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Abstract

Proprioceptive sense is damaged in anterior cruciate ligament (ACL) injuries and restoring joint stabilization is very important. The aim of the present study is to 
evaluate the relationship between the post-operative thigh and leg circumferences and proprioceptive sense on both operated and non-operated sides in patients 
who have undergone Semitendinosus/Gracilis ST/G (Hamstring Autograft) anterior cruciate ligament reconstruction (ACLR). 20 sedentary male patients aged 18-
35 years who had undergone ST/G ACLR at least 6 months ago were included in the study. Leg and thigh circumferences and proprioceptive sense measurements 
were performed on the operated (OP) and non-operative (NONOP) sides of the patients. Leg and thigh circumferences were recorded in cm with a flexible meter. 
Proprioceptive sense measurements were determined at 45, 60 and 75 angles for extension (Ex) and 105, 120, 135 angles for flexion (Flx). When the findings of 
the patients were evaluated statistically between the operated and non-operated sides, no significant difference was found in the leg (p=0.070), thigh (p=0.403) 
circumferences and proprioception (Ex 45o p=0.547, Ex 60o p=0.124, Ex 75o p=0.956) (Flx 105o p=0.663, Flx 120o p=0.837, Flx 135o p=0.546).  No general 
significance was found in the correlation analyses evaluated on both the operated and non-operated sides. There was a significant positive correlation between thigh 
circumference and Flx120º in terms of proprioception only on the non-operated side (p<0.05 r=0.639). As a result of the study, similar thigh and leg circumference 
and proprioceptive sense results of the OP and NONOP sides after the post-operative 6th month ST/G ACLR showed that the ST/G ACLR method reached the 
same level with the NONOP side in the 6th month with the same rehabilitation program. This shows that the ST/G ACLR method is a viable method in terms of 
thigh and leg circumferences as well as proprioceptive sense.
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Introduction

Anterior cruciate ligament (ACL) is a structure that provides the 
stability of the knee and prevents the forward movement of the 
tibia relative to the femur [1]. ACL injuries occur as a result of 
the deterioration of the tibiofemoral joint stability provided by 
the static and dynamic stability mechanisms of the knee, and 
these deteriorations usually occur during sports activities that 
require high performance or sudden physical activity [2]. The 
main purpose of ACL reconstruction (ACLR), which is applied 
to patients after injury, is to stabilize the knee so that there is 

no limitation of movement in the joint [3,4]. ACL has two 
complementary functions, proprioceptive and mechanical, and 
after injury, the biomechanics and kinematics of the knee joint 
are impaired following postural stability damage due to muscle 
weakness, instability, decreased balance and proprioception in 
the knee [5,6].

Proprioception is defined as the position perception of the joint 
and extremity provided by the neural inputs created with the help 
of the receptors present in the joints and the tissues surrounding 
them [7]. Proprioceptive sense has an important place in terms 
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of joint stabilization and its maintenance [8]. In previous years, 
experts focused on how to obtain a mechanically stronger 
ligament of the ACLR after ACL injuries [5]. However, today it 
has long been thought that different types of grafts used during 
ACLR after ACL injuries may impair knee proprioception, which 
may lead to abnormal movement patterns that are a mechanism 
for further injuries and long-term secondary problems [9]. 
Studies have revealed important data showing proprioceptive 
differences between healthy and ACL knees, and frequently 
between knees that have undergone ACLR and knees that have 
undergone revision [10]. Serious reductions in proprioception 
have also been reported in some studies on proprioception in 
knees with ACL tears [11, 12]. It has been found that decreased 
proprioception is an important factor in increasing joint damage 
[13]. 

