it was
registered in nine athletes (26.5%).

In the TG group, four athletes (13.3%) reported pain of
4 VAS points and one (3.3%) — 5 VAS points; in the CG, seven
participants (20.6%) put the pain sensation at 4 VAS points
and two (5.9%) at 3 VAS points. Three months later, only one
athlete (3.3%) reported pain of 2 VAS points in the TG, and in
the CG the respective number of participants was 3 (8.8%).

A month later, the recorded active flexion radius in both
groups was 100-110°, and passive flexion ranged up to 115-130°.
One athlete from the TG had active extension limited to 7° and
passive extension to 3°. After months later, no contractures
were registered in any of the groups.

Stability tests (Lachman drawer test, pivot shift test)
performed 15 weeks later revealed no positive symptoms in any
of the TG athletes. In the CG, these tests allowed registering a

Fig. 1. TECNOBODY IsoMove biomechanical exercising machine

)

Fig. 2. DIERS Motion 4D complex

slight anterior translation of the lower leg with a clear final point.

Table 3 shows the results of assessment of violations of the
support and locomotor functions, lower limbs load distribution
as registered with the DIERS Motion 4D complex.

Eight weeks after surgery, there were no significant
differences found between groups in the parameters of support
and locomotor functions violations as registered and analyzed
with the DIERS Motion 4D complex. However, fifteen weeks
after the reconstruction, when the TG members were through
all the isokinetic training sessions, the results were as follows:
for the Stand Time parameter, the OL support deficit was
0.04% compared to the HL support, and for the Single limb
support parameter it was 3.71%, while in the CG the values
were 12.44% and 18.55%, respectively. As for the Swing Time
parameter, TG participants showed the deficit of HL transfer
symmetry (relative to OL) of 3.99%, while the value of this
parameter in the CG was 20.54%.

DISCUSSION

The results of the gait parameter analysis for the TG participants
indicate a more effective recovery of muscle strength of the
knee joint stabilizers, healing of disorders of the support and
locomotor functions in the postoperative period that included
isokinetic training, which implies resistance when a certain
angular velocity is reached, translating into load for exercised
muscles. These findings are consistent with those reported by
other authors earlier [9, 10]. Therefore, the resistance that the
athlete has to overcome is adaptable, it changes constantly
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Fig. 3. Gait parameters on the DIERS Motion 4D complex
Table 3. Comparison of the results of examinations of participating athletes
TG (n=30) CG (n=34)
Gait parameters Me/Q,/Q,
HL oL HL oL

Stand time, %

After 8 weeks

68,6/68,03/ 69,75

57,6/55,23/ 59,78

69,15/ 67,05/ 50,45

55,70/ 50,45/ 56,9

Single limb support, %

42,9/37,65/45,23

31,9/31,4/32,6

44,1/ 43,48/ 48,43

31,35/ 30,13/ 32,73

Swing-time, %

31,4/30,3/32

42,4\40,2/44,8

30,85/29,43/ 34,73

44,3/43,1/49,55

Sensitivity to load, %

12,35/11,23/15,4

13,4/11,33/15,58

11,85/10,9/12,3

12,25/11,9/14,18

Pre-swing, %

15,1/12,56/16,7

11,95/11,6/14

12,05/11,6/13,65

11,65/ 11,33/ 13,08

Stand time, %

After 15 weeks

65,8/64,4/69,2

63,7/63/65,5

67,5/65,3/68,7

59,1/58,7/60,3

Single limb support, %

36,4/31,1/37,1

35,05/31,2/35,8

41,5/40,2/42,7

33,8/31,6/34,7

Swing-time, % 34,85/31,55/35,58 36,3/33,65/36,98 32,5/31,3/34,68 40,9/39,73/41,28
Sensitivity to load, % 15,2/14,3/18,5 14,7/18,1/18,1 13,4/12,7/14,8 18,56/12,7/14,1
Pre-swing, % 15/14/18,7 15,25/14,2/18,4 13,3/12,7/14,6 13,4/12,9/14,5

Note: Me — (median); Q, is the 25% quartile; Q, is the 75% quartile; differences between TG and CG at p < 0.05.

in proportion to the effort exerted. As a result, the process of
muscle strength recovery gain in effectiveness.

healing of the support and locomotor function disorders,
poor symmetry in the distribution of load on lower limbs. 2. The

use of equipment providing biofeedback for rehabilitation of

CONCLUSIONS

athletes allows speeding this process up and thus have the

athletes recover their competition level capabilities sooner. 3.

1. The designed comprehensive post-ACL reconstruction
medical rehabilitation program for elite athletes has proven
to be effective in restoring the knee joint stabilizer strength,
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