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ABSTRACT
Background: Proprioception is critical for effective movement patterns. However, methods of proprioceptive measurement in 
previous research have been inconsistent and lacking in reliability statistics making it applications to clinical practice difficult. 
Researchers have suggested that damage to the anterior cruciate ligament (ACL) can alter proprioceptive ability due to a loss of 
functioning mechanoreceptors. The majority of patients opt for reconstructive surgery following this injury. However, some 
patients chose conservative rehabilitation options rather than surgical intervention.

Purpose: The purpose of this study was to determine the effect of ACL deficiency on knee joint position sense following conserva-
tive, non-operative treatment and return to physical activity. A secondary purpose was to report the reliability and measurement 
error of the technique used to measure joint position sense, (JPS) and comment on the clinical utility of this measurement.

Study Design: Observational study design using a cross-section of ACL deficient patients and matched uninjured controls.

Methods: Twenty active conservatively treated ACL deficient patients who had returned to physical activity and twenty active 
matched controls were included in the study. Knee joint position sense was measured using a seated passive-active reproductive 
angle technique. The average absolute angle of error score, between 10°-30° of knee flexion was determined. This error score was 
derived from the difference between the target and repositioning angle. 

Results: The ACL deficient patients had a greater error score (7.9°±3.6) and hence poorer static proprioception ability that both 
the contra-lateral leg (2.0°±1.6; p=0.0001) and the control group (2.6°±0.9; p=0.0001). The standard error of the mean (SEM) of 
this JPS technique was 0.5° and 0.2° and the minimum detectable change (MDC) was 1.3° and 0.4° on asymptomatic and symp-
tomatic subjects respectively. 

Conclusion: This study confirms a static proprioceptive deficiency exists in the knee joint following ACL injury and rehabilitation, 
potentially due to a reduction in functioning mechanoreceptors in the ligament over time. The differences between the ACL defi-
cient knee and the control group were above the SEMs and MDCs of the measurement which suggests clinical relevance. Longitu-
dinal studies are needed to evaluate if patients who return to activity with a joint position sense deficiency develop secondary 
injuries. 

Levels of Evidence: Individual Cohort Study (2b)

Key Words: Anterior cruciate ligament, joint position sense, knee

I
J
S
P

T
ORIGINAL RESEARCH

THE EFFECT OF CONSERVATIVELY TREATED ACL 

INJURY ON KNEE JOINT POSITION SENSE 

Nicola Relph, PhD1 
Lee Herrington, PhD2

1 Edge Hill University, Ormskirk, Lancashire, England
2 University of Salford, Salford, England.

CORRESPONDING AUTHOR
Nicola Relph, PhD
Senior Lecturer in Sport and Exercise 
Kinesiology, Sports Injury Research Group
Department of Sport & Physical Activity, 
Edge Hill University 
Ormskirk, Lancashire, England
L39 4QP
E-mail: Nicola.Relph@Edgehill.ac.uk
Phone: +441695574442



The International Journal of Sports Physical Therapy | Volume 11, Number 4 | August 2016 | Page 537

INTRODUCTION
The anterior cruciate ligament (ACL) is the most com-
monly injured knee ligament1 with an estimated 6.5 
injuries per 10,000 athletic exposures.2 Furthermore, 
following this injury there is a significantly greater 
risk of suffering secondary problems such as osteoar-
thritis in the damaged limb and injury to the uninjured 
knee.3 These secondary problems may be linked to 
altered proprioception following damage to the ACL.4 
The ACL contains neural elements such as Ruffini 
nerve endings, Golgi-like tendon organs and Pacin-
ian corpuscles5-7 and connections have been reported 
between these mechanoreceptors and the central 
nervous system. Proprioception plays a critical role 
in efficient motor control.8-9 Therefore, if ACL mecha-
noreceptors become injured then important afferent 
information regarding knee position and movement 
may be altered and lead to modified motor control 
patterns that could produce secondary injuries.10 

