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Return to Sports
and Proprioception

Hayri Baran Yosmaoglu and Emel Sonmezer

13.1 Introduction
The return to sport is one of the most important
phase in the rehabilitation of sports injuries. Many
protocols and guides have been published on when
it should take place after the various sports inju-
ries. When examining the return criteria to sports
contained in these guides, it is seen that the return
to sport is associated with many factors. The type
of injury, injury severity, the level of sport, and the
intrinsic and extrinsic risk factors that will cause
reinjury are some of them [1]. Besides, psycho-
logical, ethical, social, and legal factors other than
injury that may affect the return to sport may need
to be considered. When all these factors are taken
into account, the difficulty of establishing a stan-
dard model based on scientific evidence, covering
all injuries and sports is obvious. Nevertheless,
various models and algorithms have been defined
that can guide the decision to return to sport based
on evidence [1, 2].

“How much is the effect of the sense of pro-
prioception on the decision to return to sport?” In
order to be able to answer this question correctly,
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the components of the decision to return to sport
must be well analyzed. In this section, the factors
effecting to return to sport following sports injury
and the place of proprioception in return to sport
and its effect on reinjury were examined in detail.

13.2 Evidence-Based Decision
of Return to Sport

The return to sport, which is one of the main parts
of the rehabilitation program after sports injuries,
is one of the most important phases in terms of
restoration of sportive performance. This phase
of rehabilitation consists mainly of a variety of
exercises based on strength, endurance, flex-
ibility, agility, and restoration of reaction time.
However, the sport-specific requirements that
need to be improved are different for every ath-
lete and injury. Therefore, the rehabilitation
program needs to be designed and implemented
individually. Perhaps the most critical decision
on the return to sport is the timing of the return
after injury. Timing is crucial to the risk of rein-
jury; therefore, efforts have been made to estab-
lish standards based on evidence to help ensuring
that the decision to return to sport is given cor-
rectly [2]. It is defined that there are three basic
evidence-based steps of the decision of the return
to sport. These are: Evaluation of health status,
participation risk, and decision modification [2].
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The first step, evaluation of health status, is
to assess whether the patient’s general health sta-
tus has reached the normal state before injury.
Undoubtedly, the key factor that affects the deci-
sion in this step is tissue damage and the cor-
rect assessment of how well the injured tissue
healed. However, it is of utmost importance that
what extent the improvement in the measured
tissue damage in this period or the decrease of
symptoms affect the athlete’s functional ability.
Therefore, evaluation of improvement performed
at this stage contains the subjective outcome
measures and functional tests to be performed in
clinics or field. The second step is the evaluation
of participation risk. What should be assessed
at this stage is to analyze how much the specific
requirements of the sport are met by the athlete.
For example, the sport-specific requirements and
sport-related expectations of a football player
and swimmer with an anterior cruciate ligament
injury are different. This difference can even be
observed in players playing in different positions
in the same sport. For example, the risk of partici-
pating in a sport following upper extremity injury
may be different for a goalkeeper and midfielder.
Similar differences are also affected by factors
such as competition level and effectiveness of
the use of protective equipment [2]. Therefore,
it is a very important advantage that the clinician
has a good understanding of the athlete’s special
position for that sport and knowledge of the sport
features. The third stage that affects the decision
to return to sports is decision modifiers. These
are external factors that are usually independent
of the medical condition of the athlete resulting
from injury. The situations such as the condition
of the contract of the athlete, expectation from his
career, the occurrence timing of the injury (inside
or outside the season), and pressure of a coach
or manager are the basic examples for the fac-
tors that modifies decision for the return to sport.
Sometimes these factors can be much more effec-
tive than it is predicted. For example, an athlete
who has come to the end of his/her career and
is perhaps on the brink of losing his/her biggest
contract can take considerably bigger risk.