There occurs a decrease in the dynamic activity of the muscles 
surrounding the knee joint and providing its movement as a 
result of proprioceptive deficits [14-16]. Studies conducted 
clearly show a loss of strength in the thigh muscles of patients 
after ACLR [17-20]. It is a known fact that this loss of strength 
in thigh muscles after ACL injuries is caused by atrophy in the 
muscles and neural communication disorders in the knee after 
the injury [21]. In addition, other researchers have shown that the 
width of thigh circumference, the mass and fibers of the muscles 
that make up the thigh region are higher and that the force created 
in the muscle is higher and this affects the maximum strength, 
which supports the findings of other studies conducted [22]. This 
situation has revealed the idea that there may be correlations 
between the differences in muscle volumes or masses and the 
proprioceptive sense, depending on the negative effects on 
proprioceptive sense and changes in muscle strength as a result 
of deformities in the knee joint after ACLR.

When all this information is evaluated, the present study aims to 
evaluate the relationship between post-operative thigh and leg 
circumferences and proprioceptive sense in patients who have 
undergone Semitendinosus/Gracilis (ST/G) Hamstring Autograft 
ACLR and to compare them with the healthy leg. The study 
hypothesizes that there will be significant correlations between 
proprioceptive sense and thigh and leg circumferences after 
ACLR. It was also hypothesized that the 6th month results after 
ST/G ACLR would be similar between the OP and NONOP sides.

Material and Methods

Experimental Design and Participants

The study was evaluated as a retrospective cohort of 20 sedentary 
men who underwent the traditional ACLR (ST/G) technique. The 
number of subjects to be included in the study was determined 
by Gpower analysis. It was calculated that 13 subjects would be 
sufficient. However, it was planned to complete the study with 
at least 20 subjects in order for the data to yield more reliable 
results. All patients to participate in the study were informed 
about the study and their voluntary consent was obtained. 

Ethics committee approval of the study was obtained by Samsun 
University Faculty of Medicine (SÜKAEK-2022/12/20). All 
procedures were carried out in accordance with the ethical 
rules and the principles of the Declaration of Helsinki. The 
retrospective cohort part of the study included only post-operative 
6th month thigh and leg circumference measurements and 
proprioceptive sense measurements. All patients were referred to 
the same rehabilitation specialist and postoperative follow-up (6 
months) was done. Inclusion criteria for this study were: (a) 18-
35 years old, (b) have had Semitendinosus/Gracilis (Hamstring 
Autograft) anterior cruciate ligament reconstruction (ACLR), 
and c) have no other neuromuscular or musculoskeletal injury 
or a history of contralateral knee surgery or injury. In addition, 
patients who did not comply with the rehabilitation program, did 
not complete the postoperative laboratory visit, or were exposed 
to various complications during their follow-up were excluded 
from the study. All of the measurements were made at these 
time intervals considering the circadian cycle (12:00-16:00). All 
of the measurements were completed by the researchers on the 
same day (Table 1).

Table 1. Descriptive data of the subjects (n=20)
Mean S.D Min Max.

Age (year) 29.33 7.29 19.0 44.0
Height (cm) 177.13 6.90 169.0 190.0
Weight (kg) 89.20 12.83 75.0 125.0
BMI (kg/m2) 28.35 2.78 22.88 34.63Follow Up (month)

R L
Operated knee (n/%)                             9/60 6/40
Dominant Side (n/%) 11/73.33 4/26.67
*p<0.05;  S.D standard deviation; Min, minimum; Max. maximum; BMI body 
mass index; R right; L left

Procedures

Proprioceptive Sense 

The proprioceptive senses of the subjects were evaluated with 
the sense of joint position. Joint position sense was measured as 
the previously taught ability to actively find joint position (AFJP) 
[23]. AFJP scores of the subjects were tested with the Cybex 
NORM isokinetic dynamometer. In terms of proprioceptive 
senses of the subjects, for extension, the knee was brought slowly 
from 90° flexion to extension and stopped at 75°, 60° and 45° 
flexion angles, respectively, for 10 seconds and these angles were 
taught to the patient. The knee was then flexed to 90° again and 
the subjects were asked to find these angles they were taught. The 
subjects tried to find the angles by actively moving their knees 
from this starting position to the 75°, 60° and 45° flexion angles 
they had learned before. The resulting findings were recorded 
as EX75°, EX60°, EX45° proprioceptive sensory parameters. 
For flexion, the subjects were brought slowly from 90° flexion 
to flexion in the sitting position, while they were stopped at 105°, 
120° and 135° flexion angles, respectively, for 10 seconds and 
these angles were taught to the patient. The knee was then flexed 
to 90° again and the subjects were asked to find these angles they 
were taught. The subjects tried to find these angles by actively 
moving their knees from this starting position to the 105°, 120° 
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and 135° flexion angles they had learned before. The resulting 
findings were recorded as FLX105°, FLX120° and FLX135° 
proprioceptive sensory parameters. The difference between the 
angles found by the subjects and the real absolute values was 
recorded. Three repetitions were performed for each leg at all 
angles, and the means were calculated and compared.