Up to 90% of ACL injured patients opt for surgical 
reconstruction of the damaged ligament.11 However, 
patients can also chose to conservatively treat the 
injury with a rehabilitative program. There have 
been fewer studies considering the proprioception 
of these patients compared to those who have under-
gone reconstructive surgery, perhaps due to the 
availability of this population. However, the avail-
able literature provides a contrasting view regarding 
proprioception and ACL deficient patients. A num-
ber of authors have reported a joint position sense 
(JPS) deficit in ACL deficient patients. 12-15 Fremerey 
et al12 reported JPS measurements from a group of 
acute ACL injured patients treated conservatively 
with physical therapy (< 12 days post injury) and 
chronic ACL injured patients who had undergone 
ACL reconstructive surgery and rehabilitation for up 
to 12 months postoperatively (mean 12 months post 
injury). Results indicated that only the acute patient 
group had significantly poorer JPS in their injured 
and uninjured knees compared to an uninjured con-
trol group. Hugn-Maan et al13 and Katayama et al14 
reported a significant reduction in JPS in chronic 
ACL patient groups who had undergone a period of 
physical therapy in the injured knee when compared 
to the uninjured knee. The number and function-
ality of remaining mechanoreceptors in an injured 
ACL is thought to reduce with time. 16  Therefore, it is 

plausible that patients who have opted for conserva-
tive treatment of the injury who may have a reduc-
tion in proprioception over time due to the loss of 
any initially functioning mechanoreceptors. 

Contrastingly, other authors have reported no knee 
JPS deficiency after conservative treatment of ACL 
injury17-19. Roberts et al17 and Jensen et al18 com-
pared “copers” and “non-copers”, both of whom had 
undergone physical therapy without surgical inter-
vention, but the copers are defined as those able to 
return to physical activity, whereas the non-copers 
have continued problems with neuromuscular con-
trol during similar physical activity. Both groups of 
authors failed to find any differences in knee JPS 
between these groups. Furthermore, Fonseca et al19 
did not find any differences in JPS between a group 
of functioning ACL deficient patients “copers” and 
either the contralateral leg or an external control 
group. These authors suggest that knee propriocep-
tive acuity was not directly influenced by the dam-
age to the ligament and that muscle spindles may 
play the dominant role in joint position sense. In 
addition, other articular mechanoreceptors located 
in areas such as the capsule, tendons and adjacent 
joints may compensate for the loss of sensory infor-
mation offered directly from the ACL. 

An alternative reason for the lack of significant dif-
ferences in JPS in the aforementioned papers is the 
sensitivity of the measurement tool. Although clini-
cal practitioners use joint position sense to inform 
their practice and include proprioceptive exercises 
in physical therapy programmes20-21 the majority of 
literature on proprioception lacks detail on the reli-
ability of the measurement and it is therefore unclear 
how much information is actually measurement 
error. 22-24 Furthermore the literature lacks infor-
mation on the severity or stage of the injury12-15,17,19 
which may threaten internal validity of the results. 
Hence, as reliability is lacking in the majority of 
studies it is possible that the differences or lack of 
those differences in proprioception ability found 
after an ACL injury are due to measurement arte-
fact. 22,24 Furthermore, there is no consensus on the 
threshold of proprioceptive deficiency that would be 
clinically or functionally relevant. Jensen et al18 sug-
gest a deficiency of greater than 3° to be clinically 
important, whereas Burgess et al25 and Callaghan et 



The International Journal of Sports Physical Therapy | Volume 11, Number 4 | August 2016 | Page 538

al26 suggest a value for normal joint position errors of 
less than 5°, however these values appear arbitrary.

Therefore, the purpose of this study was to deter-
mine the effect of ACL deficiency on knee joint 
position sense following conservative, non-operative 
treatment and return to physical activity. A second-
ary purpose was to report the reliability and mea-
surement error of the technique used to measure 
joint position sense and comment on the clinical 
utility of this measurement. 