13.3 The Role of Proprioception
in the Return to Sport

The requirements for high level sportive activity
are defined as strength, power, endurance, flex-
ibility, balance, proprioception, speed, and agility
[3]. As it is seen, proprioception is defined as a
requirement for top-class sporting performance.
However, although proprioception is the primary
criteria for the decision to return to sport, it is
not usually tested as isolated in practical applica-
tions. There are two reasons for this: First, there
is no gold standard in the tests used to measure
proprioceptive performance. It is not possible to
suggest that the joint position sense and kinesthe-
sia tests frequently used in scientific studies are
isolated and precise measurement of the proprio-
ceptive sensation [4]. Furthermore, even conflict-
ing results have been reported in joint position
sensation and kinesthesia tests performed after
injuries leading to loss of proprioceptors, such as
tearing anterior cruciate ligament [5]. The second
possible reason is that these tests require specific
clinical or laboratory conditions and equipment
that the environmental conditions are well con-
trolled. This makes proprioceptive tests difficult
to use widely in clinical decision to the return
of sport.

Instead, the tests conducted at the first step
of the decision to return to the sport usually
consist of performance tests that measure basic
functions [4]. For example, one of the most fre-
quent functional tests following knee injury is
the functional hop test. It was shown that the
painless score of this test was one of the lower
extremity performance indicators and espe-
cially correlated with the quadriceps muscle
strength [6]. Similarly, functional performance
tests based on muscular, endurance, flexibility,
and agility are frequently applied when a deci-
sion to return to sport is given but propriocep-
tion is not measured isolated during this period.
However, what should not be overlooked at this
point is that not performing proprioception tests
in the decision of return to sport does not mean
proprioceptive sense is completely ignored.
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Stability and balance-related tests that can be
applied when a decision to return to sport is
given has proprioceptive components as well [7].
Because, proprioception is one of the important
factors required for successful ensuring of pos-
tural stabilization, neuromuscular control, and
functional movement [8]. Long-term analyses of
active athletes show that the application of exer-
cise programs with integrated proprioceptive
approaches to the training program has improved
sportive performance parameters and reduced
the incidence of injuries by up to 400% [9].

13.4 Proprioceptive Tests
and Exercises in Return

to Sport

The disturbances in kinematic components of the
functional movements can be seen after lower
extremity ligament injuries. These disorders also
increase the risk of reinjury during sports and
limit the achievement of optimal performance
[10-14]. Testing all of the factors while decid-
ing to return to sport following the lower extrem-
ity ligament injuries is the most important step
that can be taken to reduce the risk of reinjury.
It has been reported that testing of the joint posi-
tion sense or kinesthesia would be beneficial
in reducing the risk of injury [4, 15]. Although
there is no consensus on a reliable method to
objectively determine the proprioception [4],
direct proprioceptive tests can be used to mea-
sure proprioceptive deficits resulting from injury
during the return to sport. Active reproduction
and threshold to detection of passive movement
are the tests directly used for the proprioception
and is most commonly used to determine joint
position sense after injury. Electrogoniometers or
isokinetic measuring devices are used for these
tests to be valid and reliable [16, 17]. The impair-
ments of the kinesthesia and active reproduction
test scores are expected after various ligament
injuries. Studies have revealed that knee joint
position sense is not restored after ACL injuries
[18, 19] and reconstruction [20-23].

Similarly, study conducted with meniscus
abnormality has shown that knee angle reproduc-
tion capability significantly reduces in subjects
with medial meniscus injury compared to healthy
controls [24]. Therefore, although joint position
tests are not included in the standard criteria of
the return to sport, they may be useful for the
decision to return to sport safely after ligament
injuries and surgery [25].

Another evaluation method that can be used
in relation to proprioceptive sense in the return
to sport is postural stability tests. Since the
proprioception is closely related to postural
control, functional stability and balance tests
may be used as a predictor of return to sport
safely. Modified Star Excursion Balance Test
(SEBT), one of the most frequently used tests,
measures not only the dynamic stability and
neuromuscular control [26-28] but also lower
limb strength, coordination, balance, and flex-
ibility [29-32]. Modified SEBT has high test-
retest reliability [33-35] as well as it has been
shown that it is able to distinguish dynamic
balance and proprioceptive control strategies
between the extremities following unilateral
lower extremity injury [36]. It was reported that
the athlete after ACL surgery showed poorer
and worse performance in both injured and
uninjured extremities compared to uninjured
athletes [37]. Therefore, this test can also be
preferred in the decision to return to the sport
phase to determine the functional stability sta-
tus after lower extremity injuries.

