
O R I G I N A L  A R T I C L E

01

Acknowledgments

The Editors thank the following colleagues and experts for their invaluable help in reviewing the manuscripts submitted to 
Muscles, Ligaments and Tendons Journal for the year 2021 (January-December). 

Omolbanin Abaspour
Rocco Aicale  
Behrouz Attarbashi Moghadam  
Fortunato Battaglia
Gian Nicola Bisciotti
Carlo Biz
Mikhail Santos Cerqueira
Rakesh Chakule
Bruno Corrado
Cosimo Costantino
Alessio D’Addona
Angelo De Carli
Calogero Foti
Vanessa Franco
Mara Frattasio 
Augusto Fusco
Flávia Guerra  
Bernardo Innocenti
Ali Yavuz Karahan
Defne Kaya
Afxentios Kekelekis
Erwin Lamparelli

Kelly Lima
Ana Paula Marinho 
Emanuela Marsilio
Gabriele Mascherini 
Filippo Maselli
Filippo Migliorini
Marco Alessandro Minetto 
Sandeep Nema
Angela Notarnicola
Wagner Oliveira  
Gholam Reza Olyaei 
Johnny Padulo
Roberta Palumbo
Eleonora Piccirilli
Andrea Pintore  
Alvaro Eduardo Puelles 
Laura Rehak
Pierluigi Ritrovato 
Mohammad Mohsen Roostayi 
Mario Vetrano
Filippo Vittadini  
Marcello Zappia

Nr 2022;12 (1):01



O R I G I N A L  A R T I C L E Nr 2022;12 (1):02-08

2

SUMMARY
Several studies have investigated the association of posterior tibial slope (PTS) with 
anterior cruciate ligament (ACL) injury. However, the results have been inconclusive 
and even contradictory. The first goal of this study was to evaluate the association of 
PTS with an ACL injury. The second goal was to identify the patients’ characteris-
tics that might affect PTS and ACL injury. In a retrospective case-control study, PTS 
was evaluated in the MRI of the 173 patients with an ACL tear and 136 patients who 
underwent MRI for other knee injuries. MRI images were analyzed using imaging soft-
ware (OsiriX). The role of the patient’s characteristics, such as age and gender, in the 
association of PTS with an ACL injury was also assessed in the ACL tear group. Both 
medial and lateral PTS were significantly more in the ACL tear group than the ACL 
intact group (p < 0.001 for both). In patients with an ACL tear, lateral PTS, but not 
medial PTS, was significantly greater in females and older patients (p = 0.23 and < 
0.001 respectively). In multivariate analysis, lateral PTS, older age, female gender, and 
associated injury were significant risk factors of an ACL tear. Medial PTS was not iden-
tified as a significant risk factor of the ACL tear in the multivariate model. Although 
PTS is a significant predictor of an ACL tear, patients’ characteristics such as gender 
and age could be used further to characterize the association of PTS and ACL injury 
and identify the subjects at higher risk of ACL injury.
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BACKGROUND
The anterior cruciate ligament (ACL) injuries are among 
the most common knee injuries, which generally occur 
when pivoting or landing after a jump (1, 2). Even with 
accelerated rehabilitation programs, recovery (rehabilita-
tion after surgery) from ACL injuries usually lasts 6 to 8 
months (3, 4). Nevertheless, a significant number of profes-
sional athletes who sustain an ACL injury do not return to 
top-level competition (5). Moreover, ACL injury has signif-
icant potential for the induction of early-onset osteoarthri-
tis (6). These serious short- and long-term consequences of 

ACL injuries encourage further investigations on identify-
ing predisposing factors of ACL injuries.
Several extrinsic and intrinsic factors risk factors have been 
suggested for ACL injury. Weather, condition of playing 
field, and footwear are acknowledged as the extrinsic risk 
factors of ACL injury (7). Many hormonal, physiologic, and 
genetic factors have been noticed as the intrinsic risk factors 
of ACL injury (8). Several anatomic characteristics have also 
been associated with the increased risk of ACL injury, such 
as decreased intercondylar femoral notch size, increased 
anterior-posterior knee laxity, and decreased concavity 
depth in the medial tibial plateau (9). 
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Posterior tibial slope (PTS) has been suggested as an 
anatomic risk factor for ACL injury. Based on biomechan-
ical studies, PTS plays a vital role in the knees stability so 
that increased PTS is associated with a more extensive 
anterior tibial translation and a consequently higher rate 
of ACL injury (10, 11). The association of increased PTS 
with increased risk of ACL injuries has been demonstrat-
ed in several clinical studies (12-15). However, the results 
of studies that have examined the relationship between 
demonstrated injury have been inconclusive and sometimes 
contradictory (15-19).
Patients’ characteristics such as age and gender have been 
suggested as factors impairing the association between PTS 
and ACL injury, leading to the inconclusive results of earli-
er investigations (19). We hypothesized that further catego-
rization of patients according to their age and gender would 
shed more light on the role of PTS as a risk factor of ACL 
injury. Such categorization also provides more consensuses 
regarding the implication of PTS for screening purposes as 
a part of ACL injury prevention programs. This study adds 
to the existing literature, working toward a consensus.
This investigation aimed to evaluate the relationship 
between PTS and ACL injury in a case-control study. The 
studys secondary goal was to determine the role of patients 
age and sex in the association of PTS with an ACL injury.

MATERIALS AND METHODS
The study was conducted in accordance with institution-
al and international (Declaration of Helsinki) standards. 
Ethical approval was obtained from the Ethics Committee 
of Isfahan University of Medical Sciences (IR.MUI.MED.
REC.1397.366). Before provision of written informed consent, 
all study participants received written and verbal information 
about voluntary participation and the purpose and using their 
information and data in the study. After the examination, 
all participants were informed of relevant findings. Where 
indicated, they were advised to contact an appropriate care 
provider, or they were referred for further investigation. 
This study was done in Ayatollah Kashani Hospital, Isfah-
an, Iran, and patients provided written consent to use their 
medical files for publication. In a retrospective case-control 
study, the medical notes of patients consecutively referred 
to our university hospital between 2018 and 2019 and who 
had a knee injury were reviewed. The patients were includ-
ed in the study if they had a knee MRI (magnetic resonance 
imaging) and age of 18-50 years. Patients with a multi-liga-
ment knee injury or a history of knee surgery were excluded 
from the study. From a total of 357 patients, 309 patients 
were identified as eligible for the study. PTS was compared 
between patients with and without an ACL tear.

ACL was assessed using a 4-point grading scale for ACL inju-
ries, including intact, low-grade partial (less than 50% of 
ligament substance), high-grade partial (more than 50% of 
ligament substance), complete tear (20). Demographic char-
acteristics of the patients, such as age, gender, and mechanism 
of injury, were extracted from the patients notes. MRI was 
analyzed using imaging software (OsiriX). The tibial slope was 
assessed according to the previously described method (21). 
For this purpose, we first identified the longitudinal axis of 
the tibia on the adequate MRI slice. Then, we highlighted the 
sagittal anatomical axis of the tibia by a line. After identify-
ing the mediolateral center of the medial plateau, we draw a 
tangential line connecting the posterior cortex of the medial 
plateau to the uppermost superior-anterior cortex. The angle 
between the line orthogonal to the longitudinal axis and the 
line tangential to the surface of the medial plateau was regard-
ed as the slope of the medial tibial plateau. The slope of the 
lateral tibial plateau was measured by identifying the medio-
lateral center of the lateral plateau and by repeating the steps 
which were described for the calculation of the medial tibial 
plateau (figure 1).
Two fellowship-trained knee surgeons did the measure-
ments. The reliability of measurements was assessed by 
intraclass correlation (ICC) analysis on 20 randomly 
selected MRIs. In this respect, an ICC value of 0.97 and 
0.98 was obtained for the lateral and medial tibial plateau, 
respectively, showing a strong correlation between inves-
tigators measurements.

Figure 1. Posterior Tibial Slope measurement by using Osirix 
software.
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Characteristics features of the patients 
The study population included 190 (61.5%) males and 119 
females (38.5%) with a mean age of 31.9 ± 8.6 years (range 
18-49). Injury during non-contact sports participation was 
the most frequent mechanism (n = 106, 34.3%). ACL tear 
was detected in 173 (56%) patients, while the ACL was 
intact in the remaining 136 (44%) patients. The low-grade 
partial tear was the most common type of ACL tear (n = 88, 
50.9%). The characteristic features of the patients with and 
without an ACL tear are demonstrated in table I. 

Statistical analysis
SPSS for Windows, version 16 (Chicago, Illinois, USA) was 
used for statistical evaluations.  Descriptive statistics were 
presented as mean ± standard deviation (SD) or number 
and percentage. An independent T-test was used for the 
comparison of mean values between the two study groups. 
A one-way ANOVA test was used for the comparison of 
mean values between more than two groups. A chi-square 
test was used to evaluate the association between categorical 
variables. Pearsons or Spearmans correlation coefficient test 
was used for the evaluation of potential correlations. Bina-
ry logistic regression analysis was used for the multivariate 
analysis. 

A P-value of less than 0.05 was considered significant. It is 
noteworthy that the power test value was higher than 80% 
in all statistical tests, according to sample size.

RESULTS
The mean medial PTS was 7.62 ± 1.21° (range 2.73-12.47). 
The mean lateral PTS was 7.24 ± 1.16° (range 2.68-12.33). 
The difference between medial and lateral PTS was statis-
tically significant (p = 0.04). However, a significant correla-
tion was observed between the lateral and medial PTS (r = 
0.880, p < 0.001). The mean medial PTS was 7.87 ± 1.21° 
in patients with an ACL tear (included: high grade and low 
grade) and 7.31 ± 1.15° in patients without ACL tear. This 
difference was statistically significant (p < 0.001). The mean 
lateral PTS was 7.47 ± 1.11° and 6.95 ± 1.17° in patients 
with and without ACL tear, respectively. This difference was 
statistically significant, as well (p < 0.001). 
According to the results of the study, there was an association 
between PTS grade and medial (r = 0.249; p < 0.001) and 
lateral (r = 0.23; p < 0.001). Also, the mean medial and later-
al PTS was significantly more in patients with a low-grade 
partial tear. The mean medial and lateral PTS was signifi-
cantly more in higher age groups as well. Also, the medial 
and tibial PTS were significantly more in patients with asso-

Table I. Comparison of characteristic features between patients with and without an ACL tear.

Variable With ACL tear (n = 173) Without ACL tear (n = 136) P-value

Age (year) 33.1 ± 8.9 30.4 ± 8.1 0.007

Sex
Male
Female

120 (69.4)
37 (30.6)

70 (51.6)
66 (48.5)

0.001

Mechanism of injury
Fighting
Contact sport
Non-contact sport
Motor vehicle accident
Falling

7 (4.1) 4 (2.9)

30 (17.3)
63 (36.4)

29 (21.4)
43 (31.6)

0.48

44 (25.4) 34 (25)

18 (10.4) 20 (14.7)

Associate injury
Yes
No

76 (43.9)
97 (56.1)

102 (75)
34 (25)

< 0.001

Tear type
Complete tear
High grade partial tear
Low grade partial tear

36 (20.8)
39 (22.5)
98 (55.7)

-
-
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ciate injuries. No significant association was found between 
the patients lateral and medial PTS and gender (table II).
In patients with an ACL tear, the mean medial PTS was not 
significantly different between the male and females and in 
different age groups. The mean lateral PTS was significantly 
more in females and the older age group (table III).
According to the logistic regression analysis, lateral PTS was 
a significant risk factor of an ACL tear, so that for every 1° 
increase in lateral PTS, the risk of ACL tear increased 1.37-
fold. Age, sex, and associate injury were other significant 
risk factors of an ACL tear.

DISCUSSION
In this study, we evaluated the role of PTS as a risk factor 
of ACL injury, considering the role of other clinicodemo-
graphic characteristics of the patients in this association. 
According to our univariate analysis, both medial and later-
al PTS were more in patients with an ACL tear. In patients 
with an ACL tear, lateral PTS was significantly increased in 
females and older patients. In multivariate analysis, lateral 
PTS was a significant risk factor for an ACL tear. Older age, 
female gender, and associate injury were identified as other 
risk factors for an ACL tear.

Table II. Comparison of medial and lateral PTS in different subgroups of patients. 

Variable Medial PTS P-value Lateral PTS P-value

ACL tear
Positive
Negative

7.87 ± 1.21 < 0.001 7.47 ± 1.11 < 0.001

7.31 ± 1.15 6.95 ± 1.17

Type of tear

Complete tear
High-grade partial tear
Low-grade partial tear

7.66 ± 1
7.48 ± 0.99
8.14 ± 1.31

< 0.001
7.4 ± 0.88
7.09 ± 0.94
7.66 ± 1.2

< 0.001

Age group
< 20 years
20-29 years
30-39 years
> 40 years

6.54 ± 1.32 6.29 ± 1.44

7.43 ± 0.83 < 0.001 7.01 ± 0.96 < 0.001

7.73 ± 0.93 7.44 ± 0.89

8.2 ± 1.4 7.79 ± 1.22

Sex
Male
Female

7.55 ± 1.15 0.2 7.18 ± 1.15 0.23

7.74 ± 1.3 7.34 ± 1.08

Associate injury
No
Yes

7.47 ± 1.08
7.84 ± 1.34

0.008 7.14 ± 1.08
7.39 ± 1.27

0.01

PTS: Posterior Tibial Slope.

Table III. Logistic regression analysis showing the association of PTS and other characteristic.

Variable Odds ratio 95% CI P-value

Lateral PTS 1.37 1.08-1.74 0.01

Age 1.03 1.002-1.059 0.039

Sex 2.91 1.679-5.057 < 0.001

Associate injury 3.308 1.958-5.588 < 0.001

PTS: Posterior Tibial Slope; Cl: Confidence Interval.
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Previous studies have investigated the association of PTS with 
an ACL tear. Şenişik et al., in a longitudinal study, examined
the effect of PTC on the risk of ACL in soccer players. PTS in 
the injured players was more significant than in injured play-
ers. In addition, a higher PTS was observed in the dominant 
legs of injured players compared to the non-dominant legs 
(22). The case group in the current study was not limited to 
soccer players. However, similar to the study of Şenişik et al.,
PTS (medial and lateral) was higher in the injured group.
Stijak et al. examined the effect of the PTS on the ACL 
lesion in a matched case-control study. According to the 
results of this study, the lateral PTS was significantly great-
er in the case group (ACL tear) than in the control group 
(ACL intact), while the medial PTS was lower than the 
control group. In both groups, the difference between the 
lateral and medial PTS was statistically significant (15). 
Similar to the study of Stijak et al., we observed a significant 
difference between medial and lateral PTS. Although both 
medial and lateral PTS were significantly greater in patients 
with an ACL tear in our univariate analysis, only lateral PTS 
was identified as a risk factor of an ACL tear in multivari-
ate analysis.
Hohmann et al. evaluated the correlation between PTS and 
noncontact. PTS was significantly more in patients with an 
ACL injury in Comparison with those without ACL injury. 
In the ACL injury group, PTS was significantly more in the 
female group. They concluded that increased PTS contributes 
to noncontact ACL injuries in females but not in males (23). 
In this study, we used MRI for the evaluation of PTS. Never-
theless, similar to the study of Hohmann et al., we found a 
greater lateral PTS in female patients who had an ACL tear.
Waiwaiole et al. aimed further to characterize the relation-
ship of PTS with an ACL injury to enable the identification 
of individuals at greater risk for ACL injury. In addition to 
investigating the relationship between PTS and ACL inju-
ry, they aimed to determine whether there are any patient 
factors, such as age, race, or sex, that correlate with the asso-
ciation of PTS and ACL injury. They included 107 patients 
who had undergone surgery for ACL injury and 114 control 
subjects diagnosed with patellofemoral syndrome. According 
to their results, medial and lateral PTS were both significant-
ly more significant in the case group. In multivariate analy-
sis, lateral PTS and age were identified as the significant risk 
factors of ACL injury. However, medial PTS, race, and sex 
were not significant predictors of ACL injury in the multi-
variate model (19). Grassi et al., in their MRI Case-Control 
Study, evaluated the relationship between Steep Posterior 
Tibial Slope, Anterior Tibial Subluxation, Deep Posterior 
Lateral Femoral Condyle, Meniscal Deficiency, and Multiple 
Anterior Cruciate Ligament Failures. A steep posterior tibial 
slope and an increased depth of the lateral femoral condyle 

represent a common finding among patients who experience 
multiple ACL failures.
Moreover, higher values of anterior subluxation were found 
among patients with repeated failure and those with a medial 
or lateral meniscal defect (24). In another study, Suprasanna 
et al. evaluated the Comparison of anatomical risk factors for 
noncontact anterior cruciate ligament injury using magnet-
ic resonance imaging. They found that Narrow Notch width 
index and increased Patellar tendon tibial shaft angle are 
predictors of ACL injury. PTTS angle, which has been stud-
ied as a function of knee flexion angle, can be an independent 
predictor of ACL injury (25). In contrast to our study, Hudek 
et al. evaluated Noncontact ACL Injury Association with the 
Posterior Tibial and Meniscal Slope and found no apparent link 
between the medial or lateral PTSs and ACL injury. There is no 
apparent link between the relative difference in the medial and 
lateral PTSs and noncontact ACL injury (26). In a comparative 
MRI study by Elmansori et al., they found that increased tibial 
slopes, both bony and meniscal, are risk factors for ACL injury. 
As the meniscus tends to correct the observed slope towards 
the horizontal, loss of the posterior meniscus may potentiate 
this effect by increasing the functional slope (27). Similar to the 
study of Waiwaiole et al., lateral PTS and age were significant 
predictors of ACL injury in multivariate analysis of the present 
study. By contrast to the study of Waiwaiole et al., the female 
gender was also a significant predictor of ACL injury in multi-
variate analysis of the current series.
Altogether, the results of the current study reveal that char-
acteristic features of subjects could be used for identifying 
patients who are at greater risk of ACL injury and could poten-
tially benefit from the modification of PTS also need to follow 
up many patients to show a difference, therefore, a retrospec-
tive study may be the optimal way to study this association.
The strength point of our study was the measurement of PTS 
using MRI and OsiriX software, which provides a more accu-
rate assessment in Comparison with radiographs. The main 
weakness of this study was its retrospective identity. Another 
is Ignoring other influential factors such as meniscal slope and 
evaluation of them in this study. Therefore, future prospective 
studies are warranted to support the results obtained in this 
study. Purely radiological definition of injury, the definition of 
associated injury were the other limitations of our study.

CONCLUSIONS
Both medial and lateral PTS are significantly greater in patients 
with an intact ACL tear in comparison with patients with intact 
ACL. However, only lateral PTS is a significant risk factor for 
an ACL tear in multivariate analysis. Therefore, Lateral PTS 
should be regarded as a risk factor for an ACL tear. In patients 
with an ACL tear, PTS was significantly more in females and 
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older patients. Therefore, Female gender and older age are also 
identified as independent risk factors for an ACL tear.

Study limitation
One of the major limitations of our study is lack of sample 
however our data values could led us to the previous conclu-
sion. But further studies with a greater sample size is recom-
mended. Another limitation of our study is not including the 
values of the meniscal lateral tibial slope and meniscal medi-
al tibial slope in our data analyzing. In one study conducted 
by Ferretti et al a prospective evaluation was undertaken of 
200 consecutive patients undergoing acute ACL reconstruc-
tion and The comprehensive evaluation of soft tissue and 
osseous factors such as the meniscal lateral tibial slope and 
meniscal medial tibial slope has identified that injury to the 
ALS is the most important risk factor for grade 3 pivot shift 
in acute ACL-injured knees (28) , which indicates the essen-
tial of evaluating those factors in further studies.
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SUMMARY
Background. Muscle and joint problems are recognized complications following acute 
infection of coronavirus infection. Long Covid is the recognized term now that is given 
to symptoms like fatigue, myalgia, respiratory and neurological problems that occur or 
persist in recovery phase.
Objective. The objective of the present study is to identify the long term musculo-
skeletal complications of SARS-CoV2 infection in a sample of 367 individuals and to 
analyze the relation between the intensity of these complications and severity of illness.
Methods. COVID PCR positive patients were enrolled in this study. COVID-19 
symptoms at the time of infection and musculoskeletal symptoms like fatigue, myalgia, 
arthralgia, muscle weakness, cracking or popping sound from joints and muscle stiff-
ness in recovery period were asked from patients. The intensity of these symptoms was 
also recorded for these symptoms. The data was described in frequency and percent-
ages mostly where P-value < 0.05 was considered significant.
Results. 187 hospitalized and 180 non hospitalized patients were analyzed in this 
study. Results showed that a quite large percentage of the enrolled patients suffered 
from fatigue (55%), myalgia (39%), arthralgia (25%), and muscle weakness (12%) 
during the 6 months following the confirmed date of COVID 19 infection. No rela-
tion between severity of COVID 19 infection and musculoskeletal complications was 
identified.
Conclusions. Most patients had at least one or more symptoms which emphasize the 
persistence of musculoskeletal problems after recovery from acute illness. The health-
care workers need to be vigilant about such problems and plan further steps such as 
providing rehabilitation for such individuals.
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BACKGROUND
Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) belongs to a group of respiratory viruses that are 
responsible for a wide spectrum of problems related to the 
respiratory system and can cause mild, moderate or severe 
disease that may require mechanical ventilation. In addition 
to the respiratory system, coronavirus disease 2019 (COVID-
19) can also affect the neurological, musculoskeletal and
gastrointestinal systems (1). Musculoskeletal manifesta-
tions are common in patients with COVID-19. It is possible

that these symptoms, which include muscle weakness and 
arthralgia, are due in part to prolonged immobilisation (2).
Long-term effects of SARS-CoV-2 infection, including 
persistent fatigue, muscle dysfunction and dyspnoea, in 
people who were admitted to an intensive care unit are also 
referred to as post-intensive care syndrome (3). Patients 
who have mild to moderate symptoms can also have long-
term sequelae. Notably, individuals who are homebound 
tend to develop a sedentary lifestyle, and this physical 
inactivity leads to attenuated muscle and joint function (4).
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Social isolation and functional limitations contribute to the 
appearance of musculoskeletal symptoms like facial muscle 
pain and pain in joints, especially in patients who have 
autoimmune diseases such as rheumatoid arthritis, spon-
dyloarthropathy and systemic lupus erythematosus. More-
over, patients with fibromyalgia tend to develop exaggerat-
ed symptoms of fatigue, possibly due to stress and anxiety 
associated with these social restrictions (5). Thus, physio-
therapists must face both the complications of having fewer 
resources for physical therapy and patients’ limitations in 
performing the prescribed exercises. Patients recovering 
from SARS-CoV-2 infection may face both short- and long-
term complications (6).
Studies carried out in survivors of severe acute respirato-
ry syndrome showed reduced cardiorespiratory capacity, 
musculoskeletal limitations and reduced quality of life even 
after the end of the disease, which shows the need for reha-
bilitation to enable full recovery (7). Another study revealed 
that the majority of individuals who were previously affect-
ed by COVID-19 experienced persistence of at least one 
symptom. Patients were re-evaluated within three months 
after discharge, and it was found that many had on going 
fatigue and joint pain (8).
The persistent musculoskeletal symptoms in coronavirus 
survivors should be identified so that they can be addressed 
with proper rehabilitation (9). This study will help char-
acterise the long-term musculoskeletal complications in 
our population in relation to prior severity of illness. This 
research has important implications for addressing the 
long-term health issues of patients who were affected in 
this pandemic, as it could help ensure their proper care and 
complete recuperation. The long-term joint and muscular 
problems in long COVID have not been widely studied; 
thus, this study is a very powerful source of information.