METHODS

Participants
Twenty active (Tegner score 5.5±1.2) ACL patients 
with total rupture stage III tears (ten male, ten 
female; age 30±4.5years, mass 77.4±4.76kg, height 
1.63±0.24m; time since injury 11±2months) took 
part in the study, recruited using purposive sam-
pling methods. Diagnosis of their injury was con-
firmed by clinical laxity testing (anterior drawer 
test, Lachman’s test and pivot shift test) and further 
verified by either arthroscopic or Magnetic Reso-
nance Image (MRI) examination. All patients suf-
fered the injury through non-contact means and 
none of the patients had concurrent medial collat-
eral ligament or meniscal injuries at the time of the 
ACL injury. The patients had completed a standard 
physical therapy program that included propriocep-
tive exercises as proposed by Herrington. 27 Twenty 
active (Tegner 5.0±1.2) participants with clinically 
normal knees were matched to the ACL deficient 
participants by age, gender and physical activity 
(ten female, ten male; age 30.5±9.37years, mass 
71.5±14.78kg, height 1.7±0.11m). All participants 
were free from current lower extremity injury and 
any chronic disease that may have affected pro-
prioception such as visual or vestibular function, 
peripheral neuropathy and diabetes mellitus.28 All 
participants read an information sheet and provided 
written informed consent. This study was approved 
by the university ethics board (REP10/068).

Design and Procedures
The study used an observational design. Uninjured 
participants removed the shoe and sock from their 
dominant leg. ACL deficient  participants removed 
both shoes and socks.  Participants were prepared for 

data collection by placing markers on the following 
anatomical points; a point on a line following the 
greater trochanter to the lateral epicondyle, close 
to the lateral epicondyle (placement of a marker 
directly on the greater trochanter is difficult due to 
clothing), the lateral epicondyle and the lateral mal-
leolus of both legs for ACL deficient participants and 
dominant leg for uninjured participants. 

Clinical knee JPS measurements were collected 
using a protocol suggested by the authors as the 
most appropriate for comparison to an ACL deficient 
population. Both bundles of the ACL are taut in 10°-
30° of flexion and hence have maximal mechanore-
ceptor activity in this range of motion. 29 Therefore, 
testing JPS in this range may allow participants to 
produce their maximum performance of knee joint 
position sense. Furthermore, previous studies on 
reliability of JPS measurement confirmed similar 
techniques provided large30 test-retest reliability 
statistics in asymptomatic patients (intra-class cor-
relation coefficient = 0.79, SEM = 0.5° and MDC = 
1.3°)31 and ACL patients (intra-class correlation coef-
ficient = 0.96, SEM = 0.2° and MDC = 0.4°).32

The participants were seated at the end of a treat-
ment couch and blindfolded. The leg was passively 
moved by the experimenter between 10-30° of knee 
flexion from a starting angle of 0° to a random tar-
get angle at an angular velocity of approximately 
10°/s. The researcher used a grid to ensure the tar-
get position was located in this range (Figure 1). The 
participant then actively held the leg in this single 
position between 10 and 30° of knee flexion for five 
seconds (Figure 1). A photograph of the leg in the 
target position was taken using a standard camera 
(Casio Exilim, EX-FC100, Casio Electronics Co., Ltd. 
London, UK) placed three meters from the sagittal 
plane of movement on a fixed level tripod (Cam-
link TP-2800, Camlink UK, Leicester, UK). Paral-
lax error was reduced by ensuring the camera lens 
was positioned orthogonally to the field of motion 
using spirit levels and measurement of a 90° angle 
between the plane of motion and the center of the 
camera lens. The leg was then passively returned by 
the researcher to the starting angle of 0° and then 
the participant was instructed to actively move the 
same leg back to the target angle and hold the leg 
in this position. Another photograph was taken and 
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the participant instructed to move their leg back 
to the starting position. The process was repeated 
five times. The ACL deficient group completed the 
test using both legs. The uninjured group used their 
dominant leg only. 