Another method that can be used to measure
postural stability in connection with propriocep-
tion in the return to sport is to detect postural
sway. Postural sway can be recorded during the
test on the computerized balance board called
stabilometer [4, 38]. It has been widely used in
athletes with lower extremity ligament injuries
and defects in the performance of the injured side
have been showed [38—40]. However, the disad-
vantage of these tests compared to the isolated
proprioceptive tests is that it is not possible to
attribute the result completely to the propriocep-
tion due to the balance can be affected by various
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parameters such as strength and flexibility as well
as proprioceptive sense.

Although a valid and reliable proprioceptive
test method is not described in the literature as a
gold standard for the return to sport, it has been
shown in studies that athlete should be tested pro-
prioceptively before the return to sport. According
to these test results, neuromuscular rehabilitation
should be applied with proprioceptive education.
These programs include training that allows the
best postural response to sudden changes given in
the sport, thus reducing the risk of reinjury [41].
The difficulty of exercise should be adjusted to
the level of the athlete’s neuromuscular control.
It advances from low-density movements, usu-
ally concentrated on a single plane, to multi-pla-
nar high-density movements. Drills regarding to
reflex activities that require rapid stabilization of
the joints are used instead of planned and volun-
tary muscle activities [4, 42, 43].

It is the balance exercises that ignite the pro-
prioceptive receptors. The most commonly used
in clinics after lower extremity injuries is per-
turbation training on one foot in softer grounds
with varying degrees of difficulty (Figs. 13.1 and
13.2).

Fig.13.1 Basic balance exercises for lower extremity

In addition, leg press, squat, single leg hop,
side and figure eight running, and crossover
walking on unstable grounds will help improve
joint neuromuscular control in more dynamic
conditions. The most important point to be
noticed during the vertical hop is to teach the
right landing strategies. Exercises are often given
as closed kinetic chain activity. This is due to the
fact that limbs are used as a part of closed kinetic
chains during sports and activities of daily living.
Another reason is that mechanoreceptors can be
stimulated more effectively during closed kinetic
chains exercises [43]. In addition to these general
stability exercises, sport-specific drills should
be included. Such exercises help to reinforce
the proprioceptive pathways that are specific to
activities that the athletes may encounter in the
return to sport [36]. At the same time, it provides
application of sport-specific drills bearing the
risk of reinjury in controlled conditions and will
facilitate proprioceptive adaptation of the athlete
to these conditions [4].

As a result, the decision to return to the sport
is based on not only performance tests, but also
social and psychological factors. Although pro-
prioception is among performance-based multi-
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Fig.13.2 Postural stability exercises for upper extremity and trunk

factorial factors, studies show conflicting results
on a reliable method to objectively determine the
proprioception. Athletes can show significant
proprioceptive deficit following sports injuries
but there is no consensus how to use proprio-
ceptive test during return to sports. Establishing
evidence-based standards for the wuse of
proprioceptive tests in the decision to return to
the sport may contribute to reduce reinjury risk.

References

1. Thomeé R, Suzanne W. Return to sport. Knee Surg
Sports Traumatol Arthrosc. 2011;19:1795-7.

2. Creighton DW, Shrier I, Shultz R, Meeuwisse WH,
Matheson GO. Return-to-play in sport: a decision-
based model. Clin J Sport Med. 2010;20(5):379-85.

3. Reiman MP, Manske RC. Functional testing in human
performance. Champaign, IL: Human Kinetics; 2009.

4. Hewett TE, Paterno MV, Myer GD. Strategies for
enhancing proprioception and neuromuscular control
of the knee. Clin Orthop Relat Res. 2002;402:76-94.

5. Gokeler A, Benjaminse A, Hewett TE, Lephart SM,
Engebretsen L, Ageberg E, et al. Proprioceptive defi-
cits after ACL injury: are they clinically relevant? Br
J Sports Med. 2012;46(3):180-92.

6. Petschnig R, Baron R, Albrecht M. The relationship
between isokinetic quadriceps strength test and hop
tests for distance and one-legged vertical jump test
following anterior cruciate ligament reconstruction. J
Orthop Sports Phys Ther. 1998;28(1):23-31.

7. Lephart SM, Pincivero DM, Giraido JL, Fu FH. The
role of proprioception in the management and reha-
bilitation of athletic injuries. Am J Sports Med.
1997;25(1):130-7.