MATERIALS AND METHODS
In this random consecutive cross-sectional study, patients 
who had symptomatic laboratory-confirmed SARS-
CoV-2 infection in the last 6 months were enrolled from 
31/12/2020 to 31/3/2021. Ethical approval was obtained 
from Shaikh Zayed Federal Postgraduate Medical Insti-
tute on, Lahore, Pakistan on 31/12/2020 (SZMC/inter-
nal/0093/2020) with respect of protocol of Helsinki. The 
patients who were not admitted were reached through 
social media, relatives and colleagues of healthcare work-
ers. The studied population was approached at different 
points in time during the 6 month recovery period after 
their positive PCR test for SARS-CoV-2. Informed consent 
was obtained from all patients, following which they were 
asked about their COVID symptoms, which were catego-

rised as mild (patients with mild respiratory symptoms of 
low-grade fever (< 100 °F), cough, flu), moderate (shortness 
of breath in addition to fever (> 100 °F), cough with or with-
out sputum, flu) or severe (respiratory failure, shock, multi-
organ dysfunction or requiring ventilation) (10). Patients 
were also asked about the presence of symptoms like myal-
gia (11), fatigue (12), arthralgia (13), muscle weakness (14), 
cracking/popping from joints and muscle stiffness. In addi-
tion, patients were asked to describe the intensity of their 
myalgia, fatigue, arthralgia and muscle weakness to the best 
of their understanding, and the severity of each of these 
symptoms was categorised as follows: none (no problem), 
mild (symptom is present, but infrequently (i.e., not on a 
daily basis), moderate (symptom present daily and exacer-
bated with exercise) and severe (persistent symptom that 
prevents the patient from doing routine activities). The data 
was carefully entered into a well-designed questionnaire. 
Patients were also asked about joint pain, and any joints 
that were swollen, warm, red and painful to touch without 
recent history of trauma or long-standing joint disorders 
were labelled as having arthritis. Patients reporting arthritis 
were asked whether they had already visited a doctor and 
received a diagnosis for this complaint, and those who had 
not were advised to see one immediately and were contacted 
later for their diagnosis. In addition, their treating physician 
was contacted to confirm the diagnosis.
Patient’s ≥ 20 years of age with a laboratory-confirmed case 
of COVID-19 in the last 6 months were included in the 
study. Patients who had had a positive PCR test for SARS-
CoV-2 within the last month or who had diabetes mellitus 
(15) for more than 10 years, a cerebrovascular accident (16) 
in their history or a known case of joint disorder (17) were 
excluded from the study. Data on age, hospital stay and time 
to recovery is presented as mean ± SD if normally distribut-
ed and median (IQR) otherwise. Data on age, gender, occu-
pation, severity of COVID-19, and symptoms like fatigue, 
myalgia, arthralgia, muscle weakness, cracking or popping 
sound in joints, muscle stiffness and arthritis is presented 
as frequencies and percentages. Pearson’s correlations were 
performed to determine whether the conditions listed above 
were associated with age, gender and severity of COVID-
19. A P-value of < 0.05 was considered statistically signifi-
cant. SPSS 25.0 was used for detailed analysis.

RESULTS
The demographic details of patients enrolled in this study 
are presented in table I. The mean age was 42.73 ± 15.84 
years, and the sample consisted of 48.3% women and 51.7% 
men. Information on participants’ age, gender, and occu-
pation and hospitalisation record is presented in tabulated 
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form (table I). There were more male participants, predom-
inantly of younger age group between 25 and 35 years 
of age, over half of them were employed and the majori-
ty were hospitalised for COVID-19 infection. Of the 367 
total patients, 187 were admitted to a care facility and 180 
were treated at home. The COVID-19 cases were defined as 
described in the methods section; of the total, 57% of survi-
vors had mild disease, 38% had moderate disease and 5% 
had severe disease at the time of illness.
Analysis of comorbidities according to organ involvement 
revealed that patients with disorders of the endocrine 
system such as diabetes of less than 10 years and thyroid 
dysfunction comprised 11% of the total study population. 
In addition, 8% had cardiovascular problems. Seventy-nine 
percent had no comorbidities at the time of question in 
regards to this research. When all of the rheumatological 
symptoms were grouped according to gender, it was noted 
that for mild fatigue, 29% of men and 28.8% of women 

were affected with this symptom during the recovery peri-
od. Regarding severe arthralgia and myalgia, 0.5% of men 
and 2%–3% of women were symptomatic in the next six 
months after infection. The details of all symptoms accord-
ing to gender are provided in table II.
Most of the patients in this study had some degree of fatigue 
and myalgia at some point in time during the convales-
cent phase of 6 months after SARS-CoV-2 infection. Over-
all, 15.3% reported persistent arthralgia and only 8.8% 
complained of muscle weakness. Of the studied population, 
55% had fatigue, 39% had myalgia, 25% had arthralgia 
and 12% had muscle weakness. Twenty-six percent of the 
patients who had mild COVID-19 had mild myalgia, while 
5.6% of those with severe COVID-19 had mild myalgia; 
thus, no correlation could be detected between COVID-
19 severity and mild myalgia symptoms. Similarly, 31% of 
patients with mild COVID-19 and 16% of patients with 
severe COVID-19 suffered from mild fatigue (table III a). 

Table I. Demographic details of study population.

Variables N % χ2-value P-value Mean ± SD
Occupation

None 79 22
Business 14 4
Employed 126 34
House Wife 54 15
Professional 94 26

Gender 10.14 0.001
Male 214 58.3
Female 153 41.7

Age (years) 83.26 42.73 ± 15.84
15-25 24 7
25-35 131 36
35-45 76 21
45-55 56 15
> 55 80 22

Hospitalized 0.134 0.715
No 180 49
Yes 187 51
Hospitalized Days

No Stay at Hospital 180 49 359.3 < .001
1-7 (one week) 12 3
8-14 (two week) 46 13
15-21 (three week) 96 26
22-28 (four week) 18 49
> 28 (more than one month) 15 4

This table gives the detail of participants based on their age group, gender, occupation, hospitalization and days of hospital stay if admitted.
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Table II. Rheumatological symptoms distributed according to gender.

Gender

Symptoms Male
n (%)

Female
n (%)

Total χ2-value (df) P-value

Myalgia 18.09 (3) < .001

None 149 (69.6) 75 (49.0) 224 (61.0)

Mild 43 (20.1) 43 (28.1) 86(23.4)

Moderate 21 (9.8) 32 (20.9) 53(14.4)

Severe 1 (0.5) 3 (2.0) 4 (1.1)

Total 214 (100) 153 (100) 367 (100)

Arthralgia 15.32 (3) .002

None 176 (82.2) 100 (65.4) 276 (75.2)

Mild 29 (13.6) 37 (24.2) 66 (18.0)

Moderate 8 (3.7) 11 (7.2) 19 (5.2)

Severe 1 (0.5) 5 (3.3) 6 (1.6)

Total 214 (100) 153 (100) 367 (100)

Fatigue 13.067 (3) .004

None 111 (51.9) 56 (36.6) 167 (45.5)

Mild 62 (29.0) 44 (28.8) 106 (28.9)

Moderate 37 (17.3) 49 (32.0) 86 (23.4)

Severe 4 (1.9) 4 (2.6) 8 (2.2)

Total 214 (100) 153 (100) 367 (100)

Muscle Weakness 8.88 (3) .031

None 197 (92.1) 128 (8.7) 325 (88.6)

Mild 15 (7.0) 17 (11.1) 32 (8.7)

Moderate 2 (0.9) 6 (3.9) 8 (2.2)

Severe 0 (0) 2 (1.3) 2 (0.5)

Total 214 (100) 153 (100) 367 (100)

Cracking or 
popping sound  

8.972 (3) .003

Absent 207 (96.7) 136 (88.9) 343 (93.5)

Present 7 (3.3) 17 (11.1) 24 (6.5)

Total 214 (100) 153 (100) 367 (100)

Joint stiffness 1.238 .266

Absent 201 (93.9) 139 (90.8) 340 (92.6)

Present 13 (6.1) 14 (9.2) 27 (7.4)

Total 214 (100) 153 (100) 367 (100)

Arthritis 0.699 (3) .403

Absent 212 (99.1) 150 (98.0) 362 (98.6)

Present 2 (0.9) 3 (2.0) 5 (1.4)

Total 214 (100) 153 (100) 367 (100)
The rheumatological problems are distributed according to male and female gender and percentages of these symptoms present in all the population is 
given in detail.
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Similar discrepancies were observed for other variables (i.e., 
arthralgia and muscle weakness). A cracking or popping 
sound in joints was observed in 7% of the individuals in 
the study; likewise, 7% experienced muscle stiffness during 
their recovery phase. No links could be established between 
the severity of disease and the problems of noisy joints and 
muscle stiffness. One percent of the studied population had 
developed arthritis (i.e., warm, red, painful and swollen 
joints). Of these five individuals, two had ankle joint arthri-
tis, one had arthritis in a single wrist joint, one had knee 

Table III. Association of Covid 19 case and musculoskeletal symptoms.

a)

COVID-19
Case

Myalgia Fatigue

None 
n (%)

Mild
n (%)

Moderate
 n (%)

Severe 
n (%)

None 
n (%)

Mild 
n (%)

Moderate
n (%)

Severe
n (%)

Mild 133 (63) 57 (27.0) 21 (10.0) 0 (0) 103 (48.8) 66 (31.3) 42 (19.7) 0 (45.5)

Moderate 81
(58.7)

28
(20.3)

27 (19.6) 2 (1.4) 59 (42.8) 37 (26.8) 35 (25.4) 7 (28.9)

Severe 10
(55.6)

1
(19.3)

5 (27.8) 2 (11.1) 5 (27.8%) 3 (16.7%) 9 (50.0%) 1 (23.4)

Total 224
(61.0)

86
(1.4)

53 (14.4) 4 (1.1) 167 (45.5) 106 (28.9) 86 (5.6) 8 (2.2)

χ2 -value = 31.26, p < .001 for Myalgia; χ2-value = 14.13, p = .028 for Fatigue; χ2 -value = 21.13, p = .002 for Arthralgia; χ2-value = 52.62, p < .001 for 

Muscle Weakness.

b)

COVID-19
Case

Arthralgia Muscle Weakness

None 
n (%)

Mild 
n (%)

Moderate
 n (%)

Severe
 n (%)

None 
n (%)

Mild
n (%)

Moderate
n (%)

Severe
n (%)

Mild 159 (75.4) 44
(20.9)

7 (3.3) 1 (5) 192
 (91.0)

19
 (9.0)

0 (0) 0 (0)

Moderate 106
(76.8)

19
(13.8)

9 (6.5) 4 (2.9) 118
(85.5)

12
(8.7)

8 (5.8) 0 (0)

Severe 11 (61.6) 3 (16.7) 3 (16.7) 1 (5.6) 15 (83.3) 1 (5.6) 0 (0) 2
(11.1)

Total 276 (75.2) 66 (18.0) 19 (5.2) 6 (1.6) 325 (88.6) 32 (8.7) 8 (2.2) 5 (5)

arthritis and one developed arthritis of all small joints of 
both hands (table III b).
Two patients with severe myalgia had moderate COVID-19 
and two had severe COVID-19, suggesting that the intensi-
ty of myalgia symptoms is not directly related to the sever-

ity of COVID-19 (tables III, IV). Pearson’s correlation 
was performed to measure associations between COVID-
19 severity and the intensity of musculoskeletal symp-
toms (table V). Notably, of the eight patients with severe 
fatigue, seven had moderate and one had severe COVID-
19. Arthritis was found in only five patients (p = 0.699). 
These patients were followed long term (for 6 months after 
COVID-19) and it was discovered that the patient with 
swelling of the small joints of the hand had developed rheu-
matoid arthritis, one of the patients with ankle arthritis had 

actually experienced a gout episode for the first time (iden-
tified by synovial aspirate) and the patient with swelling of 
the knee joint was told by his doctor that it was due to his 
osteoarthritis precipitated by recent strenuous exercise. No 
cause could be identified for the patient with wrist swell-
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Table IV Association between Cracking/popping of joints, Muscle stiffness and Arthritis to severity of Covid 19 illness.

Covid 19 case Cracking/ Popping of joints Muscle Stiffness Arthritis
Present Absent Present Absent Present Absent

Mild 202 (95.7%) 9 (4.3%) 198 (93.8%) 13 (6.2%) 209 (99.1%) 2 (0.9%)

Moderate 1.26 (91.3%) 12 (8.7%) 127 (92.0%) 11 (8.0%) 136 (98.6%) 2 (1.4%)

Severe 12 (8.7%) 3 (16.7) 15 (83.3%) 3 (16.7%) 17 (94.4%) 1 (5.6%)

Total 343 (93.5%) 24 (6.5%) 340 (92.6%) 27 (7.4%) 36 (98.6%) 5 (4%)
This table demonstrates the symptoms of rheumatological disease spectrum like cracking or popping sound from joints, muscle stiffness and arthritis with 

the severity of Covid 19 infection.

Table V. Pearson correlation between Covid 19 symptoms and musculoskeletal problems.

Musculoskeletal 
symptoms

Myalgia Arthralgia Fatigue Muscle 
Weakness

Muscle 
stiffness

Cracking/ 
popping sound 
from joints

Arthritis

Pearson 
Correlation value

31.260* 14.131* 21.134* 52.622* 2.808** 5.856* 2.633**

*P-value < 0.05; **P-value > 0.05.

ing or the second patient with ankle joint swelling, both of 
which resolved with a few weeks of non-steroidal anti-in-
flammatory drug intake. Overall, a random distribution 
of symptoms was seen based on patients’ perception of 
their disease.

DISCUSSION
This study shows that many people who were affected by 
COVID-19 had persistence of musculoskeletal symptoms 
and continued to suffer from fatigue, myalgia, arthral-
gia and muscle weakness during their recovery, which had 
huge impact on their lives. Some had muscle stiffness and a 
popping/cracking sound coming from their joints; in addi-
tion, though rare, some patients developed arthritis lead-
ing to functional limitation. Arthritis may result from this 
viral infection itself or from an unidentified problem; to 
our knowledge, this has not yet been studied in COVID-19 
patients. These musculoskeletal symptoms should be identi-
fied and addressed carefully to build patient confidence and 
meet their rehabilitation needs in order to prevent muscle 
wasting from prolonged disuse. Moreover, it is important to 
recognise the long-term implications of these symptoms and 
address these complications to improve patients’ quality of 
life during the current pandemic, which can be challenging. 
Previous studies have reported the persistence of fatigue 
in 52.3% and 55% of patients at 2 and 6 months after 
initial SARS-CoV-2 infection, respectively (18); these find-
ings are similar to our finding that 55% of patients expe-
rienced fatigue in the 6 months after COVID-19 diagno-

sis. The prevalence of myalgia was reported to be 19% in 
a previous article (2), while the current study reported a 
rate of 38%. Halpin et al. recently reported the results of 
a structured telephone interview about symptoms after the 
acute infection phase in which 100 patients were evaluated 
approximately 48 days after discharge from the hospital; in 
their study, fatigue was the most commonly reported symp-
tom, with 72% of those who were in the ICU and 60.3% of 
those admitted to a ward reporting fatigue (19). Lechien et 
al. also reported on 417 COVID-19 patients from 12 Euro-
pean hospitals and found myalgia in 246 and arthralgia in 
129 of these patients (20). Jacob et al. reported musculo-
skeletal symptoms in greater than 50% of patients, with the 
prevalence of fatigue ranging from 8% to 47% and high-
er values for arthralgia/myalgia symptoms 50% and 59% 
respectively. The prevalence of musculoskeletal symptoms 
in studies from Europe reached high values of approximate-
ly 50% (21).
The pathophysiology behind the development and 
persistence of these symptoms is largely unknown. Howev-
er, systemic inflammation has been studied in the context 
of bone and joint tissue physiology in patients with active 
COVID-19. The cytokines that might have a role in 
decreased formation and destruction of bone and joints, 
respectively, include CXC motif chemokine ligand 10 
(CXCL10), interleukin (IL)-17 and tumour necrosis factor 
alpha (TNF-α), which lead to a net reduction in bone 
mineral density. IL-1β, IL-6 and TNF-α cytokines cause 
chondrolysis, resulting in arthralgia in elderly. Additionally, 
IL-1β, IL-17 and TNF-α are thought to promote inflamma-



15Muscles, Ligaments and Tendons Journal 2022;12 (1)

R. GulzaR, T. e Haque MaHMud, a. RasHeed, et al.

tion in tendons, resulting in impaired matrix remodelling 
and possible exacerbation of degenerative tendon disorders 
(22, 23). Muscular and neuropathic pain can result from a 
direct effect of viral proteins, macrophages circulating in the 
blood and effects on sensory nerve endings in addition to 
systemic inflammatory markers (24). Notably, the important 
role played by human leukocyte antigen (HLA) molecules in 
the immune response, especially through peptide presenta-
tion of the pathogen responsible for causing disease, and the 
huge molecular variability of HLA alleles in human popu-
lations could be responsible for the differences in severity 
of infection and patients’ symptoms following coronavirus 
infection (25). These changes in the body may lead to long-
term effects and prolongation of musculoskeletal symptoms.
Interestingly, few patients coming to out-patient clin-
ic presented biological abnormalities like increased C-re-
active protein and, in rare instances, scarce infection on 
chest computed tomographic scan. Whereas nasopharyn-
geal PCR can still be positive even 30 days after symptom 
onset (26), a previous study reported that approximately 
60 days after onset of the first COVID-19 symptom, only 
13% of the previously hospitalised COVID-19 patients 
were completely free of any COVID-19-related symptom: 
32% had 1 or 2 symptoms and 55% had 3 or more (27). 
A randomised controlled trial of 133 patients with SARS 
demonstrated that a 1.5-month course of an aerobic and 
resistance training program consisting of 1- to 1.5-hour 
sessions 5 times per week could improve strength and func-
tion of muscle and joints (28). This post-COVID-19 entity is 
worth addressing: we are facing an unprecedented pandem-
ic, and suddenly, many who were affected at the same time 
are seeking care for what might otherwise be considered a 
chronic fatigue syndrome.
Limitations of this study include the small sample size, 
which could lead to alteration in results. In addition, 
because the findings are scored, as mild moderate or 
severe, based solely on patients’ assessment of their symp-
tom severity, the problems are subject to their feelings and 
emotional stresses. Lack of availability of hospital record 
charts to assess the severity of COVID-19 during each 
patient’s hospital stay is a further limitation. The possibili-

ty of undetected pre-COVID abnormalities in the patients, 
lack of knowledge about SARS-CoV-2 variants, the exclu-
sion of some patients with severe comorbidities and the 
absence of documentary evidence are additional limitations 
of this study.

CONCLUSIONS
Here, we conclude that more than half of COVID-19 patients 
have persistent musculoskeletal symptoms that require 
special attention (i.e., physical rehabilitation) while main-
taining social isolation; this will require physical therapists 
working outside the hospital to provide treatment measures 
in accordance with COVID restrictions. Early post-acute 
evaluation of symptoms and their impact on function is 
necessary to plan community-based services like post-acute 
medical, psychological and physical services to enable full 
recovery and ensure patients’ early return to work.
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SUMMARY
Background. Anterior cruciate ligament (ACL) deficiency affects proprioception, 
motor control, and dynamic balance. Stretch or Kinesio taping is one of the techniques 
hypothesized to address these deficits. However, there is limited objective evidence 
demonstrating the use of hamstring facilitatory taping in ACL deficient population.
Methods. This feasibility study with a pre/post experimental design was conduct-
ed on twenty patients with ACL deficient. The surface EMG activity was recorded 
from semitendinosus, biceps femoris, vastus medialis, vastus lateralis muscles during 
rest, walking, stair climbing and single leg hopping with and without taping. Dynamic 
balance was assessed using SEBT with and without taping.
Results. There was a statistically significant decrease in dynamic balance and EMG 
muscle activation with no additional improvement observed in biceps femoris and 
vastus lateralis muscles during the activities included in this study.
Conclusions. In this study no immediate improvement in muscle activation and 
dynamic balance was found with a single session of hamstring facilitatory taping.
Trial registration. Clinical trial registry of India. The number of registration is  
(CTRI/2018/07/014796).
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BACKGROUND
Anterior cruciate ligament (ACL) injury is one among the frequently 
occurring knee injuries having an incidence of approximately 68.6 
per 100,000 person-years (1). ACL deficient knee is  the term used 
for a knee with an injured anterior cruciate ligament. Chronic ACL 
deficiency presents with instability during daily activities or intense 
sports activities and on physical examination, Lachman, anterior 
drawer test and pivot shift tests are positive (2). Individuals with 
ACL rupture can be classified as copers (able to resume pre-injury 
levels of activity without dynamic instability) and non-copers (pres-
ent with episodes of dynamic instability inspite of progressive ACL 
rehabilitation program) based on functional abilities (3).

ACL injury affects the “Ligamento muscular 
protective reflex”
This is when tibia displaces anteriorly beyond the limit of physio-
logic strain when high forces are subjected to ACL, propriocep-

ABBREVIATIONS
ACL: Anterior Cruciate Ligament
EMG: Electromyography
SEBT: Star Excursion Balance Test
IEC: Institutional Ethics Committee
MRI: Magnetic Resonance Imaging
ADI: Analog Devices, Inc
USA: United States of America
RMS: Root Mean Square
MVC: Maximum Voluntary Contraction
Lab: laboratory
SPSS: Statistical Package for 
Social Sciences
KT: Kinesio Tape
Cm: Centimeters
Kg: Kilograms
SD: Standard Deviation
P-value: used to denote level of significance
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tors in the ligament activate a protective hamstring contrac-
tion which will exert a posterior pull on the tibia and prevent 
it from getting subluxated anteriorly (4). Muscle-tendon 
forces can influence the load on ACL (5). ACL injured liga-
ment may get excessively loaded by isolated contraction 
of the quadriceps muscle as well as excessive anterior tibi-
al translation and internal tibial rotation in the absence of 
adequate coactivation of hamstring thus rendering ACL 
as a sole stabilizer and leading to further ligament strain. 
When hamstring contraction is added to quadriceps muscle 
contraction it reduces anterior translation and internal rota-
tion thus decreasing the strain on ACL (6). An ACL inju-
ry may lead to loss of ACL innervation, motor control, and 
proprioception, thus significantly reducing the necessary 
stabilization provided by the hamstring muscle group. As 
the proprioception and dynamic balance is affected while 
performing functional tasks it needs to be addressed during 
rehabilitation. Hamstring plays a major role in maintaining 
stability in ACL deficient knee, thus rehabilitation program 
should be emphasized on hamstring co-activation. ACL 
rehabilitation protocols mainly focus on hamstring strength-
ening exercises but the techniques for facilitation of muscle 
activity is not emphasized. 
In the acute phase after injury, the muscle needs to be facili-
tated before initiating strengthening and selective hamstrings 
muscle activation exercises like eccentric hip extension 
along with other eccentric exercises (7), knee flexion-based 
exercises, and Nordic hamstring exercise. Taping is one of 
the techniques used in rehabilitation which is purported 
to produce facilitation and inhibition of muscle activity: it 
helps in joint repositioning, injury prevention, and improve 
proprioception (8). Dr. Kase proposed that muscle function 
is facilitated with a proximal-to-distal taping application. 
Hamstring facilitatory taping is a technique in which stretch 
tape applied along the line of muscle, from origin to inser-
tion is used for the facilitation of muscle activity with mini-
mal or no risks. The tape is applied to the patients’ hamstring 
muscle group, in the standing position with trunk flexion to 
get initial flexion of the hip and stretch the hamstring muscle 
prior to application of tape (9). Taping is proposed to be 
used for the facilitation of muscle but there are no studies 
using objective measures like EMG recording, available in 
taping used for hamstring facilitation alone in ACL defi-
cient knee. An athletic or rigid tape has been used till now 
for stabilizing ACL injured knee but the role of hamstring 
muscle facilitatory taping methods is not well established in 
ACL deficient knee. 
ACL deficiency often results in dynamic balance deficits. 
Dynamic balance is evaluated clinically using Star excursion 
balance test (SEBT) which has an excellent inter-rater (0.88) 
and intra-rater (0.90) reliability for the anterior, postero-

medial and posterolateral directions respectively. SEBT is 
widely used in literature for assessing proprioception and 
dynamic balance in lower extremity injuries like ACL inju-
ry or reconstruction  (10, 11) and chronic ankle instability 
(12). Previous research demonstrates that dynamic stability 
can be improved  early with neuromuscular and strength 
training program following an  ACL rupture (3). However, 
there is a need to explore the influence of hamstring facilita-
tory taping in improving EMG muscle activation of quadri-
ceps and hamstring and dynamic balance using Star Excur-
sion Balance test in patients having an ACL deficient knee.

MATERIALS AND METHODS

Study design
The feasibility study with a pre/post-experimental study design 
sought approval by the Institutional Ethics Committee (IEC 
97/2018) and Research committee, Manipal Academy of 
Higher Education, Manipal. University’s guidelines and the 
amended Declaration of Helsinki on human experiments were 
followed for all the experimental procedures in this study (13). 
Purposive sampling was used for participant recruitment.

Participants
This feasibility study included 20 participants who were 
patients referred to physiotherapy department for reha-
bilitation with complete or partial ACL tear diagnosed on 
the basis of MRI with or without complaints of instabil-
ity and Anterior drawer, Lachman or pivot shift test posi-
tive. Participants of either gender more than 18 years of age 
were included in the study during the period of conservative 
management, once the patients attained full weight bearing 
status at approximately 6 to 8 weeks after an ACL injury. The 
exclusion criteria were as follows: patients who had under-
gone ACL reconstruction, patients with bilateral ACL defi-
cient knee, and the presence of other associated knee liga-
ment injuries limiting the weight bearing status of the patient 
and complains of any other Neuromusculoskeletal disor-
ders affecting the proprioception. The study procedure was 
explained and acquired a written informed consent from the 
participants. Participant recruitment was conducted in the 
clinical setting of Orthopedic Physiotherapy department in 
an academic hospital setting of Kasturba Hospital, Manipal.

