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DYNAMIC STABILITY ASSESSMENT FOR MONITORING RECOVERY 
FROM ACL RECONSTRUCTION A HANDBALL CASE STUDY

Abstract: 
Efficient postural balance/stability reduces the risk of injuries and contributes to 
motor performance in many sports disciplines. Handball is one of the most chal-
lenging sports for the knee joint. Continuous demands in strength and jumping 
alterations in movements are observed among athletes who have suffered anterior 
cruciate ligament (ACL) injury. In handball, as a typical “contact” team sport, 
these demands are enhanced with tactical and technical elements that make it 
more challenging in terms of dynamic stability. The scientific literature provides 
scarce information regarding the best clinical practices for rehabilitation programs 
or standardized functional and clinical evaluation criteria for resuming the sport 
after injury, different jumping performance tests have been widely employed to 
determine the readiness for sports participation after ACL reconstruction.
For this study, a descriptive case study was performed. This single case study 
involving a male elite handball player presents an example of how OptoJump 
Next Drift Protocol can be beneficial in monitoring the recovery process after 
ACL reconstruction. After the two ACL reconstructions, two Drift Protocol tests 
were conducted and a comparison between the two tests during the rehabilitation 
process indicates improvement in multiple measures. After the first test, accord-
ing to the results, adjustments were made in order to balance the performance of 
both legs. At follow-up, 2 years after the second ACL reconstruction, the subject 
did not suffer any serious injuries in the meantime and had been pain-free since 
completing the rehabilitation program while continuing to participate in top-
level handball.
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INTRODUCTION

Balance is an individual ability to maintain the line of gravity within 
the base of support. It is an essential ability for performing daily life mo-
tor functioning. Balance is often classified as static or dynamic, whereas 
static balance is seen as the ability to make adjustments to maintain pos-
ture while standing still, and dynamic balance is the ability to make nec-
essary adjustments while the center of gravity and the base of support 
are in motion [1]. Efficient postural balance/stability reduces the risk 
of injuries and contributes to motor performance in many sports disci-
plines [2, 3]. Balance exercises are a key component of improvement in 
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dynamic stability in many team sports such are basket-
ball, handball, football, or rugby, where great demands 
on a player’s ability to change direction when running 
were placed [4, 5]. Understanding of physical capacities 
that contribute to agility performance in team sports 
has shown two components: leg power [6, 7], and dy-
namic stability [8, 6]. In handball, as a typical “contact” 
team sport, these demands are enhanced with tactical 
and technical elements that make it more challenging 
in terms of dynamic stability. Furthermore, these two 
physical capacities influence agility, but they also inter-
relate with each other. Handball is one of the most chal-
lenging sports for the knee joint. Continuous demands 
in strength and jumping alterations in movements are 
observed among athletes who have suffered anterior 
cruciate ligament (ACL) injury. Although handball is a 
sport with a lot of “rough” contact between players from 
opposing teams, prospective studies aimed at investigat-
ing the incidence and risk factors of handball injuries 
are scarce. However, there is evidence that ACL injury 
is one of the most common and severe injuries among 
handball players [9]. Since standard static balance tests 
are not sensitive enough to detect the subtle changes in 
the proper functioning of postural control, we decided 
to use the dynamic test OptoJump Next System (Mi-
crogate, Italy) which has been proved to be valid and 
reliable [10]. OptoJump Next Drift Protocol is a test 
developed for verifying an athlete's dynamic stability. 
Unilateral functional jump tests, such as Drift Protocol, 
were recommended to examine deficits between extrem-
ities after ACL reconstruction [11. 12]. 

This study aimed to assess dynamic stability after 
two separate (one year between left and right leg injury) 
ACL-reconstructions of a rehabilitated elite handball 
athlete. 

2. DRIFT PROTOCOL

The Drift Protocol is a test developed within Opto-
Jump Next System for assessing an athlete's dynamic 
stability. An athlete needs to perform four jumping 
tests one after another on one leg measuring his/her 
displacement (drift) on the vertical and horizontal axis. 
The dynamic stability in the Drift protocol is expressed 
as displacement of the jumping point during the execu-
tion of 5 consecutive vertical jumps for each of the four 
tests, as seen in Figure 1. 

The sequence of jumps in Drift Protocol is as follows:
 ◆ 5 jumps with RIGHT leg and feet PARALLEL to 

the OptoJump bars
 ◆ 5 jumps with LEFT leg and feet PARALLEL to 

the OptoJump bars
 ◆ 5 jumps with RIGHT leg and feet PERPENDIC-

ULAR to the OptoJump bars
 ◆ 5 jumps with LEFT leg and feet PERPENDICU-

LAR to the OptoJump bars
The execution of 5 consecutive jumps in a given order 

requires adequate motor control and efficient postural 
stability. These factors are very important for jumping 
performance and they determine a good score in this test.  

Figure 1 - Order of jumps in Drift Protocol
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Figure 2 - Example of standard output for Drift Protocol with different covered areas for left and right leg [13].