8. Hassan BS, Mockett S, Doherty M. Static postural
sway, proprioception, and maximal voluntary quad-
riceps contraction in patients with knee osteoarthri-
tis and normal control subjects. Ann Rheum Dis.
2001;60(6):612-8.

9. Knobloch K, Martin-Schmitt S, Gosling T,
Jagodzinski M, Zeichen J, Krettek C. Prospective pro-
prioceptive and coordinative training for injury reduc-
tion in elite female soccer. Sportverletz Sportschaden.
2005;19(3):123-9.

10. Ageberg E, Zatterstrom R, Moritz U, Friden
T. Influence of supervised and nonsupervised training
on postural controlafter an acute anterior cruciate lig-
ament rupture: a three year longitudinal prospective
study. J Orthop Sports Phys Ther. 2001;31:632—44.

11. Decker MJ, Torry MR, Noonan TJ, Riviere A, Sterett
WI. Landing adaptations after ACL reconstruction.
Med Sci Sports Exerc. 2002;34:1408-13.

12. Keays SL, Bullock-Saxton J, Keays AC. Strength
and function before and after anterior cruciate liga-
ment reconstruction. Clin Orthop Relat Res. 2000;
373:174-83.

13. Neitzel JA, Kernozek TW, Davies GJ. Loading
response following anterior cruciate ligament recon-
struction during the parallel squat exercise. Clin
Biomech (Bristol, Avon). 2002;17:551-4.

14. Paterno MV, Ford KR, Myer GD, Heyl R, Hewett
TE. Biomechanical limb asymmetries in female ath-
letes 2 years following ACL reconstruction. J Orthop
Sports Phys Ther. 2005;35:A75.

15. Clanton TO, Matheny LM, Jarvis HC, Jeronimus
AB. Return to play in athletes following ankle inju-
ries. Sports Health. 2012;4(6):471-4.

16. Reider B, Arcand MA, Diehl LH, Mroczek K,
Abulencia A, Stroud C, et al. Proprioception of the
knee before and after anterior cruciate ligament
reconstruction. Arthroscopy. 2003;19(1):2—12.

17. Daneshjoo A, Mokhtar AH, Rahnama N, Yusof
A. The effects of comprehensive warm-up programs



164

H.B. Yosmaoglu and E. Sonmezer

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

on proprioception, static and dynamic balance on
male soccer players. PLoS One. 2012;7(12):e51568.
Arockiaraj J, Korula RJ, Oommen AT, et al.
Proprioceptive changes in the contralateral knee
joint following anterior cruciate injury. Bone Joint J.
2013;95(2):188-91.

MacDonald PB, Hedden D, Pacin O, Sutherland
K. Proprioception in anterior cruciate ligament-
deficient and reconstructed knees. Am J Sports Med.
1996;24(6):774-8.

Angoules AG, Mavrogenis AF, Dimitriou R, et al. Knee
proprioception following ACL reconstruction; a pro-
spective trial comparing hamstrings with bone-patellar
tendon-bone autograft. Knee. 2011;18(2):76-82.
Yosmaoglu HB, Baltac1 G, Kaya D, OZER H, Atay
A. Comparison of functional outcomes of two ante-
rior cruciate ligament reconstruction methods with
hamstring tendon graft. Acta Orthop Traumatol Turc.
2001;45(4):240-7.

Yosmaoglu HB, Baltac1 G, Kaya D, Ozer H. Tracking
ability, motor coordination, and functional determi-
nants after anterior cruciate ligament reconstruction.
J Sport Rehabil. 2011;20(2):207-18.

Yosmaoglu HB, Baltaci G, Kaya D, Ozer H, Atay
A. Effects of additional gracilis tendon harvest on
muscle torque, motor coordination, and knee laxity
in ACL reconstruction. Knee Surg Sports Traumatol
Arthrosc. 2011;19(8):1287-92.

Jerosch J, Prymka M, Castro WH. Proprioception of
knee joints with a lesion of the medial meniscus. Acta
Orthop Belg. 1996;62(1):41-5.