Randomization
The experiment sequences were randomized using a chit 
method to minimize the learning effect of the test proce-



19Muscles, Ligaments and Tendons Journal 2022;12 (1)

B. KarKera, P. SrivaStav, G. Balthillaya 

dure. In sequence A, outcome measures were assessed 
without taping condition first then with tape condition. 
In sequence B, outcome measures were assessed with 
taping condition first then without tape condition. The 
sequence was decided according to the chit picked by the 
participants.

Intervention
The subject was instructed to shave the thigh 24 hours 
prior to the tape application on the affected leg. The integ-
rity of skin was assessed and skin was cleaned with alcohol 
rub just before taping. The patient was in standing posi-
tion with initial complete trunk and hip flexion to stretch 
the hamstring muscle prior to tape application, then Muel-
ler Kinesio tape was applied with 35- 50% tension from 
the ischial tuberosity till the insertion of lateral and medial 
hamstrings (Y pattern) along the line of the Biceps femoris 
and Semitendinosus muscles separately. A single session of 
hamstring facilitatory taping was performed and the tape 
was kept for approximately 30-40 mins. EMG muscle acti-
vation of biceps femoris, semitendinosus, vastus medialis, 
vastus lateralis muscles and dynamic balance using Star 
Excursion Balance test was assessed 30 mins before taping 
and immediately after taping. The tape was removed using 
the rollover skin method. The skin was assessed for any 
signs of allergic responses; none of the participants in this 
study reported any side effects after taping.

Outcome measures
Surface EMG amplitude of hamstring and quadriceps 
muscle activity and Star Excursion Balance Test (SEBT) 
were the outcome measures which the investigator measured 
with and without taping, on the same day before and after 
a washout period of 30 minutes given between the two 
conditions. 

Surface Electromyography (EMG) recording
After preparing the skin, surface (Trigno wireless EMG 
sensors (made up of 99% Silver, rectangular shaped, sized 
27 × 37 × 17 mm with inter-electrode distance 10 mm)) 
sensors were placed over muscle bellies of semitendi-
nosis, biceps femoris, vastus medialis and vastus lateral 
muscles following the Seniam guidelines (14). The sensors 
were placed on the skin and attached using Delsys adhe-
sive sensor interface. Wireless EMG signals at 0-500Hz, 
pre-amplified (0-1.5 mV) were captured using a Delsys, 
Trigno wireless EMG system (8 channel) ADI instru-
ments, USA. EMG activity of hamstring (biceps femo-

ris and semitendinosus) and quadriceps (vastus lateralis 
and medialis) was recorded on affected leg using surface 
electromyography (EMG) in terms of amplitude at rest, 
during walking, stair climbing up and down, single leg 
hopping front and back with a rest period of 1 minute 
between the activities. After this, a washout period of 30 
mins was given for all the participants. EMG raw data 
was imported to “EMG lab chart version 8.1.13 software 
(2018) and data extraction was done, mean RMS values 
were retrieved and this data was transferred to excel 
worksheet for data analysis. Surface EMG measurement 
from single site muscle is moderate to high (0.66 -0.89) 
measured in terms of MVC. 

Star Excursion Balance Test (SEBT)
Dynamic balance was assessed on the affected and unaffected 
leg using the Star excursion balance test wherein the partic-
ipant assumes a single limb standing position and tries to 
reach as far as possible along each reaching line and touching 
only with the toes of the reaching limb lightly, without placing 
complete foot or shifting weight onto the reaching limb, and 
then he or she returns the reaching limb back to the center of 
the grid which is the starting position and resumes a bilateral 
stance. Three trials were taken to minimize errors and the aver-
age of 3 trials was taken as the final reach distance measured 
in centimeters (15). Dynamic balance was reassessed using 
the Star excursion balance test on the affected and unaffected 
leg with and without taping. SEBT is a valid tool to measure 
dynamic balance with moderate to high intratester reliabil-
ity (0.78-0.96) and intertester reliability (0.81-0.93) after 1 
day of practice. However, these test results are influenced by 
practice effect hence it is recommended to perform 3-7 prac-
tice trials in each direction before recording the actual reach 
distance. Interrater reliability is 0.94-0.99 (16).

Data analysis
Statistical Package for Social Sciences (SPSS) version 16 
was used for data analysis. Descriptive statistics used for 
demographic characteristics. Shapiro-Wilk test was done 
to check for normality distribution of the data. Data were 
not normally distributed thus Wilcoxon Signed Rank test 
(Non-parametric) was used to compare the outcomes on 
affected as well as the normal leg. Level of significance set 
as, P-value ≤ 0.05

RESULTS
Totally 85 participants screening was conducted based on 
the inclusion and exclusion criteria; out of which 20 partic-
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ipants fulfilled the requirements of the inclusion criteria 
and were recruited for this study. The study flowchart is 
shown in figure 1. Participants’ baseline demographic 
characteristics are shown in table I.
Results for comparison of quadriceps and hamstring 
muscle amplitude with and without taping are demon-
strated in figures 2-5. An evident change from baseline is 
observed in outcomes and there was a statistically signifi-
cant decrease in muscle amplitude of Biceps femoris and 
vastus lateralis muscles during walking, stair climbing and 
hopping back with taping. The comparison between SEBT 
scores with and without taping is shown in figure 6. There 
was no statistically significant improvement in SEBT reach 
distance scores with taping. 

Table I. Participants’ demographic characteristics.

Characteristics Mean ± SD
 Age in years 31.1 ± 13.7 years

Gender Males: 18 (80%)
Females: 2 (20%)

Height in centimeters 172.5 ± 8.04 cm

Weight in kilograms 76.6 ± 10.8 kg

Limb length in centimeters 93.10 ± 6.7 cm

Side of injury Right ACL tear = 11
Left ACL tear = 9

Diagnosis Complete ACL tear = 13
Partial ACL tear = 7

Duration from the time of injury 8.5 ± 13.2 months

Rehabilitation status Receiving rehabilitation: 16
Not started rehabilitation: 4

SD: Standard Deviation; cm: centimeters; kg: kilograms.

Figure 1. Flow diagram of study.

Figure 2. Comparison of Amplitude of Semitendinosus 
muscle with and without taping during different activities.
There was no significant difference in Semitendinosus muscle activation 
with taping during all the activities.
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DISCUSSION 
This study aimed to determine the influence of hamstring 
facilitatory taping on hamstring and quadriceps muscle 
activity and dynamic balance in functional tasks. 

Statement of principal finding
Results of this study were contrary to the hypothesis, it was 
found that there was a decrease in amplitude of muscle 
activation observed rather than increase and no additional 
improvement of muscle activation was found with hamstring 
facilitatory taping. This is in line with the studies which used 
Kase’s proximal to a distal application of KT and did not 
any find strength gains, however these studies did not eval-
uate the EMG muscle activation. A similar study also found 
no improvement in neuromuscular performance with quad-
riceps taping after reconstruction of ACL (17). However, in 
the present study, it was also observed that biceps femoris 
and vastus lateralis muscle activity was increased at rest and 
while hopping back whereas vastus medialis activity had 
increased during the hopping front and back activity with 
taping but there was no statistically significant difference. 

Strengths and weaknesses
The possible reasons for the study results could be the tech-
nique of taping used in this study was applied with muscle 
stretch and 35-50% stretch according to Kase’s technique (18) 
the tension in the tape which could have been insufficient to 
produce greater muscle activation. According to the Interna-
tional Association of taping, 2011 it was stated that 50-75% 
tension resulted in muscle facilitation, which needs to be 

Figure 3. Comparison of Amplitude of Biceps femoris muscle 
with and without taping during different activities.
*P-value < 0.05; there was a significant decrease in Biceps femoris muscle 
activation with tape during walking, stair climbing up and down and 
Hopping front.

Figure 6. Comparison of Star excursion balance test scores 
(SEBT) with and without taping.
There was no statistically significant difference in SEBT scores with taping.

Figure 4. Comparison of Amplitude of Vastus medialis muscle 
with and without taping during different activities.
*P-value < 0.05; there was a significant decrease in vastus medialis muscle 
activation during walking. There is an increase in muscle activation while 
hopping front which is not statistically significant.

Figure 5. Comparison of Amplitude of Vastus lateralis muscle 
with and without taping during different activities.
*P-value < 0.05; there was a statistically significant decrease in vastus later-
alis muscle activation during walking and hopping front.
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confirmed with further studies (19). Previous studies revealed 
that KT would not be strong enough to shorten the muscle 
spindle and thus stated that the mechanism of muscle acti-
vation by kinesiology taping is due to the stimulation of the 
cutaneous receptor. Taping activated deep (type IV) cutane-
ous receptors which reduced the Ia presynaptic inhibition and 
postsynaptic inhibition of cutaneous and fascial receptors (20).
There could be a possibility that the individuals might 
have used certain compensatory strategies like reduced gait 
speed or altered gait pattern while walking, increased hip 
and trunk flexion as well as knee flexion during stair climb-
ing by activating other groups of muscle like gastrocnemius 
instead of the hamstring. However, it cannot be confirmed 
by this study as the kinematic analysis was not done for the 
participants during the procedure.
Another factor to consider is the duration of muscle taping. 
In this study, taping intervention was done for an average 
duration of 30 minutes for all participants. A similar prelim-
inary study states that there is a maximal increase in motor 
units participation of a muscle after Kinesio taping interven-
tion of twenty-four hours (21).
Also, the participants with ACL deficient knee in this study 
were already receiving physiotherapy rehabilitation exercis-
es, as a result of this the amplitude of muscle activation at the 
time of recruitment in this study or before taping interven-
tion would have been higher than expected. Taping being a 
passive intervention might have been insufficient in produc-
ing greater activation as compared to active exercises.
The present study found that there was no significant 
difference in dynamic balance with hamstring facilitatory 
taping.  A study by Kase (18) hypothesized that KT could 
improve balance by improving muscle function as well as 
motor control. However, there is no evidence support-
ing the hypothesis that KT affects balance. The possible 
reason for no improvement in dynamic balance in this study 
could be because of no improvement seen in muscle activa-
tion with KT.

Limitations
There was heterogeneity among the participants in terms of 
duration of ACL deficiency which ranged from 2 months up 
to 3 years, duration for which the participants were involved 
in active rehabilitation which ranged from less than 1 week to 
a few months, the type of ACL injury (complete and partial) 
among participants was different and period between taping 
intervention and initiation of active rehabilitation could 
not be standardized. Although the participants of the study 
comprised of individuals with both partial and complete ACL 
tear who fulfilled the criteria for ACL deficiency, this would 
have indirectly influenced the effect of taping as a result of the 

different rate of recovery and individual compensatory mech-
anisms in both groups respectively. However the aim of the 
current study was to observe the immediate pre/post effect 
of hamstring facilitatory taping on ACL deficient knee alone 
irrespective of the other types of rehabilitation thus reducing 
the source of bias.

Implications for future research
As hamstring facilitatory taping was not found to be bene-
ficial in improving muscle activation as opposed to our 
hypothesis, other forms of active interventions like exercis-
es could be used to improve muscle facilitation rather than 
Kinesio taping. Different taping technique and duration of 
application may be considered in future studies.

CONCLUSIONS
This study has shown that a single session of hamstring facil-
itatory taping did not cause an immediate improvement in 
muscle activation and dynamic balance.
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SUMMARY
Background. Maceira’s triple cut modified Weil osteotomy is indicated in the manage-
ment of propulsive metatarsalgia. In this surgical procedure, the osteotomy will be 
usually stabilized with fixation. Our study is aimed at comparing the effectiveness 
of Maceira’s triple cut modified Weil osteotomy stabilized with fixation and with-
out fixation.
Methods. A retrospective individual cohort study was conducted from the data 
retrieved from 44 feet included of 40 patients, presented with propulsive metatarsal-
gia, who underwent “Maceira’s triple cut modification of Weil osteotomy”. In 29 feet, 
57 osteotomies were performed without fixation, while in 15 feet, 56 osteotomies were 
performed along with the fixation. The mean follow-up period was 13.1 months and 
12.4 months, respectively, in non-fixed and fixed groups. The patients were evaluated 
using AOFAS LIMS scale.
Results. In fixation group, the pre-operative mean scores were 42.47 ± 12.72 and the 
post-operative mean score was 70.8 ± 25.14, where as in non-fixation group preoper-
ative mean score was 43.79 ± 13.20 and post-operative mean score was 81.59 ± 14.19. 
In both the groups there was improvement in the mean scores, which was statistically 
significant. But when compared amongst the fixation and nonfixation of osteotomy 
groups, there was no difference that was statistically significant (p > 0.01). 
Conclusions. Maceira’s triple cut modification of Weil osteotomy with or without 
fixation yields equal and effective results in patients with propulsive (3rd rocker) 
metatarsalgia.

KEY WORDS
Hallux valgus; metatarsalgia; metatarsophalangeal joint; osteotomy; toes.
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BACKGROUND
Propulsive or third rocker metatarsalgia is one of the 
commonest painful condition of foot, with varying degrees 
of morbidity and disability. The incidence of metatarsalgia 
can vary between 5% and 36% (1) and it has preponderance 
for females (2). Metatarsalgia can be defined as a condition 
affecting the forefoot, which presents clinically with pain 
under the metatarsal heads due to the alteration in the plan-
tar pressures as a result of the abnormal transfer of forces 
(3). It is considered as a symptom rather than a disease, but 
eventually patients develop painful intractable keratosis. On 
examination, keratosis can be seen over the sole of foot with 
palpable painful callosities under the metatarsal heads, which 
are the characteristic features of metatarsalgia. However, the 
exception being in propulsive metatarsalgia, where the plan-
tar keratosis is more localized and palpable distally towards 
the toe, unlike just plantar to the metatarsal heads. The meta-
tarsalgia is classified as primary metatarsalgia and second-
ary metatarsalgia. Primary metatarsalgia can be defined as 
the pain resulting from the anatomical abnormalities of the 
metatarsals and their relationship with each other and with 
the foot in general (4). The major cause of primary meta-
tarsalgia include insufficiency of the first ray, disproportion-
ately long second metatarsal bone and increased metatarsal 
declination angle (5). When the first ray is unable to bear the 
physiological load, the load will be transferred to the later-
al lesser metatarsals, which leads to the propulsive or third 
rocker metatarsalgia. The noted causes of the hypermobility 
of first metatarsophalangeal joint include hallux valgus and 
pes planus (5). The disproportionately longer second meta-
tarsal bone can affect the propulsive phase of the gait result-
ing in the third rocker metatarsalgia. This is because of less 
accommodative nature of the second metatarsal bone to the 
anatomical variation in comparison to the lateral metatarsals 
(4). The increased metatarsal declination angle is because of 
the excessive metatarsal plantarflexion, resulting in cavus 
foot, which in turn causes increased declination of the affect-
ed metatarsal, leading to the first rocker metatarsalgia (5).
The secondary metatarsalgia is due to the result of indirect 
overloading of the forefoot. It is associated with conditions 
like trauma involving the metatarsal head or plantar plate, 
where the metatarsal bones get shortened. The metatarsal 
bone can be plantar flexed resulting in the dislocation of meta-
tarsophalangeal joint, resulting in pain. It is also observed in 
systemic inflammatory arthropathies such as rheumatoid 
arthritis, gout, psoriasis and in Achilles contracture with 
equinus. In inflammatory arthropathies, as a result of meta-
tarsophalangeal joint synovitis, which induces the hyperex-
tension of the metatarsophalangeal joint, this will result in the 
plantar overload under the metatarsal heads. Freiberg disease 

is the avascular necrosis of the metatarsal head commonly 
involving the second and third metatarsals. This is being the 
vascular etiology, mimics the secondary metatarsalgia (6, 7). 
Metatarsalgia as a result of the complications of prior forefoot 
surgeries is known as the iatrogenic metatarsalgia. In iatro-
genic metatarsalgia due to the forefoot surgeries like in hallux 
valgus correction, lateral metatarsal osteotomy, there will be 
elevation of first metatarsal bone or excessive shortening of it 
(8), non-union and malunion causing overloading of adjacent 
rays which results in pain under the metatarsal heads (3).
A prompt clinical diagnosis and proper planning of manage-
ment can resolve the symptoms with improvement in the 
biomechanics of the foot (9). The “Weil osteotomy” was 
named after Lowell Scott Weil and was popularized by Samu-
el Barouk, which is the gold standard for the surgical manage-
ment of metatarsalgia. Later, the metatarsalgia was divided 
into “second rocker metatarsalgia” and “third rocker metatar-
salgia”. This knowledge has changed the principle of surgical 
management, by shortening the metatarsals by the osteotomy, 
aligned coaxial to the metatarsal bone line, thereby reversing 
the pathology of metatarsalgia, which results in relief of symp-
toms. The most popular surgical treatment of metatarsalgia is 
the “Weil osteotomy”, as this technique is simple and also the 
results are predictable. However, the drawback of Weil oste-
otomy is the “floating toes”, which occurs due to the plan-
tar displacement of the metatarsal heads and is poorly toler-
ated. A defective surgical technique of Weil osteotomy leads 
to this floating toe, with uncontrolled shortening (> 3 mm) 
during the osteotomy (10). Ernesto Maceira came up with a 
modification of this surgical procedure, specific to “propulsive 
metatarsalgia” which is the triple cut modification of the “Weil 
osteotomy” (9). This results in controlled shortening, which 
is coaxial to the shaft of metatarsals and this also elevates the 
head of metatarsals, thereby preventing the floating toes (11).
A harmonic maestro curve in the metatarsal heads, from 1st to 
5th metatarsals, maintains the forefoot biomechanics. A wide 
variety of implants are in use to stabilize the osteotomies, 
which range from simple Kirshner wire, cortical/cancellous 
screws to special implants like Schwartz snap-off compres-
sion pin, twist-off screws (11). The make of the implants also 
varies from stainless steel, titanium to bio-absorbable screws 
which are made of polymers of polylactic-co-glycolic acid 
(PGLA) (12). The diameter of the implants will also range 
from 1.6 mm to 2.4 mm. These all are aimed at the basic prin-
ciple of stability by the “lag effect” across the osteotomy (12). 
There are different surgical techniques available, which 
focus on re-establishing the normal biomechanics and restor-
ing the normal pressure distribution (13). These techniques 
involve realignment of the metatarsal head either by short-
ening or elevating. This can be achieved by performing the 
osteotomies commonly at the distal end of the bone like in 
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Weil osteotomy and various modifications of Weil osteotomy 
like triple cut Maceira’s osteotomy (9) as in the present study 
or minimally invasive distal metatarsal metaphyseal osteoto-
my (DMMO) (14). 
The present study aimed at comparing the effectiveness of 
the fixation and without fixation in Maceira’s triple cut modi-
fied Weil osteotomy in propulsive metatarsalgia, with respect 
to functional outcomes and complications. We hypothesize 
that Maceira’s triple cut modified Weil osteotomy with fixa-
tion and without fixation have comparable clinical outcomes.

MATERIALS AND METHODS

Study design
The present research is a retrospective individual cohort 
study, which involved, retrieving clinical case records, from 
our hospital. 

Participants
The present study included 44 feet from 40 patients, who 
presented with propulsive metatarsalgia and underwent 
“Maceira’s triple cut modification of Weil osteotomy” for 
“third rocker” propulsive metatarsalgia. The mean follow-
up period was 13.1 months and 12.4 months, respective-
ly, in non-fixed and fixed groups. All the surgeries were 
performed with the same surgical technique by two special-
ist foot and ankle surgeons. One surgeon among them fixed 
all the triple cut osteotomies, while the other did not fix any 
of the triple cut osteotomies which he operated on. The data 
collection was done by the first author of this study and the 
analysis of was done by four authors of this study after the 
detailed discussion. The statistical analysis was done by one 
of the consultant statisticians, available in our university. 

Patient selection
All patients underwent thorough clinical evaluation in the 
form of gait evaluation, deformity assessment along with 
standing radiographs to confirm the diagnosis of propul-
sive metatarsalgia. These patients were given conservative 
line of management in the form of footwear modification, 
shaving of callosities and were put on physiotherapy modal-
ities like stretching exercise program. There were no inva-
sive methods, like local steroid infiltrations were done in 
any of the patients. The patients who failed to improve with 
the trial of conservative management for a minimum period 
of 6 months, were offered surgical treatment. The patients 
with “second rocker metatarsalgia”, tightness of gastroc-

nemius, with a previous history of metatarsal fractures 
and surgical interventions in the foot were excluded from 
the present study. Also, patients with systemic illness like 
diabetes mellitus, rheumatoid arthritis, peripheral vascular 
diseases and peripheral neuropathy were excluded from the 
present study.

Clinical assessment
The patients were presented with complaints of pain, defor-
mity, and limitation of activity in the affected lower limb. 
Each patient’s gait was analysed, to determine the phase at 
which the pain generates. Pain developing in the propulsive 
phase of the gait cycle, indicating the third rocker metatar-
salgia was documented. The deformities, such as claw toes 
were assessed in both standing and non-weight bearing posi-
tions, and fixity of these deformities was recorded at the 
corresponding joints. The plantar keratosis was noted and 
documented for its relationship with the metatarsal heads. 
The plantar keratosis is classically distal to the correspond-
ing metatarsal heads in third rocker propulsive metatarsalgia 
unlike in second rocker metatarsalgia, where it is exactly on 
the metatarsal heads. The range of movement (ROM) at each 
joint was recorded. The footwear examination was explicitly 
done in each patient presenting with claw toes, secondary to 
metatarsalgia. The condition was diagnosed and document-
ed as metatarsalgia in isolation or metatarsalgia with hallux 
valgus. Eventually, the quantification of disability of all the 
patients was evaluated and documented with the standard-
ized questionnaire, based on the AOFAS lesser metatarso-
phalangeal-interphalangeal scale (LIMS) (15) at their first 
visit and then at the subsequent follow-ups during both the 
conservative and the surgical mode of management.

Radiological assessment 
Standing plain radiographs of both feet were taken in all 
the patients (figure 1 a). Assessment of metatarsal parabo-
la, which is a harmonious geometric progression of relative 
lengths, was assessed in dorsoplantar view, whereas, assess-
ment of sloping of each metatarsal was done in lateral view. 
All the measurements were performed using DICOM multi-
purpose viewer (RAIM viewer version 2.5.0.511) software in 
digital radiographs. The hallux valgus deformity assessment 
was done using the hallux valgus angle (HVA), inter-meta-
tarsal angle (IMA) along with this, the sesamoid subluxations 
were also recorded (16). Postoperatively, all the above param-
eters were reassessed and documented. The one year follow 
up with the AP weight bearing radiograph of bilateral feet 
showed maintenance of Mastero’s harmonius curve bilater-
ally (figure 1 b).
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ingly, a dorsal transverse incision was placed proximal to the 
involved metatarsophalangeal joints. The wound was deep-
ened till the deep fascia, where extensor digitorum longus 
and brevis tendons were identified. A longitudinal incision 
was made in between them, taking care of the neurovascular 
structures. The capsule of the metatarsophalangeal joint was 
identified and incised in “T” fashion. The metatarsal head 
was levered and subluxated dorsally by using Hoffman’s 
retractors on both sides of the metatarsal head, by releas-
ing the collateral ligaments. Subsequently, the other toes 
were plantar flexed by the other hand of the surgeon, to well 
expose the metatarsal head. Similar exposure was carried out 
in all affected metatarsal heads and the Maceira’s triple cut 
modified Weil osteotomy was performed as described below. 
It is essential to have a hand-held motorized long thin-blad-
ed saw to achieve the controlled and precise osteotomies. 

Steps of triple cut Weil osteotomy

First cut
The first cut (figure 2 a) was marked at the extra-articular 
part of the metatarsal head, just proximal to the articular 
cartilage with the electric cautery. An end-to-end bone cut 
was performed starting at a point around 2 mm inferior 
to the most dorsal aspect of the articular cartilage, with a 
saw blade angled around 25 degrees (figure 2 a), which is 
parallel to the weight-bearing plane of the foot. This step is 
unique in this modified Weil osteotomy, unlike in standard 
/traditional Weil osteotomy. It is mandatory to take diligent 
care to avoid damage to the metatarsal head’s condyle and 
the flexor tendons on the metatarsophalangeal joint.

Second cut
It is a bone-to-bone cut performed, perpendicular to the 
ground, from dorsal to the metatarsal head’s plantar aspect 
(figure 2 b). Here the extraction of a wedge of bone was 
planned through the osteotomy, as per the preoperative plan.

Third cut
This bone-to-bone cut is inclined as per the first cut (around 
25 degrees) but started where the second cut has begun 
(figure 2 c). With the above three cuts, a wedge of bone was 
extracted (figure 2 d), and the cut end of the osteotomy was 
pushed together.

Fixation of the osteotomy
The distal end of the osteotomy is held in position with a 
guidewire across the osteotomy and fixed with an implant. 
In our osteotomies, 2.4 mm Herbert type cannulated screws 
and “snap-off screws” were used.