Data Reduction
Knee angles were measured using two-dimensional 
manual digitizing software (ImageJ, U. S. National 
Institutes of Health,, Maryland, USA, http://imagej.
nih.gov/ij/, 1997-2012). Knee joint position sense 
was calculated from the average delta scores between 
target and reproduction angles across five flexion 
(between 10-30° of knee flexion) trials producing abso-
lute error scores (AES) in which only magnitude was 
measured. Means, standard deviations and 95% confi-
dence intervals were presented. Confidence intervals 
are provided to indicate the true boundaries in which 
a mean would fall, in this case, the 95% boundary. 
33 Confidence intervals present the results using the 
same data measurement as the mean and as such, 
can improve the clarity of true meaning of the sample 
data. 33 Confidence intervals at the 95% level were cal-
culated using the following equation33, p.748 

Lower boundary of confidence 
interval = X SE− ×( . )1 96

Upper boundary of confidence 
interval = X SE+ ×( . )1 96

All statistical analysis was completed in SPSS (Ver-
sion 19, IBM Corporation, New York, USA). The 
Shapiro-Wilk test was used to examine normality of 
data, which was not confirmed. Log transformation 
of data did not solve the issue of normality, hence 
non-parametric statistical analysis was utilized. A 
related samples Wilcoxon signed rank test compared 
differences between the ACL deficient leg and the 
contralateral leg. Independent sample Mann-Whit-
ney U tests were used to compare the differences 
between ACL deficient legs and external controls, 
and contralateral legs of the ACL deficient partici-
pants and external controls. The level of acceptable 
significance was set at p<0.05. Effect sizes (r) were 
calculated using the following equation34, p.531

r
Z
N

=

Effect sizes were interpreted using Cohen’s classifi-
cations as follows; 0-0.1 is a small effect, 0.1-0.3 is a 
small to medium effect, 0.3-0.5 is a medium to large 
effect and 0.5 and above is a large effect. 30

RESULTS
Figure 2 and Table 1 illustrate JPS differences 
between ACL deficient patients, their contralateral 
leg and an external control group. The average JPS 
error score in the ACL deficient group was 7.9°±3.6 
(95% CI [6.3, 9.5]). In comparison, the contralat-
eral leg and control group error scores were 2°±1.6 

Figure 1. Typical set up and analysis for knee joint position 
sense data collection.

Figure 2. Mean and standard error joint position sense abso-
lute error scores for ACL-D and normative populations. 
ACL-D= anterior cruciate ligament defi cient. **Signifi cantly differ-
ent than contralateral leg and control group. *Signifi cantly different 
than control group.
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(95% CI [1.3, 2.7]) and 2.6°±0.9 (95% CI [2.2, 3.0]) 
respectively. Statistical analysis revealed signifi-
cantly greater JPS ability in the control group (p = 
0.0001, r = -0.77) and contralateral leg (p = 0.0001, 
r = -0.61) when compared to the ACL deficient leg. 
The control group also had a significantly lower JPS 
ability (higher error score) than the ACL patient’s 
contralateral knee (p = 0.02, r = -0.37). The differ-
ences between the ACL injured knees and the con-
tralateral knees and control knees were 5.9° and 
5.3° respectively; these values are above the stated 
SEM values (0.5° and 0.2°) and MDC values (1.3° 
and 0.4°) found for asymptomatic and symptomatic 
patients respectively. 

DISCUSSION
The aim of this study was to consider the effects of 
chronic ACL deficiency treated with physical  therapy 
only (no reconstructive surgery) on static knee joint 
position sense in patients who had returned to phys-
ical activity. The results suggest that ACL deficient 
patients do have reduced joint position sense abil-
ity, specifically, position error was approximately 
60% higher in the injured knee than their uninjured 
knee and external controls. Previous authors have 
also reported a reduction in knee JPS following ACL 
injury. 12-15 The number and functionality of remain-
ing mechanoreceptors in an injured ACL is thought 
to reduce with time. 13, 16 A study on biopsy speci-
mens taken from ACL remnants in injured patients 
revealed normal mechanoreceptors for up to three 
months post-injury, however, all mechanoreceptors 
had disappeared after 12 months. 35 Therefore it may 
be that patients who follow a conservative treatment 
programme of physical therapy do not have a pro-
prioceptive deficit in the initial stages of rehabilita-
tion. However, 12 months after the injury, when the 
patients have returned to activity, this deficiency 
may have increased as the number of mechanore-
ceptors has decreased. The patients in the current 
study were on average 11 months from injury and 

therefore may support this theory, however this 
theory could only be confirmed with histological 
research evidence both after the initial injury and 
after rehabilitation. 