Thigh and Leg Circumference

Thigh circumference measurement: While the subject is sitting 
in 90° flexion of the knee, the inguinal region and the proximal 
patella are marked (10-15 cm above) to the midpoint, the subject 
is made to stand and the measurement is made from the marked 
point when the feet are 10 cm apart and the body weight is evenly 
distributed on both feet. 

Leg circumference measurement: Measurements were taken 
from the widest part of the gastrocnemius while the subject 
was standing with the feet approximately 20 cm apart. All 
measurements were recorded in cm.

Statistical Analysis

SPSS 21. Package program was used in the statistical analysis 
of the study. The results were presented as mean and standard 
deviation. Shapiro-Wilk test was used for normality test and 
Levene's test was used for homogeneity assumptions. Paired 
sample test or Wilcoxon rank tests were used to compare the 
paired groups (healthy knee - ACLR knee and pre-op and post-
op IKDC, Tegner and Lyhsolm). One-Way ANOVA was used 
to compare the proprioceptive senses of the operated and non-
operated sides. In addition, in the comparing of paired groups, 
effect sizes were found according to Cohen’s d effect size (M2 
− M1)⁄SDpooled). According to this formula, a d value of <0.2 
was defined as weak effect size while a d value of 0.5 was defined 
as moderate and a d value of >0.8 was defined as strong effect 
size.  The results were considered significant at p<0,05, at within 
a confidence interval of 95%.

Results

When the thigh and leg circumferences of the operated and non-
operated sides were evaluated, no significant difference was 
found between leg circumference (p=.70, 95% CI= -1.26 - .055) 
and thigh circumference (p=.403, 95% CI=-1.16 -.50) values 
(Table 2). 

Table 2. Comparison of thigh and leg circumferences of operated and non-
operated sides 

OP NONOP
t P E.S

95% CI

Mean.±S.D Mean.±S.D LB UB

Leg circumference 
(cm) 40.53±4.50 41.13±3.66 -1.964 .070 0.14 -1.26 .055

Thigh circumference 
(cm) 57.33±3.02 57.66±3.06 -.863 .403 0.11 -1.16 .50

*p<0.05;  S.D standard deviation; Min, minimum; Max. maximum; BMI body 
mass index; OP operated; NONOP non-operated; ; CI confidence interval; LB 
lower bound; UB upper bound; E.S cohen’s d effect size

When the operated and non-operated side extension 
proprioception scores were compared, no statistically significant 
difference was found between 75º (p= .547, 95% CI= -.1.65 – 
2.98), 60º (p= .124, 95% CI= -.40 – 2.98) and 45 º (p= .956, 95% 
CI= -.1.64 – 1.72) values (Table 3).

Table 3. Comparison of operated and non-operated side extension 
proprioception scores 

OP NONOP
t P E.S

95% CI

Mean.±S.D Mean.±S.D LB UB

75º 3.82±.4.34 3.15±.1.90 .617 .547 0.20 -1.65 2.98

60º 5.11±.4.16 3.82±2.98 1.636 .124 0.36 -.40 2.98

45º 3.40±.2.38 3.35±2.37 .056 .956 0.02 -1.64 1.72

F .856 .432

P .290 .750

*p<0.05;  S.D standard deviation; Min, minimum; Max. maximum; BMI body 
mass index; OP operated; NONOP non-operated; ; CI confidence interval; LB 
lower bound; UB upper bound; E.S cohen’s d effect size

When operated and non-operated side flexion proprioception 
scores were compared, no significant difference was found 
between 75º (p=.663, 95% CI= -.1.80 –1.18), 60 º (p=.837, 95% 
CI=-2.05 –2.50) and 45 º (p=.546, 95% CI= -.1.64 –2.98) values 
(Table 4).