Figure 1. (a) Preoperative AP weight bearing radiograph of the 
bilateral feet with symptoms of metatarsalgia showing disturbed 
Maestro’s harmonious curve with subluxation of 2nd metatarso-
phalangeal joint on the right foot (D) in comparison to left foot 
(E). Symptomatic hallux valgus deformity of right (D) great toe. 
Radiological assessment of hallux valgus observed with hallux 
valgus angle and inter-metatarsal angle increased on right side 
(D), compared to the left side (E). (b) AP weight bearing radio-
graph of bilateral feet of one year follow up with no symptoms 
of metatarsalgia showing maintained Maestro’s harmonius 
curve bilaterally. The Maceira’s triple osteotomy not fixed on 
left (E) side and fixed on right side (D). Left side (E) hallux valgus 
corrected with distal Chevron osteotomy combined with Akin 
osteotomy showing improved hallux valgus angle of 31 degree 
(at 1 year) and intermetatarsal angle of 9 degrees. The right (D) 
side, hallux valgus correction not done with hallux valgus angle 
remained at 27 degrees (1-degree progress) after 1 year with 
intermetatarsal angle of 9 degrees.

Planning of osteotomy
Preoperatively, osteotomies were planned, considering 
Maestro’s parabola criteria. Additional procedures such 
as excision arthroplasty, arthrodesis of the phalanges were 
planned as per the requirement of individual cases. Intraoper-
atively the hallux valgus deformity was corrected by appropri-
ate osteotomies. In mild hallux valgus (intermetatarsal angle 
10-15° and hallux valgus angle < 30°), “Chevron osteotomy” 
was done. In moderate hallux valgus (intermetatarsal angle 
> 15° and hallux valgus angle > 45°), “Scarf osteotomy” was 
done. After the correction of hallux valgus, to plan the number 
of triple cut osteotomies, the reassessment of the metatarsal 
parabola was done intraoperatively using fluoroscopy.

Operative technique
The patient was positioned supine; an ankle block was 
achieved after sedation. The ankle tourniquet was used for a 
bloodless field. The hallux valgus correction was done with 
appropriate osteotomies. Following this, reassessment of 
the position of metatarsal heads was done using fluorosco-
py. Then the number of metatarsal heads to be addressed 
with Maceira’s triple cut osteotomy was identified. Accord-
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Postoperative management
A bulky cotton gauze dressing was applied, separating each 
toe and maintaining the toes in plantarflexion position, to 
control the oedema and to reduce the dorsal soft tissue 
retraction, thereby reducing the complications like “floating 
toes”. This position of toes acts as “secondary bone fixa-
tion” as described by Maceira et al. (11). A forefoot offload-
ing postoperative shoe was given and advised to bear weight 
and walk as tolerated. Irrespective of patients, with and 
without fixation, the postoperative care was similar for 14 
days. After that, sutures were removed, depending on the 
wound healing. But in patients with claw toe corrections, the 
Kirshner wires were removed after 4 weeks, post-surgery.

Variables
Patients were followed up at regular intervals at 6 weeks, 12 
weeks, 6 months, and 12 months, then for every 6 months. 
At each follow-up, the VAS score and AOFAS LIMS score 
were recorded. Radiological parameters were analysed and 
compared with preoperative findings. Radiographs were 
looked for complications like loss of fixation, non-union, 
and recurrence of deformity (figure 3).

Statistical methods
Repeated measures ANOVA test was used to compare the 
pain and activity limitation in the pre and postoperative 
period. Further analysis was done to compare the triple 
cut modified osteotomy with fixation and without fixa-
tion groups. Paired t-test was used for the estimation of 
hallux valgus correction. Whereas comparison between pre 
and postoperative status of the parabola correction were 
analyzed with the “Mcnemar test”.

Ethics
The authors of this manuscript state that this research was 
performed as per the guidelines of international ethical 
standards suggested by Declaration of Helsinki (17) and 
approved by Institutional Ethics Committee of Clínica Creu 
Blanca (Reg Number 105/19) - IEC 354/2019; approval 
date: 03/06/2019.

RESULTS
Among the 44 feet, in 29 feet, 57 osteotomies were 
performed without fixation, while in 15 feet, 56 osteotomies 
were performed along with the fixation (table I). Among the 
40 patients, 4 patients had bilateral involvement, making the 
total number sample size 44 (n = 44 feet). Among these 44 

Figure 2. Triple cut osteotomy.
(a) First cut starting at a point around 2 mm inferior to the most dorsal 
aspect of the articular cartilage. The saw blade angled around 25 degrees. 
(b) Bone cut perpendicular to the ground, from dorsal to plantar aspect of 
Metatarsal head, to extract the exact amount of bone to be extracted as per 
the pre-operative plan. (c) Third cut of triple osteotomy inclined as per the 
first cut (around 25 degrees), but started from the point where the second 
cut had begun. (d) A cylinder of bone was extracted.

Osteotomy without fixation
After the triple cut osteotomy, in the non-fixation group, the 
osteotomised fragment is allowed to settle to the dependent 
position, after mimicking the foot’s weight-bearing position 
in the operating table. The proximal migration of the meta-
tarsal head was confirmed by the operating surgeon by fluo-
roscopy. In both fixation and nonfixation groups, after the 
completion of triple cut osteotomy, an additional procedure 
for correction of claw toes was performed either by exci-
sion arthroplasty or PIP joint arthrodesis by using Kirshner 
wires for the corresponding PIP joints.
The sequential osteotomies were performed similarly in the 
corresponding rays as per the pre and operative planning. 
When performing the osteotomy in the lateral rays, care 
was taken about the angle of the osteotomy, which varies 
according to the metatarsal’s declination angle. Usually, the 
declination angle was increased as we progressed towards 
the lateral rays from the second metatarsal (11).
At the end of the procedure, the dorsal prominence of the 
metatarsal head was smoothened, which helps the MTP 
joints to achieve their full range of motion dorsally, without 
any restrictions. A thorough wash of the surgical site with 
saline was given, which aimed at avoiding any bone dust 
in the joint. The wound was closed, incorporating a capsu-
lo-tendinous layer overcorrecting the toe in a plantarflexed 
manner. This step is crucial to avoid complications like float-
ing toes. The subcutaneous layer is closed with 3-0 absorb-
able and skin with non-absorbable 3-0 suture material. 
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feet, 40 feet (91%), presented clinically with hallux valgus 
deformity (figure 1) with metatarsalgia, and 4 feet (9%), 
presented with metatarsalgia alone. Among the 40 patients, 
who presented with metatarsalgia with hallux valgus, 32 
feet had mild variety, 8 feet had moderate. Intraoperatively 
in both the mild and moderate hallux valgus patients, akin 
osteotomy was performed. Since all 44 feet had disturbed 
parabola per operatively, surgical correction was done to 
maintain the normal parabola. 113 triple cut osteotomies 
were performed in total. Out of these 113 osteotomies, 57 
were not fixed and 56 were fixed. All patients followed up 
for a minimum period of 12 months. The mean follow-up 
time in the nonfixed group was 13.1 months and in the fixed 
group was 12.4 months. The AOFAS LIMS scores were 
improved from preoperative 43.79.47 ± 13.20 and 42.47 ± 
12.72 to postoperative 81.59 points (SD 14.19; range 47-95) 
in the nonfixed group, whereas in the fixed group the score 
was 70.80 points (SD 25.14; range 25-95) (p > 0.01).
In both fixed and nonfixed groups, the pain reduction was 
significant (table II), from preoperative to the postoper-
ative period, which had statistical significance (p < 0.01). 
However, the difference in pain was not statistically signifi-
cant (figure 4 A), when compared between the two groups. 
(p > 0.01). The activity limitation (table II) improved from 

Figure 3. (a) Two-year follow up plain radiograph anteroposte-
rior view showing bilateral feet, the triple cut osteotomy fixed 
on right side (D) and not fixed on left side (E). The left foot (E) 
showing radiological features of non-union of 2nd and 3rd meta-
tarsal osteotomy sites, where the 4th metatarsal osteotomy 
showing union at osteotomy site. The hallux valgus correction 
done on left side (E) with distal chevron osteotomy fixed with a 
screw and “Akin” osteotomy fixed with metal staple. On right 
foot (D), the triple cut osteotomy fixed with “snap-off screws” 
showing healing of osteotomies. (b) 1-year post surgery for 
bilateral metatarsalgia operated with Maceira’s triple cut oste-
otomy fixed with snap-off screws for the 2nd and 3rd metatarsal 
bilaterally with recurrence of symptoms showing subluxation 
of 2nd and 3rd metatarsophalangeal joint with disturbed Maste-
ro’s curve bilaterally with cross over 2nd toe.

Table I. Demographic data of study population.

Total number of feet (n) Treatment
Maceira’s Triple cut osteotomy without fixation (n = 29) Maceira’s Triple cut osteotomy with 

fixation (n = 15)
44 29 15

Mean age (years) 63 64

Gender Male:Female 2:27 3:12

Side
Left:Right:B/L

14:10:5 6:5:4

Table II. Preoperative and postoperative pain and activity limitation in both the groups.

    Maceira’s triple cut 
osteotomy without fixation

  Maceira’s Triple cut osteotomy 
with fixation

 

    Preoperative Postoperative Preoperative Postoperative

Pain None 2 (6.9%) 16 (55.2%) 1 (6.7%) 7 (46.6%)

Mild 16 (55.2%) 10 (34.5%) 6 (40%) 4 (26.7%)

Moderate 10 (34.5%) 3 (10.3%) 8 (53.3%) 4 (26.7%)

  Severe 1 (3.4%) 0 (0%) 0 (0%) 0 (0%)

Activity 
limitation

None 0 (0%) 20 (69%) 0 (0%) 9 (60%)

Mild 4 (13.8%) 5 (17.2%) 0 (0%) 1 (6.7%)

Moderate 25 (86.2%) 4 (13.8%) 15 (100%) 5 (33.3%)

  Severe  0 (0%) 0 (0%)  0 (0%)  0 (0%)
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preoperative to postoperative period significantly in both 
the groups (p < 0.01). But the activity limitation when 
compared postoperatively amongst the groups, there was 
no statistical significance (figure 4 B) (p > 0.01).
The AOFAS LIMS score (table III) improved from preop-
erative to postoperative status, which was statistically signifi-
cant (p < 0.01), but post-operatively when the fixation group 
compared with the nonfixation group (figure 4 C), there was 
no statistical significance (p > 0.01). The hallux valgus (table 
IV) was evaluated radiologically by measuring the inter-meta-
tarsal angle (IM angle) and Hallux Valgus angle (HV angle). 
The results of radiographic measurements from preoperative 

to the postoperative correction were compared and evaluat-
ed. The “paired t-test” was performed and this comparison 
was statistically significant (p < 0.01). The metatarsal parabo-
la improvement from preoperative findings to postoperative 
maintenance (table V) was also statistically significant, which 
was evaluated with the “Mcnemar test” (p < 0.01).
The Mastero’s metatarsal parabola (table V) was disturbed 
postoperatively, in 5 feet (33.3%), in the fixation group. 
whereas in the nonfixed group 6 feet (20.7%) showed 
disturbed parabola (figure 3 b). Loss of fixation was found in 
5 feet (11%), out of which, in 3 feet had to undergo hardware 
removal due to soft tissue impingement. Non-union at oste-

Figure 4. The comparison of fixation and non-fixation groups.
(A) Reduction of pain; (B) Activity limitation; (C) AOFAS score. In the present study, none of these compared parameters showed the statistical signif-
icance (p > 0.01). 

Table III. Comparison of AOFAS LIMS score preoperative to postoperative in both the groups.

Grading Points  Maceira’s triple 
cut osteotomy
without fixation

  Maceira’s triple cut osteotomy 
with fixation

 

    Preoperative Postoperative Preoperative Postoperative

Excellent 90-100 0 (0%) 14 (48.3%) 0 (0%) 4 (26.7%)

Good 75-89 0 (0%) 7 (24.1%) 1 (6.7%) 5 (33.3%)

Fair 60-74 4 (13.8%) 5 (17.2%) 0 (0%) 1 (6.7%)

Poor 0-59 25 (86.2%) 3 (33.4%) 14 (93.3%) 5 (33.3%)

Table IV. Comparison of Hallux valgus deformity in both the groups.

Maceira’s triple cut osteotomy 
without fixation

  Maceira’s triple 
cut osteotomy 
with fixation

 

  Preoperative
(Mean ± SD)

Postoperative Preoperative Postoperative

Hallux Valgus angle  38.25° 29.5° 33.86° 29.8°

Intermetatarsal angle 11.48° 8.77° 11.8° 10.26°
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otomy sites (figure 3 a) were found on follow-up radiographs 
in 2 feet (4%) in the non-fixation group. But they were clini-
cally asymptomatic. All the wounds were healed well, without 
any evidence of superficial or deep infection in both groups.

DISCUSSION 
The head of metatarsal bones bears half of the body-
weight of a person when the foot is in a plantigrade posi-
tion. Normally, the first metatarsal bone bears half of the 
weight of the forefoot. Metatarsalgia can be due to a longer 
second metatarsal bone, which can contribute to the forma-
tion of pressure under the head of the metatarsal bone. The 
limited dorsiflexion of the foot due to heel cord contracture 
and ankle impingement can lead to the formation of diffuse 
metatarsalgia (18). The claw toe deformity can cause exces-
sive weight bearing on the metatarsal head. In hallux valgus, 
when the proximal phalanx moves into the valgus, the splay 
between the first and second metatarsal increases. The 
base of the first metatarsal bone at the first cuneiform-first 
metatarsal joint also moves into the varus position and gets 
elevated. This leads to the transfer of weight from the first 
metatarsal head to the second metatarsal head. This results 
in the potential transfer of weight to the adjacent metatarsal 
head leading to the formation of callosity. 
Metatarsalgia is considered as a symptom rather than a 
disease. The classical symptoms of metatarsalgia are pain at 
the sole, associated with the hyperkeratosis of skin below 
the head of metatarsal bones (18). The hypermobility of the 
first tarsometatarsal joint will contribute to the transfer of 
metatarsalgia (19). Thus the aetiology of the metatarsalgia 
may vary from anatomical abnormality to iatrogenic cause. 
Hence thorough examination of the sole and standing radio-
graphs would be important tools for the accurate diagnosis 
and management of metatarsalgia (5). Initially, the metatar-
salgia can be treated with the shaving of callosities, stretch-
ing exercises, shoe modification including insoles, and local 
steroid injections (20). Even unconventional treatment like 
massage therapy is well accepted by the patients, due to its 
low economical expenses and fewer adverse effects (21). If 
there is no improvement with the medical line of manage-

ment, surgical intervention is advised (5). Initially, for the 
management of metatarsalgia, the surgical procedure, the 
distal osteotomy was suggested by Borggreve in 1949. Later, 
this was endorsed by Weil in 1992 (19). The Weil osteotomy 
became popular in Europe and was implemented by Barouk 
(22). Weil osteotomy is the procedure in which, the osteot-
omy is in parallel to the plantar surface of the head of the 
metatarsal. If it is internally fixed with screws, there will be 
the accomplishment of axial decompression (19). The surgi-
cal options also include osteotomy at the middle or prox-
imal aspect of the metatarsal in cases of severe deformity, 
which require powerful deformity correction (13). In the 
last decade, minimally invasive “distal metatarsal metaph-
yseal osteotomy (DMMO) has gained momentum, as an 
alternative procedure for the traditional Weil osteotomy. 
This is a percutaneous, extra-articular metatarsal neck oste-
otomy without the internal fixation (14).
Rocker is the term, used in the gait cycle to the fulcrum, 
during its progression. The mechanical metatarsalgia is classi-
fied into second rocker metatarsalgia and third rocker meta-
tarsalgia (20). The second rocker metatarsalgia is also known 
as midstance metatarsalgia or ankle rocker, where increased 
plantarflexion of the lesser metatarsals overloads the forefoot 
producing the metatarsalgia. The third rocker metatarsalgia is 
also known as propulsive metatarsalgia or forefoot rocker in 
which the forefoot acts as the third rocker and only the meta-
tarsal heads and toes will be on the ground (20). 
The present study has screened and included only the patients, 
who were clinically and radiologically diagnosed to have third 
rocker metatarsalgia. Espinosa et al. (9) stated that the triple 
cut modification of Weil osteotomy is a specific technique to 
address the third rocker metatarsalgia. For the treatment of 
third rocker metatarsalgia, the surgical option was recom-
mended, only after the fair trial of conservative manage-
ment failed for a minimum period of 6 months. In our study, 
the hallux valgus correction showed statistically significant 
improvement with the mean correction of the inter metatarsal 
(IM) angle (2.71º) and the hallux valgus (HV) angle (8.75°). 
This is comparable to the study by Biz et al. (23), where the 
mean IM angle correction was 5.95° and HV angle was 16.81°. 
In our study, the hallux valgus was divided as mild, moderate 

Table V. Comparison of status of Metatarsal Parabola Preoperative and Postoperative in both the groups.

Normal 
Metatarsal Parabola

Maceira’s triple 
cut osteotomy 
without fixation

Maceira’s triple 
cut osteotomy 
with fixation

Preoperative Postoperative Preoperative Postoperative

Maintained 14 (48.3%) 23 (79.3%) 6 (40%) 10 (66.7%)

Disturbed 15 (51.7%) 6 (20.7%) 9 (60%) 5 (33.3%)
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and severe, depending on the radiological measurements (IM 
angle and HV angle). The Cheveron osteotomy is performed 
in mild and Scarf osteotomy was performed in the moderate 
variety. This is in contrast to the study by Biz et al. (23), where 
the endolog technique was used to achieve the correction of 
hallux valgus.
Most of the patients with propulsive metatarsalgia will have 
insufficient first rays, which was evident in the present study. 
The patients presenting with abnormal parabola are good 
candidates to restore the forefoot physiological relationships 
with the Maceira’s triple cut modified Weil osteotomy (9). In 
the present study, out of 44, 33 feet had a disturbed parabola in 
the preoperative state, the remaining 11 feet showed disturbed 
parabola after the correction of hallux valgus. Eventually, all 44 
feet showed disturbed parabola after the correction of hallux 
valgus. Our study showed radiologically disturbed Maestro’s 
metatarsal parabola (table III) in 6 patients (20.7%) in triple 
Weil osteotomy without fixation group and 5 patients (33.3%) 
in triple Weil osteotomy with fixation group. This finding is 
comparable to Biz et al. (14), where the ideal metatarsal parab-
ola was obtained in 3 feet (3.2%) out of 93 feet. Biz et al. (14) 
concluded that, there is no correlation among having a harmo-
nious Maestro’s metatarsal parabola and the clinical outcome.
The patients with hallux valgus associated with the metatar-
salgia, formed the major criteria in our patients. It is believed 
that the hallux valgus may be the cause or effect of metatarsal-
gia. Biz et al. (24), while analysing the first ray hypermobility in 
ballet dancers, could be able to make out the observation that, 
during the single stance of the dance, the dancers supported 
the body weight by using the second and third toes, with the 
first ray moving into the valgus, describing the development 
of metatarsalgia along with the hallux valgus deformity (9). It 
was reported that the conservative management is not satisfac-
tory in the management of hallux valgus deformity. However, 
the exceptions are being the peripheral vascular disease, local 
infection and noncompliant patient population (25). Tradition-
ally, among the hundreds of techniques of performing the oste-
otomies for the correction of deformities, Chevron and Scarf’s 
osteotomies are the popular ones, which have the good func-
tional outcomes. These open osteotomies are popular, because 
of their effectiveness combined with the reproducibility, result-
ing in the symptomatic relief with correction of the radiologi-
cal parameters like hallux valgus angle, inter-metatarsal angle 
and distal metatarsal articular angle (DMAA). In our study, 
we performed Chevron and Scarf osteotomy in majority of 
the patients depending on the severity as assessed by the clin-
ical and radiological means. Presently, the minimally invasive 
correction and stabilization of hallux valgus is in vogue, which 
evolved recently and are quite popular, with comparative 
results clinic-radiologically. They have good patient satisfaction 
as the techniques evolved lowering the complication rates (26). 

These techniques are surgically demanding from the surgeon’s 
perspective with the steep learning curve.
The osteotomy technique recreates the biomechanics by the 
preservation of the relative length and position of interossei 
muscles concerning the centre of rotation of the MTP joint. 
Garcia et al. (15) in a retrospective study of the traditional 
Weil osteotomy, reported that there is no difference in func-
tional outcome when osteotomies with and without fixation 
were compared. In our study, when the triple cut osteotomies 
were compared between the fixed and non-fixed groups, it was 
observed that there was no incidence of recurrent metatarsal-
gia. Our results also showed radiological features of non-union 
osteotomy in only 2 feet (4%) out of 29 nonfixed triple cut 
osteotomy feet. However, both these feet were asymptom-
atic. In our study, there were 5 feet showing loss of fixation 
amongst 15 fixed osteotomy feet. Out of these 5 feet, 3 feet 
were warranted for the hardware removal to settle down the 
symptoms. These results were comparable to the study by 
Garcia et al. (15), where the fixation of traditional Weil osteot-
omy had a higher incidence of revision surgeries in comparison 
to the non-fixation group.
The most important biomechanical aspect of triple cut oste-
otomy over the traditional Weil osteotomy is the intrinsic 
tendon’s course with respect to the MTP joint. The course 
of intrinsic tendons is usually altered in traditional Weil 
osteotomy whereas, in triple cut osteotomy the course of the 
tendon is maintained., making the osteotomy stable.
Since the triple cut osteotomy without fixation had shown 
comparable functional outcomes with minimal complications, 
this can be considered as a valuable surgical option for the 
management of third rocker metatarsalgia. The triple cut Weil 
osteotomy prevents the stiff floating toe, which is one of the 
major complications observed in the traditional Weil osteoto-
my. It also reduces the duration of surgery and helps in better 
tolerance by the patients for early weight-bearing. The nonfix-
ation of the triple cut osteotomy makes the metatarsal heads 
settle down to an appropriate position during the weight-bear-
ing, thereby restoring a normal distribution of pressure within 
the forefoot (15). Further on, not fixing the triple cut osteoto-
my has an additional advantage of the reduction in the reoper-
ation incidences for the hardware removal.
The present work is an attempt to know the need for fixa-
tion of the Maceira’s triple cut osteotomy by the retrospec-
tive study, which is the first of its kind according to our 
knowledge. The main limitation of this study is the usage 
of AOFAS LIMS score for a short follow up. This research 
also has some limitations like, it is a retrospective study 
with a small follow-up period of less than two years and is 
performed in two institutions. The shorter follow up period 
made us not knowing about the late recurrences of the defor-
mity. However, we are following up the same patients for a 
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longer period of minimum 5-10 years. So we had adopted the 
AOFAS LIMS score for the assessment. The first ray pathol-
ogy, which coexists with the metatarsalgia is seen in our 
study participants as well and this can be an another limita-
tion. Any clinical and radiological parameters of the first ray 
pathology like recurrence of the hallux valgus deformity can 
alter the clinico-radiological results of the osteotomy.
But the strength of this study is that this is the first of 
its kind to compare retrospectively the need for fixation 
of Maceira’s triple cut modified Weil osteotomy for the 
propulsive metatasalgia. The potential further research 
related to this study can be a randomized prospective trial 
with longer follow up is essential to clearly conclude about 
the need for fixation in a Maciera’s triple cut modified Weil 
osteotomy.

CONCLUSIONS
Maceira’s triple cut modification of Weil osteotomy with or 
without fixation yields equal and effective results in patients 
with propulsive (3rd rocker) metatarsalgia.
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SUMMARY
Background. The Lysholm knee score, initially introduced in 1982 and modified in 
1985, consists of eight items developed to assess knee function after ligamentous inju-
ry. It is widely used tool for measuring patient reported outcomes. However, as the tool 
evolved in English, makes its use restricted to only English-language populations. The 
purpose of this study is to translate, culturally adapt and measure the psychometric 
properties of the Urdu version of Lysholm knee score for Pakistan. 
Methods. The Lysholm knee score was translated and culturally adapted into Urdu in 
accordance with Guillemin’s recommendations. A total of 100 participants with patel-
lar tendinopathy were recruited at our hospital. The translation and cross culture adap-
tation procedure for U-LKS was developed in five steps procedure. Next, Cronbach’s 
alpha, intraclass correlation coefficient (ICC), Pearson’s correlation coefficient (r) was 
calculated to evaluate reliability and validity of U-LKS respectively. The correlations 
between the Lysholm knee score, Kujala Anterior Knee Pain Scale, and SF-36 was used 
to evaluate external validity. Floor and ceiling effects were also assessed.
Results. Overall, 100 Patients with patellar tendinopathy successfully completed the 
Urdu-language Lysholm knee score. Acceptable internal consistency (Cronbach’s 
alpha = 0.769) and excellent test-retest reliability (ICC = 0.823) were calculated for 
U-LKS. There was strong correlation between Lysholm knee score and Kujala Anteri-
or Knee Pain Scale (r = 0.837), high correlations between Lysholm Urdu version with 
the physical component domain of SF-36 score (r = 0.523-0.622) and a low association 
with the SF-36 mental component domain (0.163-0.303).
Conclusions. The Urdu version of the Lysholm knee score is valid and reliable measur-
ing tool and can be used in clinical and research settings for patients with patellar tend-
inopathy. It is quickly administered and has good psychometric properties.