Each jump is displayed as a yellow dot; the two large 
red and green dots (left and right) represent the ath-
lete's tendency to move in a certain direction, whereas 
the dotted triangle indicates the 'stability area', as seen 
in Figure 2. 

The larger the displayed area, the more has the 
athlete drifted (moved away from the point of origin) 
when landing, and consequently his/her dynamic stability 
can be seen as lower [13].

3. METHODS

For this study, a descriptive case study was per-
formed. This single case study involving a male elite 
handball player presents an example of how OptoJump 
Next Drift Protocol can be beneficial in monitoring the 
recovery process after ACL reconstruction.

3.1. THE SUBJECT 

The subject was a handball player of the National 
team of Serbia. The subject suffered two ACL injuries 
(ruptures), the first one occurred when he was 18 years 
old on the left knee, and the second one a year later on 
the right knee. The first ACL reconstruction took place in 
November 2016, and the return to play happened at the 
beginning of August 2017. The second injury occurred 
in the September of 2017 followed by another ACL 
reconstruction in the same month. The second return 
to full training and competition was at the beginning  
of August 2018. After both ACL reconstructions subject 
was put through a controlled rehabilitation exercise pro-
gram for the knee joint stabilizing muscles and gradual 
strength training. It is worth noting that his dominant 
leg was left since leg dominance appears to play a role 
in the etiology of ACL injuries, i.e. female recreational 
soccer players and skiers are more likely to injure their 
non-dominant leg, whereas males tend to injure their 
dominant leg [14, 15, 16]. Although an ideal method to 
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Measure Drift Protocol 1 Drift Protocol 2

Left Right Delta% Left Right Delta%

Average height[cm] 16.2 26.0 -60.3% 19.5 27.5 -41.3%

Average power[W/Kg] 16.17 23.44 -44.9% 18.25 25.46 -39.5%

Average contact time[s] 0.450 0.416 7.5% 0.418 0.389 7.1%

Average flight time[s] 0.364 0.460 -26.7% 0.398 0.473 -19.0%

Average LEFT/RIGHT drift[cm] 1.0 -0.5 151.2% 0.7 4.0 -519.2%

Average FRONT/BACK drift[cm] -1.6 -1.9 -23.8% -1.4 -6.0 -319.3%

Standard deviation  
LEFT/RIGHT drift [cm]

8.9 25.0 -180.9% 5.0 22.0 -343.6%

Standard deviation  
FRONT/BACK drift [cm]

14.4 22.7 -58.0% 16.6 30.9 -86.3%

Area [cm2] 511.2 2268.4 -343.8% 329.8 2725.7 -726.5%

Power Density

[W/Kg/dm2]
3.16 1.03 67.3% 5.53 0.93 83.1%

Table 1 – Drift protocol 1 and 2 parameters for the left knee rehabilitation monitoring

determine leg dominance is still lacking, we agreed to 
define his leg dominance as the leg he would use when 
required to push off the ground and then throw a ball, as 
previously described in handball [17]. The exercise pro-
gram effects and rehabilitation process was monitored 
by Drift Protocol test on two occasions after both ACL 
reconstructions. 

4. RECOVERY MONITORING 

4.1. THE FIRST ACL RECONSTRUCTION RECOVERY 
MONITORING

After the first ACL reconstruction on the left knee, in 
November of 2016, the subject underwent a controlled 
rehabilitation exercise program for the knee joint stabi-
lizing muscles and gradual strength training. 

The first control/recovery monitoring by Drift Pro-
tocol testing was performed on 25 April 2017 and the 
second one on 17 June 2017. The results of the two tests 
are compared in Table 1.

As shown in Table 1, the standard output report of 
Drift Protocol consists of 10 measures to consider. A 
simple comparison between the two tests indicates im-
provement in several measures: average jump heights 
for both legs were higher on the second testing (left – 
from 16.2 to 19.5, right from 26.0 to 27.5 cm); lower 
difference between the jump heights for both legs (Delta 

60.3% to 41.3%); average power output increased for 
both legs (left – from 16.17 to 18.25 W/Kg, right – 23.44 
to 25.46 W/Kg); average contact time with surface de-
creased and average flight time increased for both legs. 

However, some measures have shown a certain 
inconsistency. Namely, the average left drift has im-
proved from 1.0 to 0.7 cm, but the average right drift 
deterred from -0.5 to 4.0. A similar pattern was noticed 
in average front/back drift with left leg improvement 
from -1.6 to -1.4 cm, whereas the right leg drifted from 
-1.9 to -6.0 cm. Quite the same scenario happened in a 
measure of 'stability area' which decreased for the left 
leg from 511.2 to 329.8 cm2, while the right leg covered 
a larger area in the second test increased from 2268.4 
to 2725.7 cm2. These findings could be explained with 
a more focused rehabilitation exercise program for the 
knee joint stabilizing muscles and strength training of 
the left leg in comparison to the right leg. After these 
findings, the physiotherapist continued to supervise the 
subject’s rehabilitation exercise program which was ad-
justed to a more balanced approach.