Table 4. Comparison of operated and non-operated side flexion proprioception 
scores

OP NONOP
t P E.S

95% CI

Mean.±S.D Mean.±S.D LB UB

105º 2.40±.1.36 2.71±.2.07 -.445 .663 0.18 -1.80 1.18

120º 3.22±.2.80 3.00±2.26 .210 .837 0.09 -2.05 2.50

135º 3.63±.2.50 2.96±2.74 .619 .546 0.26 -1.64 2.98

F 1.101 .066

P .342 .936

*p<0.05;  S.D standard deviation; Min, minimum; Max. maximum; BMI body 
mass index; OP operated; NONOP non-operated; CI 
confidence interval; LB lower bound; UB upper bound; E.S cohen’s d effect 
size

Table 5 examines the proprioception scores measured on the 
operated side thigh and leg circumference. When the results 
found were evaluated, although general positive and negative 
correlations were found between thigh and leg circumference 
and proprioception scores, it was found that these correlations 
were not statistically significant (p>0.05).

Table 5. The correlation between operated side thigh and leg circumference 
and proprioception scores   

FLX105º FLX120º FLX135º EX75º EX60º EX45º

Thigh circumference 
(cm) -.254 -.388 -.295 .123 -.018 -.086

Leg circumference 
(cm) .501 -.165 .178 -.043 -.103 -.333
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The correlation between proprioception scores measured in the 
circumference of the non-operated thigh and leg was examined 
with the Pearson correlation test. When the results were 
evaluated, a positive correlation was observed only between 
thigh circumference and Flx120º (p<0.01, r=.639) (Table 6).

Table 6. The correlation between the non-operated side thigh and leg 
circumference and proprioception scores   

FLX105º FLX120º FLX135º EX75º EX60º EX45º

Thigh circumference 
(cm) .277 .639* -.062 -.432 -.181 .008

Leg circumference 
(cm) .099 .069 -.167 .027 -.061 -.094

Discussion

Our 6th month post-operative results did not show a significance 
between operated and non-operated sides in patients who had 
undergone ST/G ACLR operation. These results showed that 
thigh circumference, leg circumference and proprioceptive sense 
on operated side approached the healthy side in an average of 
6 months, indicating a good rehabilitation process after ACLR 
and regeneration of ACL receptors. No significance was found in 
general in the correlation analyses evaluated in both the operated 
and non-operated sides. A significant difference was found 
between thigh circumference and Flx120º proprioception angle 
only on the non-operated side. 

Proprioception affects neuromuscular performance; it is 
necessary for the perception of body movement and control of the 
movement, for the formation of balance, coordination and joint 
stabilization [24-26]. Decrease in proprioception after ACLR is 
explained by the emergence of some of the mechanoreceptors, 
Ruffini-type endings, and Pacinian bodies located in the skin and 
joints at the end of the surgical operation [5]. It is often preferred 
because it maintains the extensor mechanism in hamstring grafts, 
prevents atrophy of the quadriceps muscle, and provides less 
pain and less movement restriction after the operation [27,28]. 
In contrast, researchers showed different findings regarding 
proprioception occurring in patients with ACL injuries and post-
ACLR. A study conducted on 20 recreational athletes showed 
that the insufficient sensory feedback taken from pre-ACLR and 
post-6th month operated side mechanoreceptors changed the 
movement biomechanics and caused loss of proprioception [29]. 
The fact that patellar tendon method, which is another type of 
graft, requires extensive surgery, the pain experienced during the 
transition to rehabilitation and also delayed recovery are among 
the disadvantages of the method [30]. 