KEY WORDS
Cross-culture adaptation; Kujala; Lysholm knee score; psychometrics; SF-36; translation; 
validation.
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BACKGROUND
Patellar tendinopathy is most frequent problem suffered by 
young athletes that give rise to pain and decreased athletic activi-
ties (1). These decreased functional capacities can be assessed or 
quantified using various knee scores or scales, such as the Victo-

rian institute of sport assessment (VISA-P), International Knee 
Documentation Committee (IKDC) Subjective Knee Form, 
Tegner Activity Scale (2), Marx Activity Rating Scale (3), Kujala 
Anterior Knee Pain Scale (4), and Knee Injury and Osteoarthri-
tis Outcome Score (KOOS) (5). These instruments depend on 
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patients’ clinical signs and symptoms, subjective history, or some-
times combinations of both these factors (6). It is important to 
translate and culturally adapt these instruments before employ-
ing in a community, because most of these outcome measuring 
tools depict the attributes of the language and the social tradi-
tions of the population in which they were designed (7). 
In orthopedic literature, most of the instruments were 
designed in English and therefore may represent the culture 
of Anglo-Saxon from which they originate (8). Majority 
of these instruments are considered as standards for the 
global research based community; however, these can only 
be frequently used if adapted to different languages and 
cultures by preserving their cultural identity. To avoid the 
potential confusion during distribution of new question-
naires, a meticulous adaptation process is required and only 
translation of these instruments is not enough. The avail-
ability of culturally equivalent measuring tools allows for 
multicenter studies to be reliably carried out among differ-
ent countries. Knee related questionnaire with valid Urdu 
version in the literature include only the KOOS (9). 
The Lysholm knee score questionnaire has been validated for 
assessment of various knee pathologies (10). The Lysholm knee 
score shows marked advantages when compared with other vali-
dated knee questionnaires. The WOMAC osteoarthritis knee 
scale and KOOS scale are validated tools for the assessment 
of patients with osteoarthritis and injuries of the hip and knee 
joints. Both these questionnaires need adequate time between 
5-10 minutes for completion (11). Nonetheless, the Lysholm 
knee score is more incisive and hence need less time both for 
completion by the patient and for the health professional to 
assess. Also, it is not specific to particular disease and therefore 
can be used for evaluation of various knee pathologies (12).
To our knowledge, only validated Chinese (13), Italian (14), 
Arabic (10), Dutch (15), Portuguese (16), Greek (17), and 
German (18) translations of the Lysholm knee score with 
psychometric properties of different knee disorders have 
been reported. Therefore, the objectives of our study were 
to translate and culturally adapt the Lysholm knee score 
into Urdu version (U-LKS), and to evaluate the psychomet-
ric properties of U-LKS in Urdu speaking Pakistani patients 
with patellar tendinopathy.

MATERIALS AND METHODS
The study was carried out between October 2020 and 
August 2021 and followed the protocol of Helsinki. The 
translation of Lysholm knee score into Urdu and cultural 
adaption was carried out according to stages recommended 
by Guillemin. The study was divided into two stages: Trans-
lation and cross-cultural adaptation and Psychometric test-
ing of Lysholm knee score Urdu version. 

Stage I: translation and cross-cultural 
adaptation process 

Step I: forward translation
 At least two forward translations of the Lysholm knee score 
into Urdu by two bilingual translators were constructed. For 
the intellectual and conceptual translation of Lysholm knee 
score, two Pakistani individuals (SA, AA) were responsible. 
One of these was physical therapist (SA) who was informed 
about our investigation and other a teacher (AA) who was 
not informed. Both translators are native Urdu speakers and 
conversant in English.

Step II: synthesis of these translations
Both translations were finalized independently, and then 
the comparison and review was done by bilingual individual 
(SS). This review highlighted any conceptual mistakes and 
discrepancies found in the translations. 

Step III: back-translation
After the completion of primary Urdu translation, indepen-
dent backward translation into English was done by two 
native English speakers (FA, WA) who were also conversant in 
Urdu. These translators were blinded about the investigation 
purpose and had no knowledge about the original Lysholm 
knee score. The comparison was done between the succeed-
ing versions of the questionnaire and the initial translation. 

Step IV: expert committee
The expert committee consisted of four translators (FM, AZ, 
SF, UA) was formed for the cross-culture equivalence of the 
translated instrument. This committee evaluated and discussed 
to solve all the discrepancies, amendments, and issues that 
appeared in the questionnaire. The important decision of final-
izing the translated instrument by the expert committee was 
done, and all the problems discussed were recorded in written 
form. The pre-final version of Urdu translation was obtained.

Step V: test of the pre-final version
As a last step, the pre-final version of the U-LKS after the 
approval from the expert committee was delivered to 20 
patients with patellar tendinopathy. The feedbacks by the 
patients were recorded. 

Step VI: documentation submission to the expert 
Committee for appraisal and final version
All the findings, feedbacks and outcomes were submitted to 
committee as a final step in the adaptation process. The expert 
committee has confirmed the implementation of the recom-
mended stages and the final version of U-LKS was obtained.
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Stage II: psychometric testing
100 patients (56 male, 44 female patients; mean age 24.3 ± 
7.1 years; range 18-45 years) of patellar tendinopathy were 
recruited in the study. The data was collected from The 
University of Lahore Teaching Hospital, Department of 
Physical Terapy after the approval from Institutional review 
board (IRB) between April 2020 and March 2021.
The inclusion criteria were: 1) 18-45 years; 2) medical diag-
nosis of patellar tendinopathy; 3) no treatment taken by the 
patients between the test-retest assessments; and 4) Urdu 
as their first language and able to read and complete the 
questionnaire. The participants were excluded if they had: 
1) cognitive impairment rendering the form completion; 2) 
illiteracy or unable to understand Urdu; 3) patients with any 
serious pathology or systemic disease like carcinomas, seri-
ous infections, or inflammatory diseases; and 4) any other 
disease of nervous or musculoskeletal system other than 
the knee condition. Two experienced orthopedic specialists 
clinically examined the patients’ knees. For further evalua-
tion, some of the patients had undergone radiography and 
MRI. Patients independently completed the Urdu version 
of the Lysholm knee scale, the Kujala Anterior Knee Pain 
Scale, and SF-36 in a quiet environment. The physical ther-
apist checked any missing responses and asked the patients 
reasons for skipping the question. The physical therapist 
noted any difficulty experienced by the patients in under-
standing the questionnaire and recorded the time required 
to complete the questionnaires. The time taken to complete 
the questionnaire was used to measure ease of use. In addi-
tion to this, all the problems with comprehension of trans-
lated terms as they appeared were also documented. All the 
participants of the study had thoroughly read and singed 
the informed consent. This study was approved by Institu-
tional Review Board, The University of Lahore (IRB-UOL-
FAHS/694-I/2020).

Questionnaires
The Lysholm knee score is a 100-point scale with eight items 
that evaluated walking gait, frequency of knee locking, frequen-
cy of pain, stair climbing, need for external support, body 
stability, joint swelling, and squatting ability. A total score of 
0-100 was evaluated based on the answers given by the patients 
depicting knee functional status of the patients. A low and high 
scores indicate poor, and excellent knee functional status of the 
patients respectively (19).
The Kujala Anterior Knee Pain Scale developed by Kujala et 
al. consists of 13 questions related to pain and functional ability 
of the knee joint during different activities. It also ranges from 
0-100, with highest scores indicate good functional status and 
vice versa (20).

The SF-36 consists of eight sections used to measure health 
quality of the patients. This scale depends on patient self-re-
porting measures to evaluate their physical and mental 
status. It was initially designed to assess generic health status 
but also has been used to different disease populations (21).
The physical therapist asked the patients to independent-
ly complete the listed questionnaires U-LKS, Kujala scale, 
and SF-36 in a quiet room during their first visit. The 
demographic details of the participants were also noted. 
After 3-14 days of the first assessment, same patients were 
re-tested in the same manner by filling same question-
naires. During this time-period no treatment was given to 
the patients to reduce any risk of short-term clinical change. 
The intra-class correlation coefficient (ICC) at 95% confi-
dence interval was evaluated to measure the test-re-test reli-
ability. The Cronbach’s alpha was used to assess reliability 
or internal consistency of U-LKS. The values of > 0.7, > 0.8, 
> 0.9 are considered as having acceptable, good and excel-
lent reliability respectively.  
In this study, validity was evaluated by measuring construct 
validity, convergent validity, and divergent validity. The 
construct validity of U-LKS was assessed by measuring its 
correlation with the Kujala Anterior knee pain scale and the 
physical components score of SF-36. Convergent validity was 
assessed by finding out correlation with SF-36 domains of phys-
ical functioning, physical role functioning and physical compo-
nent score. The SF-36 domains of mental health, emotional 
role functioning, and mental component score were used to 
evaluate divergent validity. It was believed that there was close 
correlation between physical domains of SF-36 and disease, or 
joint-specific questions as compared to the mental domains. 

Statistical analysis 
The statistical analysis was performed using the Statistical 
Package for the Social Sciences (SPSS version 24). Data are 
presented as mean ± standard deviation (SD). Test-retest reli-
ability across repeated measures were taken to measure reli-
ability, an intra-class correlation coefficient (ICC) for inter-
nal consistency and measurement error and 95% confidence 
intervals (CIs). P < 0.05. Pearson’s correlation coefficient was 
used to evaluate the construct and convergent and divergent 
validities (95% CI). A paired t-test was used to find statistically 
significant differences between the first and repeat assessment. 
Internal consistency was found by using Cronbach’s alpha.

RESULTS

Participants 
A total of 100 participants with patellar tendinopathy (56 
males, 44 females; mean age 24.3 ± 7.1, range 16-45 years) 
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participated in the study between April 2020 and March 2021. 
They all completed the Urdu version of Lysholm knee scale 
within 3 to 14 days interval with no withdrawn cases. The time 
required to complete the Lysholm knee scale was 3 minutes. 
Detailed demographics of participants is given in table I.

Translation, cross culture adaptation process, 
acceptability, and score distribution 
Process of forward and backward translations went 
smoothly. In our formal investigation, all the respondents 
completed the U-LKS first time without facing any difficul-
ty. So, the response rate was 100% with no missing ques-

Table I. Participant’s characteristics.

Characteristics Total sample
(N = 100)

Male 
(n1 = 56)

Female
(n2 = 44) 

P-value*

Age (years; mean ± SD) 24.3 ± 7.1 24.7 ± 6.8 23.9 ± 7.4

18-27 years 54 (54%) 24 (42.8%) 22 (50%) 0.535

28-37 years 36 (36%) 20 (35.7%) 14 (31.8%)

38-45 years 10 (10%) 12 (21.4%) 8 (18.2%)

Range 18-45 17-37 16-32

Affected side; numbers (%) 0.740

Right 66 (66%) 43 28

Left 34 (34%) 13 16

BMI (Kg/m2; mean ± SD) 24.3 ± 3.5 23.9 ± 3.2 24.8 ± 3.8 0.141

< 18.5-24.5 73 (73%) 37 (66%) 27 (61.4%)

25-29.5 21 (21%) 19(34%) 11 (25%)

> 30 6 (6%) 0 (0.0%) 6 (13.6%)

Patellar tendinopathy duration
(Months; mean ± SD)

5.5 ± 3.4 5.8 ± 3.2 5.1 ± 3.7 0.272

Range 0.5-12 1-12 0.5-11
BMI: Body mass index; *calculated by Student’s t-tests for continuous variables and Chi2 tests for categorical variables between males and females.

tions. However, one of the difficulties encountered was 
understanding the term “instability”. Therefore, explana-
tions of difficult words with understandable language were 
given with the final version of U-LKS questionnaire. ‘‘مدع 

 is the most suitable Urdu word for translating the ”نزاوت
term “instability,” even then some of the patients still find 
it difficult to understand this term. However, the linguistic 
committee was unable to find a more appropriate word to 
replace it. The questionnaire was completed in average 3 
mins. Overall, U-LKS had no ceiling effect (1.7 %) or floor 
effect (0.7 %), but the ceiling effect did exist for items 
“Locking”, “Limp” and “Support” (table II).

Table II. Score distribution and floor-ceiling effect of U-LKNS.

Item Mean ± SD Observed range Theoretical range Floor effect (%)* Ceiling effect (%)*
Pain 11.1 ± 6.9 0-25 0-25 3.9 4.7

Instability 13.8 ± 2.8 0-25 0-25 2.7 3.4

Locking 11.3 ± 4.1 0-15 0-15 3.4 51.9

Stair climbing 5.7 ± 1.4 0-10 0-10 10.2 13.6

Limp 3.4 ± 1.9 0-5 0-5 8.4 27.8

Support 4.2 ± 1.6 0-5 0-5 4.6 71.0

Swelling 6.3 ± 1.7 0-10 0-10 8.3 14.3

Squatting 3.1 ± 1.8 0-5 0-5 8.9 1.7

Overall Lysholm knee scale 64.8 ± 13.1 0-100 0-100 0.7 1.7
*Percentage of patients with the worst (floor effect) and the best (ceiling effect) condition.
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Reliability 
The Urdu Lysholm knee questionnaire exhibited adequate 
reliability. The value of Cronbach’s alpha of U-LKS was calcu-
lated as 0.769, showed acceptable internal consistency. The 
overall test-retest reliability for each item was “excellent” (ICC 
= 0.823), and test-retest reliability for each item ranged from 
acceptable, good to excellent (table III). There was no statisti-
cal difference between the test-retest means with paired t-test. 
To calculate the test-retest reliability, all the patients were 
asked to complete the Lysholm knee questionnaire 3-14 days 
after the first assessment. During this period no treatment was 
given to reduce the risk of short-term clinical change.

Validity 
The Urdu-language questionnaire showed good to excellent 
content validity with analysis and evaluation of content by 
orthopedic and rehabilitation experts and the information 
gained from the questionnaire was sufficient to evaluate 
functional status of the patients with patellar tendinopathy. 
Therefore, it was recommended not to add or delete items. 
The relevant data for construct validity evaluation is shown 
in table IV. The U-LKS and the Kujala Anterior Knee Pain 
Scale scores showed correlation coefficient of 0.78, which is 
considered extremely strong (p > 0.05). There was highest 
correlation among U-LKS, SF-36 physical function, SF-36 
role function and SF-36 bodily pain (r = 0.622, r = 0.523, 
r = 0.663, respectively; p > 0.05). Despite that the physi-
cal subscales of SF-36 are to evaluate functional status of 
activity; lowest correlation was recognized between U-LKS 
and SF-36 role emotion. One possible cause is that SF-36 

Table IV. Construct validity of U-LKSa.

Scales Correlation coefficient (r)b P-value 
Kujala anterior knee pain scale 0.837 < 0.0001

SF-36

SF-36 physical function (PF) 0.622 < 0.0001

SF-36 role physical (RP) 0.523 < 0.0001

SF-36 bodily pain (BP) 0.663 < 0.0001

SF-36 general health (GH) 0.471 < 0.0001

SF-36 Vitality (VT) 0.303 0.001

SF-36 Social function (SF) 0.366 < 0.0001

SF-36
Role-emotion (RE)

0.207 0.020

SF-36 Mental health (MH) 0.163 0.068

SF-36 Short-Form 36; athe sample size for construct validity was 100; bcalculated by the Pearson correlation of the Simplified Urdu version of U-LKS with 
Kujala and SF-36.

Table III. Test-retest reliability of U-LKS.

Lysholm 
Knee Scale

1st-Test 
(mean ± SD)*

2nd -Test 
(mean ± SD)*

ICC 

Pain (Max. 
25 points)

11.1 ± 6.9 11.1 ± 6.7 0.840

Instability (Max. 
25 points)

13.8 ± 2.8 12.7 ± 4.3 0.494

Locking (Max. 
15 points)

17.2 ± 6.0 19.7 ± 1.9 0.639

Stair climbing 
(Max. 10 points)

5.7 ± 1.4 5.1 ± 1.7 0.621

Limp 
(Max. 5 points)

3.4 ± 1.9 3.9 ± 1.9 0.537

Support 
(Max. 5 points)

4.2 ± 1.6 4.0 ± 1.7 0.655

Swelling (Max. 
10 points)

6.3 ± 1.7 6.4 ± 2.5 0.339

Squatting 
(Max. 5 points)

3.1 ± 1.8 3.8 ± 3.1 0.522

Overall Lysholm 
knee scale (Max 
100 points)

64.8 ± 13.1 67.9 ± 14.7 0.823

ICC: Intraclass correlation coefficient, CI 95 % confidence interval; SD: 
Standard deviation; *the 1st test was conducted at the beginning of this 
research, the 2nd test was conducted 1 week later to calculate the test-retest 
reliability (ICC) of the U-LKS.
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is a generic scale and has very low degree of accuracy when 
evaluating the functional status for certain patients as 
compared to other specific scales. Similarly, there was weak 
correlation between U-LKS and SF-36 mental health (r = 
0.207 and r = 0.163, respectively or p > 0.05). These find-
ings can be expected because the mental state of a patient 
is affected by various factors in life. There was no floor 
and ceiling effects found in both assessments for all ques-
tionnaires.

DISCUSSION
Different questionnaires measuring function and quali-
ty of life in different patients are used in clinical investi-
gations. Researchers compare different questionnaires and 
evaluate functional status of the patients. Clinical scientific 
research is rapidly increasing in Pakistan and large number 
of articles are being published every year. Therefore, effec-
tive questionnaires are required to support these rapid-
ly increasing clinical research. The Lysholm knee score is 
common measuring tool used to evaluate knee function in 
various knee disorders, and has excellent validity, reliabili-
ty, and responsiveness (17, 22-26). Hence, it is believed that 
translation of such scale in a country with large number of 
knee patients is highly significant, which is also one of the 
objectives of current study.
The most important outcome of this study is that the Urdu 
version of the Lysholm knee score showed good reliability, 
validity, easy to use and good psychometric properties of 
this scale for patients with patellar tendinopathy in Paki-
stani population. 
Generally, there should be relatively short (3-7days) time 
interval between test-retest of clinical measuring tool when 
the condition is supposed to change quickly (27). The liter-
ature shows a longer retest interval for Lysholm knee scale 
than the reported interval. The interval of 3-14 days was 
selected as of previous studies (14, 24, 28, 29) and hence the 
limitations related to this selection are accepted.
The test-retest reliability was calculated using ICC with 3 to 
14 days interval between each administration of question-
naire. In this study, the ICC calculated 0.823, which shows 
excellent short-term reliability. This value is like original 
Lysholm questionnaire and translated versions into other 
languages (10, 13, 14, 22, 30).
The U-LKS demonstrated acceptable internal consistency 
(Cronbach alpha = 0.769). These scores are consistent with 
Cronbach alpha values found in translations of the same 
questionnaires into other languages (13, 24, 28).
The correlation of U-LKS with Kujala anterior knee pain 
scale and SF-36 showed good construct validity. The results 
were in accordance with previous studies (22, 24, 25, 

31-33). The correlation between U-LKS and Kujala knee 
pain scale was strongest (r = 0.837). The physical subscales 
of SF-36 are to assess the functional level of activity, they 
did not show strong correlation with U-LKS (r = 0.523-
0.622). The possible reason might be the lower value of 
accuracy of SF-36 when checking the functional status of 
certain patients, as compared to the other particular scales 
(34). The mental subscale of SF-36 in particular, showed 
weak or not at all correlation with U-LKS (r = 0.207-0.303). 
This finding can be the result of different factors affecting 
the mental state of patients.
The U-LKS was easily understood by the participants, and 
it took less than 3 mins to complete it. All the participants 
fully completed the questionnaire that shows the maximum 
response rate. Additionally, the floor and ceiling effects 
shows that the Urdu version of Lysholm knee scale is an 
appropriate tool for patients with patellar tendinopathy.
Therefore, the present study successfully translated and 
adapted the Lyhsolm knee scale for patients with patellar 
tendinopathy and is equivalent to its English version, given 
its reproducibility, consistency, and validity.
At present, no Urdu version of Lysholm knee score is avail-
able and the current study confirms that this scoring system 
has high test-retest reliability and high correlation with 
Kujala knee scoring system. In addition, the absence of ceil-
ing and floor effects indicates that this can be used in Paki-
stani patients with patellar tendinopathy.

Limitations
Some limitations of the present study should be consid-
ered. First, a relatively small sample size may not perfectly 
represent the entire Pakistani knee injury patient popu-
lation, but the information from 100 patients is adequate 
to evaluate psychometric properties and is no less than 
that of similar studies (28, 35). Yet the U-LKS should be 
applied to large population to find its validity, reliabili-
ty, and psychometric properties in patients with patel-
lar tendinopathy. Secondly, Urdu language was selected 
to adapt which does not cover the entire population of 
Pakistan because multiple minority groups in Pakistan 
speak own languages which should be noted while apply-
ing questionnaires. Additionally, there is lack of standard 
or ideal interval for reevaluating patients for their health 
status. The short interval between test-retest has the risk 
of patients becoming well-acquainted with the questions 
and answer them relying on their memory of the initial 
evaluation. Although the long interval can limit this risk, 
however other factors should be considered to minimize 
the bias in such investigations. For example, only patients 
with chronic conditions and long rescanning intervals can 
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be included in studies because it is unethical to treat an 
acute condition for longer time duration. Moreover, spon-
taneous recovery of acute conditions may happen. 