It would be useful to measure JPS of the ACL-D 
patient using a longitudinal research design to track 
proprioceptive ability throughout a physical therapy 
program and once the patient had returned to activ-
ity. This has been considered in ACL reconstructed 
populations with findings recommending a range 
of six to 18 months for full proprioceptive restora-
tion. 36-40 However, research is lacking in the proprio-
ceptive development or decline of a conservatively 
managed ACL patient. 

Furthermore, there is no consensus on the appropri-
ate threshold for clinical relevance of joint position 
sense error. As previously stated Jensen et al18 sug-
gest a clinically relevant deficiency of greater than 
3°, whereas Burgess et al25 and Callaghan et al26 sug-
gest a value for normal joint position errors of less 
than 5°. The current study identified differences of 
5.9° and 5.3° between ACL injured and the contralat-
eral leg and control subject’s leg respectively. There-
fore longitudinal studies may identify whether this 
difference becomes clinically important by record-
ing if and when the patients become re-injured. 

Another explanation for the current study finding is 
that knee joint position sense is not related to func-
tion and hence ACL deficiency with altered static 
position sense does not impair performance. The 
patients had all returned to physical activity lev-
els corresponding to competitive and recreational 
sports and were free from injury at the time of test-
ing. It is possible joint position sense is not related 
to functional movement. 24 The results of a recent 
literature review did not illustrate any significant 
correlations between ACL deficiencies and reduced 
functional performance. 24 Therefore it is possible 
patients are able to use appropriate motor control 

Table 1. Comparisons of knee error scores, reported in degrees. 
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strategies in order to perform physical activity 
successfully. 

A secondary aim was to report the reliability and 
measurement error of the selected joint position 
sense technique to ensure any JPS differences 
between ACL and control groups were not measure-
ment error. The lack of reliability and sensitivity 
statistics with JPS techniques has been previously 
criticized.22,24 It is important that reliability and sensi-
tivity is reported to acknowledge any error that may 
occur due to measurement only. In the current study 
the differences between ACL patients and the contra-
lateral and external control legs were above the SEM 
and MDC values provided in previous studies with 
similar measurement strategies.31,32 Therefore, for 
this sample, the differences were clinically relevant. 

An interesting finding was that patient’s uninjured 
limbs had better knee joint position sense than the 
controls, however the effect size was only moder-
ate. Previous research has indicated the opposite 
to this finding; that the contralateral limb of ACL 
patients demonstrates poorer knee proprioception 
than controls. 28 The improved ability in the contra-
lateral leg in patients may be attributed to a training 
effect achieved during rehabilitation programs. The 
uninjured limb may compensate due to a reduction 
in trust on the deficient side. Furthermore, patients 
may subconsciously train the uninjured limb to dis-
sipate higher loads during movements such as land-
ing and gait and hence increase muscle tone on the 
uninjured side, which in turn may increase proprio-
ceptive ability. However, it is still unknown if pro-
prioception can be improved by exercise. 41 

One limitation of the study is the use of passive posi-
tioning to the target angle; previous studies have 
suggested active positioning should be used as this 
would stimulate more mechanoreceptors during 
testing. 42 A further limitation is the lack of a power 
calculation to determine an appropriate sample size. 
However, accompanying effect sizes demonstrate 
medium to large effect sizes and the SEM and MDC 
are also reported. Another limitation was that there 
was no direct measure of physical fitness or func-
tional performance. Future studies should consider 
the longitudinal effect of ACL deficiency on joint 
position sense and functional and clinical relevance.

CONCLUSION
The findings of the current study demonstrate that 
patients who underwent conservative treatment of 
an ACL injury have a reduction in knee joint posi-
tion sense when compared to the contralateral knee 
and controls. As there is a lack of evidence to sup-
port a link between function and static knee joint 
position sense ability, it may be that patients are 
able to successfully partake in physical activity 
without a reduction in performance. As this patient 
group had returned to physical activity, it is unclear 
what effect this may have on future re-injury risks. 
Future research should consider the longitudinal 
clinical relevance of competing in physical activity 
with a knee joint position sense deficiency. 
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