In a study in which patellar tendon graft was applied, researchers 
found a proprioceptive sensory deficit between the ACLR side 
and the healthy side 3 months after ACLR, but reported that 
the proprioceptive sensory deficit was closed in the 6th month 
findings. This shows that the 6-month rehabilitation and recovery 
period is a sufficient period of time for the recovery of ACL 
receptors [31]. In a study they conducted with 20 patients after 
ACLR with patellar tendon graft method, they reported a decrease 

in proprioceptive sense and proprioceptive damage decreased in 
the third month after ACLR. They explained that although the 
losses in full flexion and full extension were corrected in the 6th 
month, the losses in the moderate angles could be recovered in 
3.7 years [31]. Our current study showed that the ST/G hamstring 
autograft method produced similar results in the 6th month after 
ACLR in operative and non-operated side extension and flexion 
findings. 

The results found in the literature and our current study showed 
that proprioceptive sensory findings at 6 months after ACLR 
revealed different findings in different graft methods. However, 
the results of the studies show that the proprioceptive sense 
does not show similar findings with the healthy side after ACLR 
in individuals with high levels of physical activity, while the 
opposite is true in sedentary groups.

Researchers have shown significant loss of strength and atrophy 
in patients after ACLR [32-34]. Flexor muscle strength deficiency 
is seen in patients with hamstring grafting, while extensor muscle 
strength insufficiency is observed in patients with patellar tendon 
graft [35]. Insufficient functioning of the proprioceptive system 
may result in inadequate neuromuscular control, inability to 
perform protective muscle activities, and deterioration of joint 
stabilization [15]. 

As a result of proprioceptive deficits, there occurs a decrease in 
the dynamic activity of the muscles surrounding the knee joint 
[14-16]. Researchers have shown muscle strength deficiencies 
in the knee extensor and flexor muscles in both patients with 
a history of ACL injury and those who have undergone ACLR 
[34,36,37]. Some studies have stated that the increase in lean leg 
muscle volume and mass affects the strength in calf and thigh 
circumference measurement and researchers have interpreted 
this situation as the increase in calf and thigh circumference, 
muscle mass and muscle fibers will increase muscle strength 
[22,38]. In this study, which we conducted by assuming that the 
change in muscle strength will affect the circumference of the 
thigh and leg, our hypothesis that there may be a relationship 
between proprioceptive sense and the circumference of the legs 
has not been supported by the present findings. All the results 
found show to be the main limitation of our study as the inability 
to evaluate the healthy control group of athletes and sedentary 
patients who underwent ACLR with a different graft method. 

The fact that we did not have the results of athletes and sedentary 
healthy subjects with different grafting methods in our study 
caused us not to be able to clearly explain the relationship between 
operated and non-operated sides in terms of all parameters. In 
addition, the absence of a relationship between thigh and leg 
circumferences and proprioceptive sense in both the operated 
and non-operated sides revealed the idea that the patients were 
sedentary. Repeating the study with the athletic population in 
future studies is important in order to evaluate the correlations 
that may arise depending on the physical activity status. Since 
the present study includes only patients who underwent ACLR 
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with hamstring graft method, it is thought that the evaluation of 
the healthy control group of athletes and sedentary patients who 
are applied different ACLR grafting methods will give clearer 
results in future studies. 

The main limitation of the study was that the subjects were 
referred to the same rehabilitation specialist after ST/G ACLR, 
but rehabilitation details were not obtained. In addition, there 
were no healthy controls in the study. Conducting further 
research by eliminating these limitations will enable us to see the 
results more clearly.

As a result of the study, similar thigh and leg circumference and 
proprioceptive sense results of the OP and NONOP sides after 
the post operative 6th month ST/G ACLR showed that the ST/G 
ACLR method reached the same level with the NONOP side in 
the 6th month with the same rehabilitation program. This shows 
that the ST/G ACLR method is a viable method in terms of thigh 
and leg circumferences as well as proprioceptive sense. After the 
main limitation of the research is eliminated, further research 
will make the results clearer. In addition, researches to be carried 
out not only with the ST/G ACLR method but also with all other 
grafting methods will show which method will yield clearer 
results.
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