CONCLUSIONS
This study has shown that successfully translated U-LKS is reli-
able and valid tool comparable to available versions in other 
languages for patients with patellar tendinopathy. The anal-
ysis does not indicate major problems with validity and that 
a confirmatory psychometric validation (using IRT or CFA 
for ordinal data) in a larger data set could confirm this. This 
score is good outcome tool for use in Urdu-speaking countries. 
Therefore, it is suggested to apply translated version U-LKS to 
assess the knee function and to collect the data for clinicians 
and researchers. 
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SUMMARY
Background. Previous research indicates that eccentric contraction (ECC) exercise 
training was more effective for improving the muscle strength, mobility, balance, and 
postural stability of older adults compared to the concentric contraction (CON) exer-
cise training. Chair yoga (CY) and tai chi (TC) popularity have grown tremendously in 
the past several years to treat older adults with chronic conditions. The study investi-
gated the effect of CY and TC performance prior to various intensity of ECC exercise 
induced muscle pain, delayed onset of muscle sores (DOMS), and strength in seden-
tary older adults. The study also compared the physical status of the sedentary older 
adults before and after performing the entire exercise protocol.
Methods. Nine sedentary older adults with chronic condition(s) aged between 60 and 
90 performed CY and TC prior to ECC exercise protocol for 9 weeks. The medi-
cal pre-protocol, ECC exercise with or without CY and TC, subjective (health activ-
ities of daily living (ADL) difficulty scale; visual analog scale (VAS), and DOMS, and 
objective (pressure pain threshold (PPT), and medical post-protocol assessments were 
carried out. The results of medical pre-protocol and medical post-protocol assess-
ments were compared.
Results. Our results show that functional limitations, DOMS, VAS, and PPT levels 
were improved when the CY and TC were performed in weeks 2, 4, 6, and 8 compared 
to when ECC exercise was performed in weeks 3 and 7. The manual muscle testing 
(MMT), active range of motion (AROM), and maximal voluntary isometric contrac-
tion (MVIC) were improved and showed significant differences on the weak muscle 
groups. The mean Tinetti balance and gait score showed significant difference whereas 
the general endurance score did not show significant difference.
Conclusions. After 9 weeks, CY, and TC performance prior to ECC exercise improved 
muscle strength, balance, gait, AROM and ADL activities in the sedentary older adults 
with chronic conditions. This can potentially prevent age-related mobility and balance 
as well as its related fall risk.
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INTRODUCTION
Regular physical exercise helps to improve the physical and 
mental functions of the older adults and keep them mobile and 
independent (1). The older adults are sedentary for approxi-
mately 10 h per day which is greater than any other age groups. 
Prolonged period of sitting may cause losing of the muscle 

mass, and further decline functional mobility and increase risk 
for falls, weakness, and dependency. Most of the older adults 
may have one or more chronic health conditions like diabetes 
(type 2), heart disease, arthritis, or cancer (2). There is always a 
challenge and difficulty for the older adults with chronic condi-
tions to participate in regular physical exercise programs. 
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According to the U.S. Centers for Disease Control and 
Prevention, one in four Americans aged 65+ falls each year; 
every 11 seconds, an older adult is treated in the emergen-
cy room for a fall, and every 19  mins an older adult die 
from a fall (3). Falls, with or without injury, also carry a 
heavy quality of life impact. Age-related skeletal muscle 
mass loss is common in the older adults (4, 5). The lack 
of physical activity and interaction can also result in the 
decreased mobility, social isolation, poor muscle strength, 
and diminished balance  (6, 7). The key guideline for the 
older adults with chronic conditions is to engage them-
selves in a self-generated or organization generated exer-
cise activity such as walking, running, muscle strength-
ening program, endurance training, balance training that 
will enhance them to perform their activities of daily living 
(ADL) independently (3, 8). So, specifically tailored resis-
tance exercise and balance training programs can be devel-
oped for older adults with the chronic conditions that can 
easily be implemented into clinical practice (9).
In routine exercise, the skeletal muscle generates force by 
either concentric contraction (CON; shortening) or eccen-
tric contraction (ECC; lengthening). The ECC exercise 
generates large muscle tension due to the decreased rate 
of actin-myosin cross-bridge detachment and lower energy 
expenditure than the CON exercise (10, 11). During CON 
for the actin-myosin cross-bridge separation, adenos-
ine triphosphate (ATP; energy) is utilized. While during 
the ECC, the cross-bridges are forcibly separated due to 
the stretching of the muscle fibers, resulting in less ATP 
consumption (12). As the ECC exercise has specific phys-
iological and mechanical properties, there is an increas-
ing interest in employing the ECC muscle work for the 
rehabilitation and clinical purposes (13). But, overstretch-
ing due to the ECC does not allow the overlap between 
myosin and actin filaments, thereby exceeding the allow-
able capacity for connective tissue and other proteins in 
the sarcomere, and as a result, repetitive ECC loads can 
damage the muscle cells and cause muscle pain and delayed 
onset of muscle soreness (DOMS) (14). ECC exercises 
performed at a greater intensity led to the muscle inflam-
mation, damage, pain, and temporary DOMS for 2-3 days 
of post-exercise in the older adults (15-17). However, the 
initial 2 to 3-week mild to moderate intensity ECC exer-
cises performance showed less DOMS and pain in seden-
tary older adults (16, 18). Studies have supported that the 
ECC manual resistance exercise training was more effec-
tive for improving the muscle strength, mobility, balance, 
and postural stability of older adults with chronic condi-
tions compared to the CON exercise training (19-21).
Yoga and tai chi (TC) popularity have grown tremendously 
in the past several years to treat many diseases. Perform-

ing yoga and TC poses have tremendous health benefits like 
relief pain (22-28), improve flexibility and balance (27, 28), 
and muscle strength (22, 29). A significant number of older 
adults cannot participate in traditional yoga due to prob-
lems with the balance, lack of muscle strength, or fear of 
falling caused by impaired balance. Chair yoga (CY) is prac-
ticed sitting on a chair or standing while holding the chair 
for support (30). CY and TC are gentle and easy-to-learn 
that are appropriate for older adults who cannot participate 
in traditional yoga or exercise and are shown to be associ-
ated with decreased pain, improved physical function (28, 
31), decreased depression, and improved life satisfaction 
compared to other interventions (25, 32-35).
Yoga and TC exercise can be combined with ECC or CON 
exercise session. Yoga and TC can be performed before or 
after every ECC or CON exercise session depending on the 
intensity, type, and repetitions of the ECC or CON exercise 
session. In the published literature search, we found a few 
studies showing the effect of yoga poses on ECC exercise 
induced DOMS, pain, strength, and balance in the younger 
population (36-38). There is a need for the research focusing 
on the sedentary older adults with chronic conditions to see 
the effect of CY and TC on various intensity of ECC exer-
cise induced DOMS, pain, strength, and balance. Hypothesis 
of this study was that the performance of CY and TC prior 
to lower intensity ECC exercise will lower DOMS, pain, and 
improve strength, balance, and functional limitations. Current 
study might help to determine the ideal intensity of ECC exer-
cise which can be performed by the older adults with chronic 
conditions comfortably.
Therefore, the first aim of our study was to investigate the 
effect of CY and TC performance prior to various intensity 
of ECC exercise induced muscle pain, DOMS, and strength 
in sedentary older adults.
The second aim was to compare the physical status (balance, 
gait, AROM, muscle strength, and functional limitations) of 
the sedentary older adults before and after performing the 
entire exercise protocol.

METHODS

Participants
In the cross-sectional pilot study, a total of 13 sedentary older 
adults were screened and 4 were excluded for the reasons 
described in figure 1. Nine sedentary older adults (6 women 
and 3 men; aged between 60 and 90) with chronic condition(s) 
were recruited after the screening process. The selected partic-
ipants were independent to complete their ADLs without 
assistive devices. The informed consent was obtained before 
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enrolling the participants. The study was approved 
by the author’s Institutional Review Board (19.05.08-
004). Physician approval was also obtained for all the 
participants. The study was carried out at the Bessy 
Commons assisted living facility, Scarborough, Maine, 
USA. The author of this study has followed the inter-
national ethical principles as well as the ethical stan-
dards of Helsinki. The inclusion and exclusion criteria 
and the do’s and don’ts of the study participants are 
listed in the table I.

Procedures 
The simplified experimental design and testing 
procedures are summarized in figure 1. 

Week 1
Health screening (height, weight, body mass index 
(BMI), blood pressure (BP), and heart rate (HR)) 
was performed for the participants (table II). BP and 
HR were checked every day before starting the exer-
cise session, and post-exercise session. The eligible 
participants were recruited for the study after record-
ing the medical pre-protocol assessments listed in the 
table III. The entire study protocol was thoroughly 

 Table I. Inclusion/exclusion criteria and do’s/don’ts of the study participants.

Inclusion criteria Exclusion criteria

(Must have at least one condition)

Diabetes, peripheral neuropathy Bedridden, difficulty breathing at rest

Peripheral vascular disease Total assistance with all activities

Acute/chronic kidney disease (stage I and 2) Wheelchair-bound, cardiac palpitations

Chronic obstructive pulmonary disease (COPD) Parkinson’s disease

History of stroke, joint pain (arthritis) Patient with 24 h care

Congestive heart failure, anxiety, and cancer High blood pressure (systolic>140/diastolic>90)

Do’s Don’ts

Perform their normal activities of daily living Consuming any anti-inflammatory drugs 

Nutritional supplements 2 h prior exercise 

Alcohol 12 h prior to the exercise 

Any stretching exercises

Therapeutic/prophylactic interventions

Heavy weightlifting

  Unaccustomed new physical activities

Figure 1. Simplified experimental design and testing procedure.
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explained to the participants using demonstrations. During 
the training, the principal investigator (PI), a certified yoga-tai 
chi instructor and 3 research assistants constantly monitored 
the participants and were prepared for any emergencies.
The maximal voluntary isometric contraction (MVIC; 
muscle strength) calculation was carried out and document-
ed on the ten selected muscle groups using a hand-held 
dynamometer (Lafayette Instrument, Manual Muscle Test-
ing (MMT) Device, Pro-Health Care, USA): a) Elbow flex-
ion at 90°; b) Elbow extension at 90°; c) Shoulder abduc-
tion at 0°; d) Shoulder flexion at 0°; e) Shoulder extension 
at 0°; f) Hip flexion at 90°; g) Hip extension at 90°; h) Hip 
abduction at 90°; i) Knee extension at 90° and j) Knee flex-
ion at 90° (39, 40). The selected ten muscle groups for the 
study were elbow flexors, elbow extensors, shoulder flex-
ors, shoulder extensors, shoulder abductors, hip flexors, hip 
extensors, hip abductors, knee flexors, and knee extensors 

(figure 2). MVIC calculation was done on the selected ten 
muscle groups on the first day of every week.

Weeks 2-8
Hair yoga (CY) and tai chi (TC) sessions were conducted 
for the participants on Monday, Wednesday, and Friday of 
weeks 2, 4, 6 and 8 for about 35-40 min/day. ECC exercise 
were performed by the participants on Monday, Wednes-
day, and Friday of weeks 3, 4, 7 and 8 with adequate rest-
ing period. The subjective (health activities of daily living 
(ADL) difficulty scale, visual analog scale (VAS) and 
DOMS) and objective (pressure pain threshold (PPT)) 
assessments were carried out on Tuesday, Thursday, and 
Saturday of all the weeks (except week 5) for about 30 min/
day. Week 5 was given as a resting week for the participants 
(figure 1).

Table II. Demographical characteristics of the study participants during the screening process. 

Gender Women Men

Participants 6 3  

Mean ± SD Mean ± SD P-value

       

Age (years) 81.5 ± 3.56 77.4 ± 5.25 0.589 (ns)

Height (cm) 166 ± 2.89 174.12 ± 4.10 0.045**

Body weight (Kg) 63 ± 4.56 74 ± 3.27 0.009**

Body mass index (BMI) 20.28 ± 2.01 21.02 ± 2.32 0.757 (ns)

Blood pressure (BP) 120/81 ± 3/1 121/82 ± 4/2 1.563 (ns)

Heart rate (HR) 86 ± 4 92 ± 5 0.894 (ns)

SD: standard deviation; ns: not significance; *: significance. 

Table III. List of medical pre- and post-protocol assessments performed in the participants selection process. 

  Screening assessments   Eligibility Requirement
1 Initial screening questionnaire to assess the participants health status by marking  

all true statements and physical activity readiness questionnaire (PAR-Q)

2 Functional limitations of the participants by setting certain ADL activities 

3 Active range of motions (AROM) in the upper and lower extremity joints 

using Taytools digital goniometer with stainless steel blades

4 Manual muscle testing (MMT) on the shoulder, elbow, hip, and knee muscle groups > 3/5 

5 Tinetti balance and gait assessment > 20/28 

6 General endurance test (2-min walk test) 200 sq. ft/2-min

7 Rating of perceived exertion (range 0-10) after the 2-min walk test 5



47Muscles, Ligaments and Tendons Journal 2022;12 (1)

C. M. SadaCharan

Chair yoga (CY) and tai chi (TC) 
The CY and TC sessions were conducted as a group activity 
under the care of a certified instructor for about 35-40 min. 
The participants started with breathing exercises. The TC 
session was conducted for about 10-15 mins, followed by 
5 mins rest period, then the CY poses were performed for 
about 15-20 mins. A total duration of 30-40 mins was spent 
on CY and TC training days. Participants performed cat/
cow, forward fold, seated twist, chest opener, chair pigeon/
hip opener, dancer, downward-facing dog, eagle, extended 
side angle, knee to chest, lunge, and tree CY poses using 
yoga chairs (24, 25, 28, 33, 34) (figure 3). 

Subjective assessments 
• A: ADL difficulty scale: participants were asked to perform

the following activities and their pain responses were
recorded. The pain scale ranged from 0 (no pain) to 10
(worst pain). The activities were: a) combing hair, b) pull-
ing a heavy object, c) using arm to rise from a chair, d)
carrying an object above the shoulder, e) putting on shirt/
coat, f) washing opposite armpit and back, g) getting in and
out of the car, h) walking on the flat ground, i) ascending
stairs, j) descending stairs, k) getting in and out of bed, l)
bending to pick up from the floor (41).

• B: Visual Analog Scale (VAS). The participants were asked to 
mark the level of perceived soreness on the plain paper (0 to
10 points; 0 indicated “no pain” and 10 indicated “extreme

Figure 2. Participants performing maximal voluntary isometric contraction (MVIC) while researcher holding Dynamometer on 
the elbow flexors (a), elbow extensors (b), shoulder flexors (c), shoulder abductors (d), shoulder extensors (e), hip flexors (f), 
hip extensors (g), hip abductors (h), knee flexors (i) and knee extensors (j).

Figure 3. (a) Participants performing chair yoga (CY) poses. 
(b) Participants performing tai chi (TC) session.



48 Muscles, Ligaments and Tendons Journal 2022;12 (1)

Effect of Tai Chi and Yoga in the Older Adults

pain”) when the mid-belly of the selected ten muscle groups 
was palpated in a circular motion by the investigator (39). 

• C: the delayed onset of muscle soreness (DOMS) was
assessed by asking the participants to perform the move-
ments at the shoulder, elbow, hip and, knee joints (flexion
for extensors, extensors for flexors, and adduction for
abductors), and pain level was recorded based on their
verbal responses (39).

Objective assessment 
• D: Pressure Pain Threshold (PPT): PPT is the minimum

amount of force applied to induce pain and measured using 
an electronic algometer (baseline 60-pound Dolorimeter/
Algometer pain threshold meter, pro-health care, USA) on
the mid-belly of the selected ten muscle groups (39).

ECC exercise protocol 
Participants performed ECC exercises (4 × 10 or 2 × 20 repe-
titions) on the selected ten muscle groups with an intensity of 
20% or 30% MVIC using Ultimately Fit Adjustable Ankle 
Weights (Hayneedle Company, USA) (39, 40, 42) (figures 1, 4). 

Week 9 
Medical post-protocol assessment: the health screening, func-
tional limitations, MMT, Tinetti balance and gait, MVIC, and 
general endurance assessments were carried out on the partic-
ipants like the medical pre-protocol assessment (week 1) 
table III.  

Statistical analysis
Statistical analysis was carried out using GraphPad Prism 
software (version 8.2.0), San Diego, CA. The paired-sam-

ple t-test and repeated measures one-way ANOVA with 
Tukey’s multiple comparison tests were carried out and 
the difference between medical pre-protocol, study proto-
col, and medical post-protocol subjective and objective 
assessments were compared. The subjective and objective 
assessment results were also compared between the weeks. 
Statistical significance was set at an alpha level at p ≤ 0.05.

RESULTS
A total of 9 sedentary older adults (6 women and 3 men) 
with chronic condition(s) participated and completed all 
the interventions in this study (figure 1). The character-
istics of the participants are shown in the table II. There 
were no significant differences between women and men 
in terms of age, BMI, HR, and BP and were within the 
normal values throughout the study period. But there were 
significant differences between women and men in terms 
of their height and body weight table II.  
The effect of CY and TC performance prior to ECC exer-
cise (results of subjective and objective assessments) is 
presented in the Consort flow diagram (figure 5). The exer-
cise induced DOMS, pain and functional limitations were 
carefully assessed and differentiated from the participants 
preexisting chronic condition(s) pain. Our results show that 
functional limitations, DOMS, VAS, and PPT levels were 
improved in the CY and TC performed weeks 2, 4, 6, and 8 
compared to ECC exercise weeks 3 and 7. Participants did 
not perform any kind of exercises in the weeks 1, 5 and 9 to 
have the pain assessment result. The mean DOMS, VAS, and 
PPT results are shown in figure 6. In the ECC exercise week 
3, DOMS, VAS, and PPT results showed moderate pain on 
shoulder abductors (p = 0.009), elbow extensors (p = 0.012), 

Figure 4. Participants performing eccentric contraction (ECC) exercises using ankle weights on the elbow flexors (a), elbow 
extensors (b), shoulder flexors (c), shoulder abductors (d), shoulder extensors (e), hip flexors (f), hip extensors (g), hip abduc-
tors (h), knee flexors (i) and knee extensors (j).
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hip abductors (p = 0.008) and hip extensors (p = 0.013) and 
were statistically significant different. In the ECC exercise 
week 7, VAS, and PPT assessments showed moderate pain 
on the shoulder abductors (p = 0.028), and elbow exten-
sors (p = 0.042) and were statistically significant different. 
The DOMS and pain were felt only on weak muscle groups 
(weeks 3 and 7) of the participants. Our results show that 
CY and TC performance improved DOMS and pain that are 
induced by the ECC exercise weeks 4 and 8. There were no 
significant differences between women and men, and type(s) 
of chronic disease in terms of the functional limitations, 
DOMS, VAS, and PPT results. 

The participants’ medical pre-protocol results (week 1) 
were compared with medical post-protocol results (week 
9) using paired t test (figure 5). The mean MMT, AROM,
and MVIC results (week 1 and 9) were compared and
presented in the table IV. In general, MMT, AROM, and 
MVIC improved in the selected ten muscle groups and their 
joints. MMT showed significant differences in the shoulder 
extensors, and abductors, elbow extensors and hip exten-
sors and abductors. AROM showed significant differenc-
es in the shoulder flexors, and abductors, and hip exten-
sors and abductors. MVIC showed significant differences 
in the selected ten muscle groups. The overall percentage 
of increased MVIC value at the medical post-protocol was 
between 13.04% and 26.31%. The MMT, AROM, and 
MVIC were improved and showed significant differences 
on the weak muscle groups table IV. The Tinetti balance 
and gait score, general endurance (2-min walk test distance) 
and functional limitations were also improved in the partic-
ipants (table V). The mean Tinetti balance and gait score 
showed significant difference whereas the general endur-
ance score did not show significant difference. There was 
no perceived exertion noted after the 2-min walk test and 
did not show significant difference (table V). There were 
no significant differences between medical pre-proto-
col and medical post-protocol results in terms of genders 
and type(s) of chronic disease. Our results show that CY 
and TC performance prior to ECC exercise improved the 
balance, gait, AROM, muscle strength, flexibility, and func-
tional limitations of the participants by minimizing the ECC 
induced DOMS, and muscle pain and preexisting chronic 
condition(s) pain (figure 7).

DISCUSSION
The number of older adults continues to increase in the 
world, the prevention of physical disability is an important 
public health priority. Physical activity and mobility will help 
sedentary older adults to be independent for long time and 
delay the occurrence of disability in the future (1-3). Research 
works on older adults support that physical activity is effec-
tive for both preventing and controlling chronic conditions 
associated with multiple comorbidities such as, obesity, high 
BP, cardiovascular diseases, and type 2 diabetes (8, 9). 
A big challenge is designing a suitable exercise program for 
sedentary older adults with chronic conditions and making 
them participate in the exercise program regularly. Due to 
age related physical and mental health issues it is a big chal-
lenge for them to participate consistently in routine physical 
activity. Also, performing vigorous high intensity exercises 
will be difficult for the sedentary older adults with chronic 
conditions as it requires more energy and muscle strength. 

Figure 5. The Consort flow diagram shows the summary of 
assessment results.
M: Monday; Tu: Tuesday; W: Wednesday; Th: Thursday; F: Friday; 
Sa: Saturday.

Figure 6. Mean delayed onset of muscle soreness (DOMS), 
visual analog scale (VAS), pain pressure threshold (PPT) 
assessment results. 
*: significance.
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Table IV. Manual muscle testing (MMT), active range of motion (AROM), maximal voluntary isometric contraction (MVIC) 
comparison before (medical pre-protocol assessment; week 1) and after (medical post-protocol assessment; week 9) the study 
protocol. 

MMT (O-no contraction palpable, 
5-normal strength)

AROM (in degrees) MVIC (in lbs)

Week 1 Week 9 MD 
(P-value; 

significance)

Week 1 Week 9 MD 
(P-value; 

significance)

Week 1 Week 9 MD 
(P-value; 

significance)Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Shoulder 
flexion

4.4 (0.4) 4.8 (0.31) 0.4 (0.096; ns) 138 (16) 165 (10) 27 
(0.004; ***)

30 (5) 39 (6.1) 9 (0.006; ***)

Shoulder
extension

4.1 (0.42) 4.7 (0.38) 0.6 (0.032; **) 45 (4.6) 51 (3.8) 6 (0.164; ns) 37 (3.5) 43 (5) 6 (0.04; **)

Shoulder
abduction

3.5 (0.61) 4.6 (0.37) 1.1 (0.009; ***) 130 (18) 162 (12) 32 
(0.003; ***)

26 (3) 33 (4.8) 7 (0.033; ***)

Elbow
flexion

4.5 (0.38) 4.9 (0.21) 0.4 (0.106; ns) 158 (6) 164 (4.6) 6 (0.236; ns) 42 (3.2) 48 (2.5) 6 (0.046; *)

Elbow
extension

4 (0.44) 4.7 (0.37) 0.7 (0.008; ***) 165 (6.2) 170 (4.2) 5 (0.314; ns) 25 (2) 30.5 (3.3) 5.5 (0.047; *)

Hip
flexion

4.5 (0.36) 4.8 (0.26) 0.3 (0.12; ns) 85 (5.8) 94 (54) 9 (0.113; ns) 32 (3.8) 39 (4.1) 7 (0.027; **)

Hip
extension

3.6 (0.465) 4.5 (0.38) 0.9 (0.014; **) 11 (4) 19 (3.7) 8 (0.009; **) 35 (3.5) 43.5 (3.8) 8.5 (0.018; **)

Hip
abduction

3.5 (0.71) 4.7 (0.31) 1.2 (0.007; ***) 32 (5.6) 49 (3.9) 17 
(0.004; ***)

28 (3.2) 38 (4.2) 10 
(0.008; ***)

Knee
flexion

4.3 (0.41) 4.7 (0.365) 0.4 (0.11; ns) 98 (12) 106 (8) 8 (0.136; ns) 38 (4.4) 45 (4.7) 7 (0.039; *)

Knee
extension

4.5 (0.32) 4.8 (0.24) 0.3 (0.131; ns) 175 (8.2) 176 (7.8) 1 (0.435; ns) 46 (4.5) 55 (5.4) 9 (0.013; **)

MD: mean difference; ns: not significance; *: significance; SD: standard deviation.

Table V. Tinetti balance and gait, general endurance, and functional limitations comparison before (medical pre-protocol 
assessment; week 1 and after medical post-protocol assessment; week 9 the study protocol).

Week 1 Week 9 MD (P-value; 
significance)

Mean (SD) Mean (SD)
1 Tinetti balance and gait 

(max. score 28)
23.89 (1.90) 26.55 (0.73) 2.66 

(0.0001; ***)

2 General endurance (2-min 
walk test in sq. ft) 

437 (34.68) 489.33 (35) 52 (6.35; ns)

3 Rating of perceived exertion 
(RPE); O-no exertion, 
10-maximal exertion

0.444 (0.726) 0 (0) 0.444 (0.103; ns)

4 Functional limitations Week 1 Week 9

1 (W) Arthritis in hands and right hip, difficulty 
in lifting things, hearing aids

Felt better in arthritis (free movements), persistence 
of mild difficulty in lifting things

2 (W) Mild weakness on the right side of 
the body with hand tremor for the 
past 25 years

Overall activities improved, still having 
mild weakness
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High intensity ECC exercise induce DOMS, muscle pain 
and functional limitations that may not be possible and liked 
by older adults with chronic conditions. So, we designed 
a pilot study that involved low to moderate intensity ECC 
exercise protocol, suited well for this population group. 
Our exercise protocol included CY, TC and ECC exercis-
es that were comfortable to perform, required less energy 
and muscle strength, and shown to have many health bene-
fits. We observed trends of improvements in pain symp-
toms, functional limitations, muscle strength, balance, and 
gait functions in the post-protocol assessment (week 9) 

Week 1 Week 9 MD (P-value; 
significance)

Mean (SD) Mean (SD)
3 (W) Difficulty in performing fine hand 

functions, arthritic and mild stiff hands
Hand functions were improved

4 (M) Stiff shoulders, hearing aids Shoulder(s) movements were improved

5 (W) History of left hip replacement surgery 
and stiffness

Improved hip stiffness

6 (M) Osteoarthritic knees with pain, 
hearing aids

Knee pain has improved

7 (W) Knee pain Knee pain has improved

8 (W) Shoulder pain, hearing aids Shoulder pain has improved

9 (M) Stiff shoulders Improved stiff shoulders

MD: mean difference; ns: not significance; *: significance; SD: standard deviation; W: women; M: men.