Zazulak BT, Hewett TE, Reeves NP, Goldberg B,
Cholewicki J. The effects of core proprioception on
knee injury. Am J Sports Med. 2007;35(3):368-73.
Aminaka N, Gribble PA. Patellar taping, patello fem-
oral pain syndrome, lower extremity kinematics, and
dynamic postural control. J Athl Train. 2008;43:21-8.
Earl JE, Hertel J. Lower-extremity muscle activa-
tion during the Star Excursion Balance Tests. J Sport
Rehabil. 2001;10:93-104.

Hale SA, Hertel J, Olmsted-Kramer LC. The effect
of a 4-week comprehensive rehabilitation program on
postural control and lower extremity function in indi-
viduals with chronic ankle instability. J Orthop Sports
Phys Ther. 2007;37:303—11.

Fitzgerald D, Trakarnratanakul N, Smyth B, Caulfield
B. Effects of a wobble board-based therapeutic exer-
gaming system for balance training on dynamic pos-
tural stability and intrinsic motivation levels. J Orthop
Sports Phys Ther. 2010;40:11-9.

Leavey VJ, Sandrey MA, Dahmer G. Comparative
effects of 6-week balance, gluteus medius strength,

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

and combined programs on dynamic postural control.
J Sport Rehabil. 2010;19:268-87.

McLeod TC, Armstrong T, Miller M, Sauers
JL. Balanceimprovements in female high school bas-
ketball players after a 6-week neuromuscular-training
program. J Sport Rehabil. 2009;18:465-81.

Wojtys EM, Huston LJ. Longitudinal effects of ante-
rior cruciate ligament injury and patellar tendon auto
graft reconstruction on neuromuscular performance.
Am J Sports Med. 2000;28:336-44.

Hertel J, Miller SJ, Denegar CR. Intratester and intert-
ester reliability during the star excursion balance tests.
J Sport Rehabil. 2000;9:104-16.

Kinzey SJ, Armstrong CW. The reliability of the star-
excursion test in assessing dynamic balance. J Orthop
Sports Phys Ther. 1998;27:356-60.

Plisky PJ, Rauh MJ, Kaminski TW, Underwood
FB. Star Excursion Balance Test as a predictor of
lower extremity injury in high school basketball play-
ers. J Orthop Sports Phys Ther. 2006;36:911-9.
Herrington L, Hatcher J, Hatcher A, McNicholas
M. A comparison of Star Excursion Balance Test
reach distances between ACL deficientpatientsandas-
ymptomaticcontrols. Knee. 2009;16:149-52.

Clagg S, Paterno MV, Hewett TE, Schmitt
LC. Performance on the modified star excursion bal-
ance test at the time of return to sport following ante-
rior cruciate ligament reconstruction. J Orthop Sports
Phys Ther. 2015;45(6):444-52.

Mizuta H, Shiraishi M, Kubota K, Kai K, Takagi K. A
stabilometric technique forevaluation of functional
instability in anterior cruciate ligament-deficient
knee. Clin J Sports Med. 1992;2:235-9.

Harrison EL, Duenkel N, Dunlop R, Russell
G. Evaluation of single-legstandingfollowinganterior
cruciateligamentsurgeryandrehabilitation. Phys Ther.
1994;74:245-52.

Zatterstrom R, Friden T, Lindstrand A, Moritz U. The
effect of physiotherapy on standing balance in chronic
anterior cruciate ligament insufficiency. Am J Sports
Med. 1994;22:531-6.

Griffin LY, Agel J, Albohm MJ, Arendt EA, Dick RW,
Garrett WE, Johnson RJ. Noncontact anterior cruciate
ligament injuries: risk factors and prevention strate-
gies. J Am Acad Orthop Surg. 2000;8(3):141-50.
Brand RA. Knee ligaments: a new view. ] Biomech
Eng. 1986;108:106-10.

Laskowski ER, Newcomer-Aney K, Smith J. Refining
rehabilitation with proprioceptive training: expediting
return to play. Phys Sports Med. 1997;25:89-102.



	13: Return to Sports and Proprioception
	13.1	 Introduction
	13.2	 Evidence-Based Decision of Return to Sport
	13.3	 The Role of Proprioception in the Return to Sport
	13.4	 Proprioceptive Tests and Exercises in Return to Sport
	References