http://sinteza.singidunum.ac.rs


Sinteza 2022
submit your manuscript | sinteza.singidunum.ac.rs

IT Applications in Sport Session

266

SINTEZA 2022
INTERNATIONAL SCIENTIFIC CONFERENCE ON INFORMATION TECHNOLOGY AND DATA RELATED RESEARCH

Measure Drift Protocol 1 Drift Protocol 2

Left Right Delta% Left Right Delta%

Average height[cm] 22.2 18.1 -20.3% 24.7 19.2 22.0%

Average power[W/Kg] 22.17 16.44 -29.7% 24.46 17.97 26.5%

Average contact time[s] 0.370 0.482 26.3% 0.356 0.442 -24.4%

Average flight time[s] 0.421 0.311 -28.7% 0.448 0.396 11.7%

Average LEFT/RIGHT drift[cm] -1.5 4.6 101.2% -1.8 3.1 271.2%

Average FRONT/BACK drift[cm] -6.6 -10.9 -49.8% -5.7 -10.3 -79.9%

Standard deviation  
LEFT/RIGHT drift [cm]

9.9 6.2 45.9% 11.7 5.3 54.5%

Standard deviation  
FRONT/BACK drift [cm]

7.4 27.7 -115.6% 6.0 25.4 -326.6%

Area [cm2] 295.2 658.4 -76.8% 278.8 541.1 -94.1%

Power Density

[W/Kg/dm2]
7.76 2.63 98.3% 8.77 3.32 62.1%

Table 2 – Drift protocol 1 and 2 parameters for the right knee rehabilitation monitoring

4.2. THE SECOND ACL RECONSTRUCTION RECOVERY 
MONITORING

After the second ACL reconstruction on the right 
knee, in September of 2017, the subject was put through 
a rehabilitation process that included an exercise pro-
gram for the knee joint stabilizing muscles and gradual 
strength training. 

The first control/recovery monitoring by Drift Pro-
tocol testing was performed on the 9 of March 2018 and 
the second one on the 13 of April 2018. Before Drift 
Protocol testing began, the subject performed a stand-
ardized warm-up consisting of basic athletic drills and 
unilateral jumps that are used in the given testing protocol. 
The results of the two tests are presented in Table 2.

As detailed in Table 2, a comparison between the 
two tests during the rehabilitation process indicates im-
provement in multiple measures: average jump heights 
for both legs were higher on the second testing (left – 
from 22.2 to 24.7, right from 16.44 to 17.97 cm); average 
power output increased for both legs (left – from 22.17 
to 24.46 W/Kg, right – 16.44 to 17.97 W/Kg); average 
contact time with surface decreased (left – from 0.370 to 
0.356 s, right from 0.482 to 0.442 s), and average flight 
time increased for both legs (left – from 0.421 to 0.448 
s, right from 0.311 to 0.396 s). Moderate improvements 
were registered in average front/back drift with left leg 
improvement from -6.6 to -5.7 cm, whereas the right leg 

drifted from -10.9 to -10.3 cm. A similar scenario was 
noticed in the measure of 'stability area' that decreased 
for both legs (left leg – from 295.2 to 278.8 cm2, right leg 
from 658.4 to 541.1 cm2).

Similar to the results from Table 1, with the left knee 
rehabilitation monitoring parameters, some measures 
have shown a certain inconsistency, but to a lesser con-
tent. First of all, there was a higher difference between 
the jump heights for both legs (Delta -20.3% to 22.0%) 
which can be explained by a fact that the subject has 
a dominant left leg. Another difference was noticed in 
one of the drift measures. Namely, the average left drift 
slightly decreased from -1.5 to -1.8 cm, whereas the right 
drift improved from 4.6 to 3.1 cm. These findings indi-
cate that the second rehabilitation exercise program for 
the knee joint stabilizing muscles and strength training 
of the right leg was an improvement in comparison to 
the left leg rehabilitation process. Furthermore, at fol-
low-up in October 2019, 2 years after the second ACL 
reconstruction, the subject did not suffer any serious 
injuries in the meantime and had been pain-free since 
completing the rehabilitation program while continuing 
to participate in top-level handball.
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5. CONCLUSION

Although the scientific literature provides scarce 
information regarding the best clinical practices for 
rehabilitation programs or standardized functional and 
clinical evaluation criteria for resuming to the sport after 
injury, different jumping performance tests have been 
widely employed to determine the readiness for sports 
participation after ACL reconstruction [18]. OptoJump 
Next Drift Protocol, as a test developed for verifying an 
athlete's dynamic stability, has been proved to be valid 
and reliable [10]. As detailed above, the perceived ben-
efits of using OptoJump Next Drift Protocol in moni-
toring the recovery process after ACL reconstruction, 
were evident. The medical team that was taking care of 
the subject’s rehabilitation program, after the first ACL 
reconstruction conducted two Drift Protocol tests. After 
the first test, following the obtained results, adjustments 
were made in order to balance the performance of both 
legs. These findings prove to be useful in planning the 
second ACL rehabilitation program, where the subject 
achieved more balanced scores in the majority of Drift 
Protocol measures. 
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