Figure 7. The Consort flow diagram shows the effect of chair 
yoga (CY), tai chi (TC) and eccentric contraction (ECC) exer-
cise performance on the sedentary older adults.
M: Monday; Tu: Tuesday; W: Wednesday; Th: Thursday; F: Friday; 
Sa: Saturday.

compared to pre-protocol assessment (week 1). The most 
important outcome of the study was, CY, TC performance 
prior to ECC exercise improved muscle strength, balance, 
gait, AROM and ADL activities of participated all sedentary 
older adults. CY and TC performance minimized the ECC 
induced DOMS, and pain and preexisting chronic condi-
tion(s) pain especially preexisting joint pain and mobility 
(figure 7). The selected participants completed entire study 
period successfully. There were no dropouts from the partic-
ipants. All participants were enthusiastic, and co-operative 
throughout the study period. The exercise protocol showed 
health benefits to all women and men participated in this 
study and did not show significant differences between them.
Past studies have confirmed that ECC exercise training 
improves muscle strength, aerobic capacity, and functional 
physical fitness in older adults better than CON exercise train-
ing (10-13). ECC exercise induces more pain and DOMS than 
CON exercise (14, 43). Mild to moderate intensity ECC exer-
cises performance showed less DOMS and pain in sedentary 
older adults (16, 18). The eccentric exercise training of the knee 
extensors improved physical function and health parameters of 
older adults better than concentric training and suggested to 
focus on eccentric contractions in exercise medicine (44). ECC 
exercise can be combined with other therapies, which might be 
a feasible, cost-effective, and successful tool in the treatment of 
well-known pain conditions (45). The ECC endurance exer-
cise is a potential training modality that can be applied to older 
adults for improving muscle strength, aerobic capacity, and 
functional ability (19-21). The study participants felt moderate 
DOMS and pain on the shoulder abductors, elbow extensors, 
hip abductors, and hip extensors in the weeks 3 and 7. This 
due to weak and less used upper and lower extremity muscle 
groups than the flexors of the upper extremity and extensors 
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of the lower extremity. In the weeks 3 and 7, due to sole perfor-
mance of ECC exercise, participants experienced DOMS, 
pain, and functional limitations and there were no complemen-
tary therapeutic exercises like CY and TC. Research evidence 
supports that yoga and TC are valid complementary or alter-
native therapeutic exercises (25, 31). In the weeks 4 and 8, our 
participants performed mild to moderate ECC exercise and 
felt mild to moderate DOMS, pain, and functional limitations 
those were taken care by performing CY and TC. Our study 
results concur with previous studies outcome (14, 16, 18, 44). 
The magnitude of the preservation of ECC exercise strength 
in older adults ranged from 2% to 48% when compared to 
CON exercise strength. This ECC exercise strength might 
be clinically relevant, especially to initiate resistance training 
and rehabilitation programs in individuals with low levels of 
strength (37, 38, 48). In our study, the medical post-protocol 
MVIC (week 9) showed a higher muscle strength compared 
to medical pre-protocol MVIC (week 1). The overall percent-
age of increased MVIC value at the medical post-protocol was 
between 13.04% and 26.31%.
Research show that yoga and TC are described as meditation 
in motion that promotes serenity through gentle, slow, and 
focused movements coupled with deep breathing (23). The 
review of literature showed sufficient evidence to support 
yoga and TC performances have tremendous health benefits 
like relief pain, improve flexibility and balance, and muscle 
strength (22-29). There are no yoga and TC intervention-re-
lated serious adverse events that have been reported (24). 
Approximately, eight to ten weeks of exercise protocol can 
reduce the pain in chronic clinical conditions (46, 47). CY 
and TC are appropriate for older adults who cannot partic-
ipate in traditional yoga or exercise and shown to be asso-
ciated with decreased pain and, improved physical func-
tion (28, 31-35). A traditional Srichiangmai dance like TC 
significantly improved balance and mobility among older 
adults and prevent age-related fall risk (49). In a study, yoga 
combined with back school program intervention lowered 
anxiety, kinesiophobia and disability, and improved the qual-
ity of life in people affected by non-specific chronic low back 
pain (50). 
This study results concurred with previous reports for 
promoting CY and TC in physical activity guidelines 
for sedentary older adults. In our study, CY and TC 
performance improved pain, balance, gait, flexibility, 
and functional activities. Although this pilot study was 
not designed to assess underlying mechanisms through 
which CY and TC ease pain, improve flexibility, muscle 
strength, balance and joint stability will need to be clari-
fied in future studies. 
We designed the study first time in the combination of 
CY, TC and ECC exercises (upper and lower extremity 

muscles) involving sedentary older adults. The outcome 
of the study showed benefits for all participants. Partici-
pants performed manual ECC exercises using adjustable 
ankle weights and dumbbells. There were a lot of physical 
works for the researchers while assisting ECC exercise for 
the selected nine participants. There is a need of perform-
ing the study with more participants (larger sample size). 
Within a short duration (9 weeks), participants received 
significant health benefits from the exercise protocol. We 
could not track and evaluate the long-term outcomes for 
the participants. At least, 6 to 12 months follow-up is 
necessary. 

Suggestions for further research study
Participants were advised to continue to perform tai chi 
and yoga along with regular exercises with care. The study 
involved 10 upper and lower extremity muscle groups in 
total. Structure and function of the muscle vary in each 
region and their responses to ECC exercise, yoga and TC 
might vary. So, future research can be focused on various 
muscles groups and their responses can be tracked at the 
muscle cell and molecular level that might be measurable 
parameters.

CONCLUSIONS
Our results show that ECC exercises improved muscle 
strength and induced DOMS and muscle pain. CY and TC 
performance improved the balance, gait, AROM, muscle 
strength, flexibility, and functional limitations of the partic-
ipants by minimizing the ECC induced DOMS, and muscle 
pain and preexisting chronic condition(s) pain. This pilot 
study also demonstrated the feasibility and acceptability of 
conducting CY, and TC prior to ECC exercise improved 
muscle strength, balance, gait, AROM and ADL activities 
in the sedentary older adults with chronic conditions. This 
can potentially prevent age-related mobility and balance 
decline as well as its related fall risk. The data collected and 
the challenges encountered will be useful for a future larger 
clinical trial in the older adult population. Our findings have 
important implications for clinical exercise prescription as 
low perceived training intensity (CY and TC), and exercise 
type (ECC) are well suited to the needs of older adults with 
chronic conditions.
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SUMMARY
Purpose. Stenosing tenosynovitis of the flexor tendons which readily causes the alleged 
“trigger finger” is a common and yet not completely understood phenomenon. The A1 
Pulley is the pivot point at which the force protracted by the flexors of the digits acts 
upon the fulcrum at the leading edge of the pulley. We performed a histopathological 
study aimed at assessing the A1 Pulley of digits 2 through 5 in cadaver hands in an 
effort to delineate the changes the A1 pulley undergoes through the cycle of life and 
its repetitive motion tasks.
Methods. Thirty-Nine A1 Pulley specimens were included in the study. These speci-
mens were assessed as to physical width utilizing a caliper and as to histological char-
acteristics following embedment and pertinent staining. 
Results. Our findings suggest the proximal leading edge of the A1 Pulley to be signifi-
cantly (p < 0.05) thicker than the more distal aspect of the A1 pulley when pulley data 
were stratified for handedness and gender. We found insignificant differences within 
each digit as to differences between the radial and ulnar aspects of the denoted numer-
ated digit.
Conclusions. We believe our study sheds further light on the mechanism leading to 
digital triggering and that further studies may substantiate our preliminary findings as 
to the differences in radial versus ulnar aspects of each designated digital A1 pulley. 
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INTRODUCTION
Stenosing tenosynovitis of the adult is a well documented 
pathology of the flexor tendons1. This condition leads to an 
inability to extend the flexed digit (“triggering”), which is 
usually seen in individuals older than 45 years of age (1).
When associated with a collagen disease, several fingers may 
be involved (most often the long and ring fingers). Patients 
may note a lump or knot in the palm. The lump may be the 
thickened area in the first annular part of the flexor sheath 
or a nodule or fusiform swelling of the flexor tendon just 
distal to it. The nodule can be palpated by the examiner’s 
fingertip and moves with the tendon. Usually, the tendon 

nodule is just proximal to the A1 Pulley at the metacarpo-
phalangeal joint level (2, 3). 
The normal A1 pulley is composed of 3 layers (2): layer I, 
an inner, avascular, concave unicellular or bicellular gliding 
layer containing cartilage-like cells; layer II, a middle layer, 
also avascular, characterized by spindle-shaped fibroblasts; 
and layer III, an outer, richly vascularized layer, continu-
ous with the membranous tendinous sheath. A classification 
describing the severity of histologic abnormalities observed 
in trigger digit A1 pulleys is described in the literature (3). 
Mild abnormalities (grade 1) were those with a fibrocartilag-
inous gliding surface almost intact. The margin between the 
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fibrocartilaginous and membranous portions of the pulley 
was well delineated. In moderate abnormalities (grade 2), 
the avascular fibrocartilaginous gliding surface appeared 
fissured and thinner. The inner layer (I) was interrupted and 
replaced by fibrous tissue, with fissures that did not cross 
through the middle layer (II). A mild vascular network 
hyperplasia was observed in the outer layer (III), which 
began to invade the fibrocartilage. In severe abnormalities 
(grade 3), the fibrocartilaginous gliding surface was thin, 
discontinuous, or even completely destroyed. The vascu-
lar network hyperplasia became excessive and reached the 
synovial space of the flexor tendon sheath. The histologic 
features were documented by light, transmission and scan-
ning microscope (3) and were correlated with the severity of 
the clinical symptoms. 
The anatomic course of the 2nd to 5th digit flexor tendon is 
different for each of these digits. When one relates the flex-
or origin to the placement of the A1 Pulley of each finger the 
forces acting on the brink of the pulleys are not symmetrical. 
Hence, the ulnar pull on the leading proximal edge of the 
index finger A1 Pulley is most probably greater than that 
on the radial side of the leading edge of the pulley due to 
the angle at which the pulling flexor approaches the index 
finger. In contrast, at the leading edge of the A1 pulley of 
the 5th digit it may be assumed that greater forces act on 
the radial side of the pulley rather than on the ulnar side - a 
force further enhanced by ulnar deviation of the wrist.
Thus, since the human hand has a multitude of functions, 
force created by a strong grasp is exerted by the flexor 
tendons when performing a powerful grip. This concept 
may allow understanding of the processes causing eventual 
triggering by the mechanism of force transfer to the leading 
edge of the A1 pulley. In this instance, it may be postulated 
that these forces are not necessarily equally dispersed along 
the leading edge of the A1 pulley.
Our study was aimed at assessing the anatomical course of 
the flexor tendons from their origin to the A1 pulley specifi-
cally and more so to the leading edge of the pulleys. Within 
this study and following the anatomical assessment of the 
angles at which the flexor tendons approach their respec-
tive A1 Pulleys we aimed at assessing whether the leading 
edge of the A1 Pulley of each digit undergoes changes in the 
radio-ulnar dimensions compensating for excessive trans-
mission of force in a radio-ulnar pattern as well as discern-
ing whether a significant difference is found between the 
leading and more distal aligning parts of the A1 Pulley.

MATERIALS AND METHODS
This study was approved by the Kaplan Medical Center 
Ethics Committee.

Dissection of fourteen cadaver-forearms was performed at 
the Cadaver Lab of the Technion Medical School in Haifa, 
Israel. The cadavers were of elderly persons (all specimens 
were harvested from cadavers over the age of 70), embalmed 
in formaldehyde. Meticulous dissection of the forearm and 
hand was performed in each of the upper extremities. 
Of 56 available specimens, 39 were found to be of accept-
able quality and hence included in the study. The exclud-
ed samples were either dry, damaged, did not contain both 
pulley bony insertions, or anatomic borders of the pulley 
could not be discerned due to the formaldehyde prepara-
tion. A digital caliper (Mitutoyo Inc., Kanagawa, Japan) 
was used to measure each of the 6 zones of the A1 pulley 
(figure 1) to estimate whether there are differences in tissue 
thickness. Three measurements were conducted to each of 
the 6 zones and an average of these measures was used as a 
final value. Histological examination of the proximal and 
distal cross-sections of 14 pulleys was performed in order 
to compare thickness and histological differences from each 
aspect (Radial/Ulnar, proximal/distal) of the A1 pulley. Two 
pulley samples were obtained for comparative measurement 
of thickness using a light microscope. Similar values were 
measured with the light microscope as compared to the cali-
per measurements in these samples.

Figure 1. Schematic depiction of the flexor tendons entering 
the A1 pulley. 
Division to zones of the pulley: I proximal-radial; II proximal-central; III 
proximal ulnar; IV distal-ulnar; V distal-central; VI distal-radial.
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RESULTS
Thirty-Nine A1 Pulley specimens were included in the 
study, and each was divided into six zones (figure 1). Of 
the six zones of every pulley, the central distal zone was the 
thinnest in 82% (32/39) of the A1 pullies. The average A1 
pulley annular width of the 2nd to 5th digits (with standard 
deviation) was 293 ± 142 µm, 311 ± 149 µm, 300 ± 151 µm, 
216 ± 95 µm, respectively. 
We found that the stratified values of the three proximal 
zones of each pulley showed a significant (p = 0.0129) 
difference when compared to the three distal zones in each 
individual pulley. Statistical analysis using the ANOVA test 
was performed. When all values were pooled together the 
P-value was calculated to be p = 0.0549. When calculated
differences were compared within each pulley (stratified
data) the P-value obtained was p = 0.0129, and a significant
difference was found between the proximal leading edge
and distal aligning edge of the pulley.
A consistent thickness difference between the proximal
radial and ulnar sides of the pulley as compared to the
distal-central part with a value of 25 ± 14%, was found as
well. We did not find a consistent enlargement of either the
radial or ulnar side.
Histological cross sections of proximal and distal portions of
the A1 pulley demonstrated consistent characteristics. Asym-
metrical radial or ulnar thickening was observed in all pulley
specimens, it is mostly represented by widening of the middle
layer of avascular, spindle-shaped fibroblasts, and in addi-
tion, the thickest zone of the pulley had the most developed
inner, avascular, concave unicellular or bicellular gliding layer
containing cartilage-like cells as can be seen in figures 2 and 3.

DISCUSSION
Stenosing tenosynovitis of the flexor tendons which readily 
causes the alleged “trigger finger” is a common and yet not 
completely understood phenomenon (1-3). The A1 Pulley is 
the pivot point at which the force protracted by the flexors 
of the digits acts upon the fulcrum at the leading edge of the 
pulley. Our findings show that the proximal leading edge of 
the A1 Pulley is significantly (p = 0.0129) thicker than that of 
the distal aligning part of the A1 pulley of flexors of the 2nd 
to 5th digits. We believe this finding corroborates our initial 
conception that flexor forces acting on the A1 Pulley lead-
ing edge may explain histological changes within the pulley 
itself (figures 2, 3) as well as possible subtle changes in tendon 
histology which were not subject to assessment within the 
scope of this study.
This study was performed on cadavers of elderly people 
(all cadavers were above seventy years of age) and hence 
we believe this affected our findings. In elderly persons, the 
anatomical structures have undergone changes due to the 
natural process of aging. Changes that are otherwise not 
apparent in younger less challenged individuals, or those in 
which the youth of their tissue make them resilient to the 
forces acting upon them may not be noticed. The age of the 
subjects from which these samples were taken from may 
be both a drawback and advantage for this study. It could 
be stipulated that in an elderly patient, changes may be 
evident at the leading edge of the pulley as a mere age-re-
lated finding, or one may conjure that changes which are 
evident in this age group may be present in a subtler repre-
sentation in the younger age group. We believe the latter 
to be true and hence view our use of elderly specimens as a 

Figure 2. x20 magnification of 3rd digit proximal-ulnar zone 
of A1 pulley. The ulnar side is thicker and inner cartilage-like 
cells layer is well developed.
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Figure 3. x100 magnification of 4th digit distal-radial zone of 
A1 pulley. The cartilage-like cell layer can be seen (arrow).
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key to the findings of this study. Although ultrasound failed 
to show such changes in the A1 Pulley of normal digits (2), 
non-contracted trigger digits did show flexor tendon thick-
ening just proximal to the A1 pulley leading edge, strength-
ening our claim that this specific area may be the culprit of 
the triggering. Contracted digits did show the tendons to 
have areas rendered as “Notta nodes” but since this finding 
was noted as significant only in the contracted digit setting, 
we believe it to be a local tissue reaction within the flex-
or tendons and their sheath to the force exerted in vivo 
and continuously at a designated area of the involved flex-
or tendons.
The finding within our study defining the leading edge 
of the A1 pulley as the possible perpetrator of triggering 
may be combined with those of other studies (2) in trying 
to delineate the optimal site for both steroid injections and 
possibly percutaneous trigger finger release. It remains to 
be discerned whether in non-contracted, minor degree 
triggering partial accurate percutaneous pulley resection 
may suffice (i.e., releasing only the leading edge of the A1 
Pulley). Tung et al. (3) failed to show a correlation between 
the compliance of the A1 Pulley when measured by passing 
a metal rod through the pulley to the relative frequency of 
triggering in each individual digit. In conjunction with our 
findings, we believe this failure may be attributed to the fact 
that the leading edge of each pulley was not assessed but 
rather the pulley in its entirety. 
Our macroscopic findings were corroborated with the 
microscopic findings of a thicker layer of connective tissue 
at the leading edge of the pulley (figure 2). Our findings 
could be further corroborated by implementing a Transmis-
sion Electron Microscopy study implemented to assess the 
differences in tissue characteristics in defined areas of the 
A1 Pulleys. Sbernadori et al. (4) found that while in normal 
pulleys “the whole deep surface was covered uniformly by 
an amorphous extracellular matrix”, in samples taken from 
trigger digits “there was the same general surface appearance 
but, also, areas, varying in shape and dimension where loss 

of the extracellular matrix had exposed the collagen fibers 
and a few cells of the middle layer of the pulley. There were 
also changes typical of “chondroid-metaplasia”. A further 
study utilizing Transmission Electron Microscopy may be in 
place dividing the A1 Pulley surface into designated areas 
and quantifying the surface changes in each area. Hence, our 
study was limited by the quality of histologic assessment and 
by the use of embalmed cadavers. 
While most hand surgeons would advocate the time-hon-
ored practice of complete A1 Pulley release, this may not 
necessarily be called for. Hence, the search for an ultimate 
complete percutaneous release technique (5-8) may be 
redundant of any true clinical relevance. 

CONCLUSIONS
Our findings may offer a partial and incomplete explanation 
for the occurrence of trigger finger. Further studies imple-
menting advanced technology and possibly an in vivo model 
are in place so that our findings are further corroborated.
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SUMMARY
Background. The dual innervation of the brachialis muscle by musculocutaneous and 
radial nerves has been described and adopted, despite being traditionally known to 
have singular innervation as other flexors in the anterior compartment of the arm. 
However, the prevalence, course and patterns of distribution of its radial innervation 
varies in different population, and in the Ghanaian population, no information has 
been described. 
Methods. Thirty-eight (n = 38) cadaveric upper limbs (18 paired and 2 single), routine-
ly used by medical students at the Department of Anatomy and Cell Biology, Univer-
sity of Cape Coast, Ghana, were dissected. The brachialis muscle was exposed in its 
entire length, and the radial nerve exposed in its course from the spiral groove to the 
elbow, noting the presence or absence of radial branches to the muscle, number of 
branches, nature and pattern of branching, level at which the branching occurred, and 
the level at which branches pierced the muscle. 
Results. All specimens were innervated by the musculocutaneous nerve, 76.3% had 
dual innervation. The radial nerve originated and pierced the muscle at varying levels. 
Sixty nine percent had solitary radial nerve fibre, and 31.0% had multiple branching 
patterns. None had more than 2 branches of the radial nerve. The prevalence of dual 
innervation of the brachialis muscle in the Ghanaian population appears to be high, 
and the pattern of branching and distribution of the radial nerve fibres differ from 
those reported in earlier studies. 
Conclusions. This knowledge is invaluable in choosing surgical approaches so as to 
minimize denervation of the brachialis muscle.
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BACKGROUND 
The brachialis muscle is located in the anterior compartment 
of the arm and is a flexor of the elbow joint. Muscles in the 
anterior compartment of the arm are typically innervated 
by the musculocutaneous nerve. Despite being traditionally 
known to have singular innervation as other flexors in the 
anterior compartment of the arm, the brachialis muscle is 
now being described to receive dual innervation by muscu-
locutaneous and radial nerves (1, 2). The first mention of the 
dual innervation of the brachialis muscle was about a centu-

ry ago (3). Over the decades that followed, there has been 
much debate on this issue. The consensus in recent times 
appears to lead in the direction that the brachialis muscle 
has dual innervation, with some standard anatomy text 
books now indicating that the brachialis muscle is innervat-
ed by both the musculocutaneous and the radial nerve. 
Various studies have however shown that the prevalence of 
radial nerve innervation varies from population to popula-
tion, with ranges from 30-100% (4). With this wide range, it 
is important that particular populations have adequate data 
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on the prevalence and nature of the radial nerve branch-
ing patterns. The knowledge of the course and the pattern 
of distribution of the radial nerve branches, with regards 
to brachialis muscle, is of clinical importance as it informs 
surgeons on the best surgical approaches to minimize injury 
to these nerve fibres. There is, however, no information of 
the frequency of radial nerve innervation of the brachialis, 
nor its branching pattern within the Ghanaian population. 
This study therefore seeks to address this gap in knowledge.  

MATERIALS AND METHODS
This study was conducted in the Department of Anatomy and 
Cell Biology, University of Cape Coast, using 38 cadaveric 
upper limbs (18 paired and 2 single), that are routinely used by 
medical students during their dissection session. These cadav-
ers were donated by the state to the Department and their use 
for medical training and research is covered by the Anatomy 
Act of Ghana 1965. The study protocol also conformed to the 
ethical guidelines of the outlined Declaration of Helsinki of 
1975 and its subsequent editions.  
Cadavers that were found to have upper limb deformities or 
trauma were excluded from the study. 
Skin, subcutaneous fat, and superficial fascia of the upper 
limb were dissected; the full length of the brachialis muscle 
was exposed and measured, and their lengths divided into 

three equal parts. These parts of the muscles were subsequent-
ly referred to as proximal, middle, and distal levels (figure 1). 
The radial nerve was identified between the brachialis and 
the brachioradialis muscle. The nerve was then carefully 
dissected to expose its course from the spiral groove on the 
humerus, to the elbow region. The following were noted 
and documented: the presence or absence of radial branch-
es to the brachialis muscle, the number of branches present, 
the nature and pattern of branching, the level at which the 
branching occurred, as well as the level at which branches 
pierces the muscle. The origin of the nerve branches and 
their subsequent sites of entry were documented, in rela-
tions to the levels of the muscle as previously described.  
The musculocutaneous nerve was also identified as it 
descends through the interval between biceps brachii and 
brachialis muscle, with the presence or absence of branches 
to the brachialis muscle noted. 

RESULTS
The musculocutaneous nerve was found to innervate the 
brachialis muscle in all specimen (100%), while the prev-
alence of radial nerve innervation of the brachialis muscle 
was found to be 76.3% (29 specimen). Of the 38 dissect-
ed specimen, 18 pairs (n = 36) were from the same cadav-
er, with radial innervation bilaterally present in 10 pairs 
(55.6%) and bilaterally absent in 1 pair (5.6%) (table I).
The branches of the radial nerve were found to originate 
and pierce the brachialis muscle at various levels. Elev-
en (28.9%) radial nerve branches pierced the muscle at its 
middle aspect while 24 (63.2%) of nerve fibres entered at the 
distal level (table II). In 69.0% (20 specimen) of specimen, 
a solitary radial nerve fibre was observed, while in 31.0 % 
(9 specimen) 2 radial nerve branches were observed, and 
branches of more than 2 were not observed in any spec-
imen. There were 4 specimen that had their radial nerve 
branches originate at different levels.
In our study, 12 (31.6%) radial nerve branches were 
observed penetrating the brachialis muscle by coursing 
straight, 16 (42.1%) of the branches descended before 

Figure 1. A photograph of the left upper limb showing two 
nerve branches (thin black arrows) arising from the radial nerve 
(R) entering the brachialis muscle (B) in the proximal and middle 
levels. Also shown is the brachioradialis muscle (Br) with a radi-
al nerve branch also entering into it (thick black arrow).

Table I. The laterality of radial nerve innervation of the brachialis muscle.

Bilaterally present Unilateral (right) Unilateral (left) Bilaterally absent 
10 (55.6%) 3 (16.6%) 4 (22.2%) 1 (5.6%)

Table II. The levels of origin of the radial nerve branches and their entry into the brachialis muscle.

Proximal level Middle level Distal level
Level of origin 4 (10.5%) 12 (31.6%) 22 (57.9%)

Level of entry 3 (7.9%) 11 (28.9%) 24 (63.2%)
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piercing the muscle obliquely, while 10 (26.3%) of the radi-
al nerve branches ascended (recur).

DISCUSSION
In this study, the musculocutaneous nerve was found to 
innervate the brachialis muscle in all cases and therefore 
corroborates what is widely documented in literature. The 
radial nerve was also found to innervate the brachialis 
muscle in 76.3% of cases. This finding is comparable to the 
observation of previous studies. The high incidence of dual 
innervation in this study, gives credence to the assertion by 
Bendersky and Bianchi (3) that although the frequency of 
dual innervation varies from population to population, the 
reported frequencies are generally high, which appears to 
be the case in the Ghanaian populace.  
It was noted that the branches of the radial nerve arose at 
different levels with regards to the length of the brachia-
lis muscle: 10.5% of the branches occurred at the proximal 
level, 31.6% were observed at the middle level while 57.9% of 
branches were located at the distal level. It therefore appears 
that the radial nerve branches which innervate the brachialis 
muscle, usually originates from the nerve in the distal part of 
its course in the arm. This observation concurs with the find-
ings of Blackburn et al. (5) who found that the radial nerve 
branches to the brachialis muscle originate from two distinct 
level, a proximal and distal levels, with the distal being the 
more common of the two (3). 
In 69.0% (n = 20) of cases, a solitary radial nerve branch was 
observed, while 2 nerve branches were observed in 31.0 % (n 
= 9) of cases. This finding contrasts those of Awori and Inyimi-
li (6) and Mahakkanukrauh and Somsarp (7) who identified 
only one radial nerve branch in 100% of their specimen. Radi-
al nerve branches of more than 2, were not seen in our study, 
contrary to the findings of other researchers who had observed 
up to 3 branches in a small percentage of their specimen (4, 
8). Of the 9 cases that had 2 radial nerve branches, 4 (13.8%) 
had their branches occurring at 2 different levels, with each 
having one of its branches always given off at the distal level. 
This finding suggests that although the radial nerve courses 
along almost the entire length of the brachialis muscle, it rare-
ly and infrequently gives off multiple branches into the muscle 
as would have been expected. Even in cases where there are 
multiple branches, they rarely exceed 2 branches. 
In our study, the radial nerve branches were observed to 
enter/pierce the brachialis muscle at the proximal level in 
7.9% of the cases, 28.9% at the middle level, and 63.2% at 
the distal level. These finding are similar to those of Gaur 
et al. (8). They observed that 12.5% of the nerve branches 
pierced the proximal part of the muscle, 28.1% entered the 
middle part, while 59.4% were located in the distal aspect 

of the muscle. There are other studies that have however 
found the site of entry to be limited to the middle and distal 
portions of the muscle (3, 4, 9). In all these studies, includ-
ing ours, the distal part of the muscle was the commonest 
site of entry for the radial nerve branches.
When comparing the levels at which nerve branches originated 
from the radial nerve, with the levels at which they penetrated 
the muscle, it was observed that with the exception of 3 branch-
es, all the nerves arose and entered the muscle at the same level. 
In all 3 cases, the branching occurred near the junction of the 
middle and distal levels. Our findings are similar to those by 
Bendersky and Bianchi (3), who noted that radial nerve branch-
es enter the muscle not too far from the level they arose. 
The branches of the radial nerve that innervated the brachi-
alis muscle, course differently before entering the muscle. In 
31.6 % of cases, nerve branches were found to course straight 
into the muscle, in 42.1% of cases they descended and entered 
the muscles in an oblique manner, while in 26.3% of the speci-
men the nerve branches were found to recur or ascend. Similar 
description has been observed in other studies (5, 7, 9). Contrary 
to the findings of our study, Blackburn et al. (5) and Prakash 
et al. (9) reported that the majority of radial nerve branches 
went straight into the brachialis muscle. Mahakkanukrauh and 
Somsarp (7), were the first to describe recurrent branches of 
the radial nerve into brachialis muscle. They postulated that this 
course may be due to differential growth of the lateral intermus-
cular septum, such that the radial nerve was pulled distally and 
a branch arising from it to supply the brachialis had to recur. 
Although the branches of the radial nerve were found to ascend 
and descend as already noted, these branches appeared not to 
travel far from their points of origin to enter the muscle. 
In our study, the number of branches of radial nerve, level of 
branching, entry into the muscle, and the course of the radi-
al nerve were not symmetrical in both limbs, with the excep-
tion of 2 pairs. Of the 2 pairs, 1 pair of limbs was found to 
have a single descending radial nerve branch which origi-
nated and entered the brachialis muscle at the distal level. 
The other pair was found to have 2 radial nerve branches, 
with one recurring and the other descending. Both branches 
originated and pierced the muscle at the distal level. 
In view of the high incidence of radial nerve innervation of 
the brachialis muscle and the varying nature of its course and 
pattern of distribution, some authors have proposed a surgi-
cal approach to the humerus that entails splitting the brachi-
alis in the midline, on basis that, the midline of the muscle 
represents an internervous plane, with the musculocutaneous 
nerve innervating the medial portion of the muscle and the 
radial nerve innervating the lateral portion (3, 4, 7). However, 
in cases where the brachialis muscle is innervated solely by the 
musculocutaneous nerve, this approach puts the lateral half 
of the muscle at risk of denervation (4, 7). Other authors have 
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recommended that the distal humerus can be approached 
surgically by splitting the plane between the brachioradialis 
and brachialis muscle where the radial nerve is known to lie 
(10), being mindful of to identify the branches to the brachia-
lis muscle to preserve them (4, 11). Even though there is much 
mention of preserving the radial nerve during surgical manip-
ulation, there appears to be scant information in the literature 
on possible clinical sequelae following this denervation (3). 
In the study by Bendersky and Bianchi (3) that utilized both 
anatomical dissection and neurophysiological methods (upper 
limb electromyography and nerve conduction velocity), they 
found a great disparity in the prevalence of radial nerve inner-
vation of the brachialis muscle depending on the method being 
used. Using the neurophysiological approach, they obtained a 
prevalence of 90% and while a prevalence of 65 % was record-
ed in the anatomical method. They postulated that the wide 
variation in frequencies may due to the presence of minute 
radial nerve branches that cannot be detected with dissection.  
From the findings of our study, 1 in every 4 Ghanaian may be 
at risk of radial nerve denervation of the brachialis muscle if 
the anterior approach is used. Splitting of the plane between 
the brachialis and brachioradialis muscle may probably be 
the more appropriate surgical approach to the distal humer-
us in the Ghanaian population, although it may be more 
time consuming as it requires surgeons to meticulous seek 
and perverse the radial nerve branches.
The authors recognize some limitations to our study, such 
as the inability to perform gender-based analysis due to a 
small number of female cadavers. Also, intra-observer and 
inter-observer reliability were also not carried, these could 
have increased the validity of our study. 

CONCLUSIONS
The prevalence of dual innervation of the brachialis muscle in 
the Ghanaian population appears to be high and the pattern of 
branching and distribution of the nerve fibres has been found to 
differ from those reported in earlier studies (table III). Conse-
quently, knowledge by surgeons with regards to this branch-
ing pattern cannot be overemphasized as it will be invaluable 
in choosing surgical approaches in mid-shaft or distal humeral 
procedures. Although, the effect of musculocutaneous dener-
vation of the brachialis has been described, there is paucity of 
literature on the magnitude of effect when its radial innerva-
tion is compromised, necessitating further observation and 
study. This knowledge will aid surgeons minimize denerva-
tion of the brachialis muscle, a prime flexor of the elbow joint, 
whose denervation and subsequent weakening can significant-
ly impact and limit the performance of everyday activities.
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Table III. Comparison of data from previous studies with present study.

Prevalence Site of entry Number of branches Pattern of distribution
Present study 76.3% Proximal, Middle and

Distal
Multiple branches (up to 
2 branches)

Straight,
Descending and 
Ascending (recurrent)

Mahakkanukrauh and 
Somsarp (6)

81.6% Middle and
Distal

Solitary branch Straight,
Descending and 
Ascending (recurrent)

Prakash et al. (8) 72.0% Middle and Distal --- Straight and 
Zig Zag pattern

Bendersky and 
Bianchi (1)

65.0 % Middle and Distal Multiple branches ---

Ilayperuma et al. (2) 83.33% Middle and Distal Multiple 
branches (up to 3)

Straight and 
Descending 

Gaur et al. (7) 87.09% Proximal, Middle 
and Distal

Multiple 
branches (up to 3) ---
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SUMMARY
Background. The variability in the prevalence of Palmaris longus (PL) agenesis has 
been well-documented in various ethnic groups and populations. Lamentably, there is 
no previous study in the literature has reported the prevalence of PL agenesis in the 
Indian American population.  This study aimed to determine the prevalence of PL 
agenesis and its association with gender, body side and hand dominance in the Indian 
American population.
Methods.  In this cross-sectional study, a total of 600 subjects (300 males and 300 
females) belonging to 18-45 years were accessed for the presence or absence of PL 
tendon, using a series of clinical tests. The association between the prevalence of PL 
agenesis and gender, limb laterality and hand dominance were determined by the 
Chi-square test. Overall agenesis of PL reached 15.33%, and unilateral agenesis (8%) 
was more common than bilateral absence (7.33%). 
Results. The PL agenesis was found lesser (p = 0.037) in females (14.33%) than the 
males (16.33%). The PL agenesis was significantly more often on the left side than the 
right (p = 0.02). In right-hand dominant subjects, the left-sided agenesis was signifi-
cantly more common (p = 0.014) and in left-hand dominant subjects, the right-sided 
agenesis was greater (p > 0.05).
Conclusions. Palmaris longus tendon agenesis in Indian American subjects was more 
analogous to the standard textbooks of hand surgery, but much higher than the other 
Asian and African populations.  This comparison confirms that the prevalence of 
PL is race-dependent. The present study data may be valuable for tissue banks for 
harvesting the PL tendon allografts from Indian Americans which could be useful for 
surgeons during various reconstructive and tendon grafting surgery in Indian Ameri-
can patients.
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INTRODUCTION
Palmaris longus muscle is an important anatomical landmark 
of the superficial flexor compartment of the forearm, which 
is regularly used in clinical practice and surgical proce-
dures. It originates as a short fusiform belly from the medi-
al epicondyle of the humerus with supplementary inputs 

from intermuscular septa and antebrachial fascia. In the 
mid-forearm, it toggles into a long slender tendon between 
the flexor carpi radialis and flexor carpi ulnaris and passes 
superficially over the median nerve and distally PL contin-
ues as a palmar aponeurosis (1). Comparative anatomical 
analysis reveals the phylogenetic regression of PL in other 
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primate’s relatives such as chimpanzees, gorillas and humans 
due to non-adaptive evolution (2). Subjected to functional 
evolutionary influence the muscle often displays anatomi-
cal variations in humans; the most common is unilateral or 
bilateral agenesis. When present, PL can be digastric, bifid, 
duplicated or have anomalous insertion (3). Palmaris longus 
variations may manifest clinically with a forearm compart-
ment syndrome or symptoms of compression of the median 
nerve in the carpal tunnel or entrapment of the ulnar nerve 
in the Guyon’s tunnel (4, 5). Most surgeons use PL as an 
ideal donor tendon in orthopedic and reconstructive surgery 
as it fulfills the requirements of length, thickness and avail-
ability. Additionally, since it is superficial in position it is easi-
ly harvested without any disservice to hand movements (6).
Various studies were done on different populations have 
established that there is a wide variation in the prevalence 
of PL agenesis within the ethnic groups (7-30), but there 
are no data in the literature to date regarding the preva-
lence of PL agenesis in Indian American populations. The 
Asian Indians are the second-fastest growing ethnic groups 
in the United States (US). The present study data may be 
valuable for tissue banks for harvesting the PL tendon as 
allografts from Indian Americans which could be useful 
for surgeons during various reconstructive and tendon 
grafting surgery in American patients. This study aimed 
to establish the prevalence of PL agenesis in the Indian 
American population and secondarily to evaluate its asso-
ciation with gender, side of the limb and hand dominance.

MATERIALS AND METHODS

Study design
A cross-sectional study was conducted to investigate the 
prevalence of PL agenesis in the Indian American popula-
tion and secondarily to evaluate its association with gender, 
side of the limb and hand dominance using a series of clin-
ical tests.

Subjects
A total of 600 Indian American medical students (300 males 
and 300 females) aged between 17 and 45 years were exam-
ined for the presence or absence of PL tendon, using the 
conventional tests. The present study was approved by the 
Ethics Committee of the American University of Antigua, 
College of Medicine, Antigua (Ethics Committee approval 
number: ECAUA/05/2016). The authors of this study have 
followed the international ethical principles as well as the 
ethical standards of Helsinki.

Demographic data was obtained informational sheet, includ-
ing age, sex, race, and place of birth, and parental heritage. 
Subjects who had a history of injury, surgery and any physi-
cal disabilities of upper limbs were excluded from the study.

Clinical test procedures
The examination process was explained thoroughly and 
informed consent was obtained from the subjects. First, the 
subjects were asked to perform the standard test (Schaef-
fer’s test) on both hands which involved opposition of the 
thumb to the little finger and then flexing the wrist (figure 
1 A). The presence of the palmaris tendon was visible as 
prominence on the volar aspect of the distal forearm were 
palpated. If the tendon was not visible or palpable, then the 
following four additional tests were carried out to confirm 
the absence. Thompson’s test: the subject was asked to 
make a fist, then flex the wrist and finally the thumb was 
opposed and flexed over the fingers (figure 1 B). Mishra’s 
test I: the metacarpophalangeal joints of all fingers were 
passively hyperextended by the examiner and the subject 
was asked to actively flex the wrist (figure 1 C). Mishra’s 
test II: the subject was asked to abduct the thumb against 
resistance with the wrist in slight palmar flexion (figure 1 
D). Pushpakumar’s “two-finger sign” test: the subject was 

Figure 1. Clinical test’s demonstrating the presence of 
Palmaris longus tendon. 
(A) Standard test (Schaeffer’s test); (B) Thompson’s test; (C) Mishra’s test 
I; (D) Mishra’s test II; (E) Pushpakumar’s “two-finger sign” test.

Figure 2. Clinical test’s demonstrating the bilateral absence 
of Palmaris longus tendon. 
(A) Standard test (Schaeffer’s test); (B) Thompson’s test; (C) Mishra’s test 
I; (D) Mishra’s test II; (E) Pushpakumar’s “two-finger sign” test.
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asked to fully extend the index and middle finger; the wrist 
and other fingers were flexed and finally the thumb was 
fully opposed and flexed (figure 1 E). Every clinical exam-
ination was done thrice by the same observer for conformi-
ty. Finally, the absence of the PL tendon was recorded on 
both sides of the forearm (figure 2). 

Statistical analysis
The data were analyzed using SPSS software (version 
11.5) and were presented in percentage values. The prev-
alence of PL tendon agenesis and its association with 
gender, limb laterality and hand dominance were analyzed 
by the Chi-square test, with values of p < 0.05 considered 
significant. 

RESULTS
The overall prevalence of PL agenesis (unilateral and bilat-
eral) was found in 92 (15.33%) out of 600 subjects (figure 
3), agenesis of PL was greater in males [49 (16.33%)] than 
the females [43 (14.33%)], with no significant differences 
(p = 0.49) (figure 4). It was absent bilaterally in 44 (7.33%) 
subjects [16 (5.33%) males and 28 (9.33%) females] 
and unilateral absence was found in 48 (8%) subjects 
[33 (11%) males and 15 (5%) females] with statistically 
significant difference (p = 0.002) (figure 3). The unilater-
al absence of PL was significantly (p = 0.002) greater in 
male [33(11%)] than the female [15(5%)]. The bilateral 
absence of PLM was greater in females [28(9.33%)] than 
the male [16(5.33%)], with no significant difference (p = 
0.09) (figure 4).

Unilateral absence of the palmaris longus muscle was 
significantly higher (p = 0.04) in the left hand [31 (5.17%) 
subjects] than in the right hand [17 (2.83%) subjects] 
(figure 3). The PL absence in the left hand was significant-
ly (p = 0.02) greater in males [22 (7.33%)] than the female 
subjects [9 (3%)] and in the right hand also the PL absence 
was greater in male’s [11 (3.67%)] than the female subjects 
[6 (2%)]. However, no significant sex differences (p = 0.22) 
were observed (figure 4).
We observed that 573 (95.5%) subjects had right-hand 
dominance while 27 (4.5%) persons had left-hand domi-
nance (table I). The subjects with left-hand dominance had 
higher agenesis of PL (16.7%) when compared with the 
right-hand dominant (11.1%). However, the result shows 
no significant difference. In both right and left-hand domi-
nant subjects, the agenesis of PL was more common in the 
non-dominant hand. In right-hand dominant subjects, PL 
was absent on the left side 30 (5.24%) was significantly (p = 
0.014) greater than on the right side 14 (2.44%), whereas in 
left-hand dominant subjects PL absence was greater in the 
right side in 3 (11.1%) than the left side in 1 (3.7%) subject, 
but the difference was not statistically insignificant (p < 
0.05).  Therefore, the right-sided absence was significantly 
more common (p < 0.001) in left-hand dominant subjects 
than in right-hand dominant subjects. Left-sided absence 
was more common in right-hand dominant subjects than in 
left-hand dominant and the difference was not significant (p 
< 0.05) (table II).

DISCUSSION
The total rate of PL agenesis (15.33%) in Indian Ameri-
cans was very much similar to the values (15%) in stan-

Figure 3. The column bar graph shows the overall distribution 
of Palmaris longus tendon agenesis. 
χ2: Chi squared; P-value; *significantly different.

Figure 4. The column bar graph shows the sex distribution of 
Palmaris longus tendon agenesis. 
χ2: Chi squared; P-value; *significantly different.  
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dard textbooks of hand surgery (2) and the Ethiopian 
population (7). In contrast, this value was comparable to 
the highest absence rate in Middle Eastern populations 
(8-12) and followed by Caucasians (6, 13), whereas the 
lowest absence rate was in black (14-18) and Chinese 
Asian populations (19). When compared to studies done 
on Indian populations, the PL absence rate was lower 
than the South Indian (32%) and Indian populations (20, 
21), but higher compared to Indian Malaysian (9.3%) 
(22), which reaffirms the marked variation in different 
ethnic groups (table III). Our results indicate that this 
tendon is still commonly available, with regard to the 
Indian Americans.

Apart from ethnic variations in the PL agenesis, it is been 
often debated in the literature regarding the association of 
gender, laterality and side with the PL agenesis. The over-
all prevalence of PL agenesis in the Indian Americans was 
significantly greater in males (16.33%) than the females 
(14.33%). In consistent to our study, different studies 
reported a higher absence rate in males, but no sex differ-
ence was observed (6, 13, 16, 17, 19, 21). In contrast, major-
ity of studies reported that agenesis was significantly more 
common in females (7-12, 14, 15, 18, 22-27).
In favorable of our study, most of the clinical studies done 
on black (7, 14, 16-18), Asian (19-25) and Caucasian popu-
lations (13, 26, 27) reported that the unilateral agenesis of 

Table I. Association between overall PL agenesis and hand dominance.

PL                   Hand dominance Chi -square P-value
Right Left

Agenesis 86 (15%) 6 (22.22%) 1.0335 0.3093

Present 487 (85%) 21 (77.78%)

Overall 573 (95.5%) 27 (4.5%)

PL: Palmaris longus; *significant different.

Table II. Association between laterality of PL agenesis and hand dominance.

PL agenesis Hand dominance Chi -square P-value 
Right (n = 573, 95.5%) Left (n = 27, 4.5%)

Right side 14 (2.44%) 3 (11.11%) 7.037 0.008*

Left side 30 (5.24%) 1 (3.7%) 0.1234 0.7253

Chi -square 6.05049 1.08

P-value 0.014* 0.2987    

PL: Palmaris longus; *significant different.

Table III. Comparison of the association of PL agenesis and hand dominance of the present study results with other studies 
using clinical tests. 

Authors N Year Population PL absence Total (%) 

Unilateral (%) Bilateral
 (%)

Overall 
(%)

M F M F M F

Thompson et al. (6) 300 2001 Caucasian 19.3 13.3 10 7.3 29.3 20.6 25

 Berhe et al. (7) 712 2014 Ethiopian 6.9 7.7 7.4 10.1 14.3 17.8 15.3

Sater et al. (8) 1043 2010 Bahrain 17.8 17.9 16.2 21.3 34 39.2 36.8

Jashni et al. (9) 732 2014 Iran 9.1 13.2 13.5 25.4 22.7 38.6 30.7

Raouf et al. (10) 386 2013 Egyptian 21.9 19.7 26.8 32.8 41 54.74 50.8

Ceyhan and Mavt (11) 7000 1997 Turkey 19.5 22.9 42.1 45.3 61.6 68.3 63.91

Kose et al. (12) 1350 2009 Turkey 9.03 13.62 11.7 18.37 20.74 32.44 26.59

Eric et al. (13) 800 2010 Serbia 18.5 22.25 18.5 13.3 39.5 35.5 37.5
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PL muscle as being more common than bilateral agenesis. 
In contrast, different studies done on Middle Eastern popu-
lations reported greater bilateral absence (8-12). In Indian 
American population, the males had significantly greater 
unilateral agenesis and the females had significantly great-
er bilateral agenesis, this is in agreement with Kapoor et al. 
study on the Indian Population. Sater et al. (8) in Bahrain, 
Karimi et al. (9) in the Iranian population found significant-
ly greater bilateral absence in females, however, unilateral 
absence showed no sex significance. Alternatively, Mkaba et 
al. (17) in the Nigerian population reported a significantly 
higher bilateral agenesis rate in males. 
Some authors have reported the incidence of agenesis to be 
significantly higher in female subjects and on the left side (8, 
9, 12, 13, 21). In total disagreement, our data have demon-
strated a higher overall prevalence of unilateral absence of 
the palmaris longus muscle in males on both right and left 
hand. However, the significant difference was observed only 
on the left side. Yong et al. in Malays also described the 
unilateral left-side agenesis was significantly higher in males 
(23). On the other hand, Abledu et al. (14) in Ghana popu-
lation observed that right-side agenesis was significantly 
more common in females. 

About hand dominance, the PL agenesis was greater in 
subjects with left hand dominant than the right hand domi-
nant, but no significant difference was observed. Our result 
was similar to the prior studies done on Ethiopian (7), 
Ghana (14) and Malay (19) population. The agenesis of PL 
was significantly more common on the non-dominant hand 
in both right and left-handed subjects. This finding suggests 
that the dominant hand is more involved in manual work 
and therefore it is less likely to degenerate compared to the 
non-dominant hand.  In right-hand dominant subjects, the 
agenesis of PL was significantly greater on the left side than 
on the right side, which correlated perfectly with reports of 
Kigera et al. (16), Eric et al. (28) and Ranjib Jha et al. (29). 
In left-hand dominant subjects, the agenesis of PL was great-
er on the right hand which was similar to the results of Ranjib 
Jha et al. (29). Even though, Eric et al. also observed simi-
lar results, but they noted a significant difference (28). In 
contrast, Jashni et al. (9) found the PL agenesis was equal on 
both sides in left-hand dominant subjects, while Kigera et al. 
(16) found no agenesis on the right side (table IV) (31). In 
disagreement with other studies, Garcia et al. in the Brazilian 
population found both right and left-handed subjects had a 
higher percentage of PL agenesis on the left side (30). 

Offei et al. (14) 210 2014 Ghana 2.1 4.7 0.7 1.6 2.7 6.3     3.8

Osonuga et al. (15) 226 2012 Ghanaian 1.3 1.36 0 0.44 1.3 1.8     3.1

Kigera et al. (16) 800 2011 East African 3.6 3 1.3 1 4.9 3.9     4.4

Mbaka et al. (17) 600 2009 Nigerian 5.4 6 1.5 0.4 6.9 6.4     6.7

Gangata et al. (18) 890 2009 Zimbabwe 0.33 0.56 0.22 0.33 0.56 0.9     1.46

Sebastin et al. (19) 329 2006 Singaporean 
Chinese 

3.8 2.5 1 1.7 8.3 2.4     4.6

Venkatapathy et al. (20) 300 2021 South Indian 16 29 4 14 21 43     32

Kapoor et al. (21) 500 2008 Indian 12.71 6.06 5.08 10.06 17.8 16.67     17.2

 Roohi et al. (22) 450 2007 Malaysian 5.8 7.1 1.3 4.4 7.1 11.5     9.3

Yong et al. (23) 1239 2017 Malay 6.08 9.77 3.04 4.4 9.1 14.2     11.7

Sharma et al. (24) 270 2019 Nepalese 11.2 11 3.2 4.1 14.4 15.2     14.8

Lamichhane et al. (25) 503 2017 Filipino 12.94 15.3 0.4 2.58 4.77 12.72     17.5

Nilton Alves et al. (26) 200 2011 Chilean 10.46 11.4 6.97 10.52 17.44 21.93     20

Morais et al. (27) 740 2012 Brazilian 10.3 16.7 13.1 10.7 21.1 29.7     26.5

Present study 600 2021 Indian American 11.00 5.00 5.33 9.33 16.33 14.33     15.33

N: Number subjects; PL: Palmaris longus; M: Male; F: Female.

Authors N Year Population                                  PL absence Total (%) 

Unilateral (%) Bilateral
 (%)

Overall 
(%)

M F M F M F
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Table IV. Comparison of the association of Palmaris longus agenesis and hand dominance of the present with other studies 
using clinical tests. 

Author Year N Population        Right handed                                       Left handed

Right 
PL agenesis (%)

Left 
 PL agenesis (%)

Right 
PL agenesis (%)

Left 
PL agenesis (%)

Jashni et al. (9) 2014 732 Iran 27 (4.1) 44 (6.6) 4 (6.5) 4 (6.5)

Kigera et al. (16) 2011 800  East African 7 (0.9) 17 (2.3) 0 (0) 1 (2.5)

Eric et al. (28) 2010 800 Serbia 24 (5.3) 50 (11.1) 18 (20) 2 (2.2) 

Jha et al. (29) 2015 400 Eastern Nepalese 6 (1.6) 23 (6) 3 (18.7) 1 (6.3) 

Qa’oud et al. (31) 2019 700 Egyptian 72 (10.7)  60 (8.9) 1 (3.6) 2 (7.1)

Present study 2021 600 Indian Americans 14 (2.44) 30 (5.24) 3 (11.11) 1 (3.7)

N: Number subjects; PL: Palmaris longus.

A shortcoming of our study was that it is challenging to assess 
all the variation PL muscle using clinical tests. Rarely, it may 
lead to misinterpretation of an inadequately developed 
muscle or anomalous tendon as absent. These variations 
can be precisely determined by MRI and Ultrasonography, 
but lamentably it is difficult to perform this investigation in 
a large number of subjects because it is neither cost-effec-
tive nor time-saving. Hence the clinical test remains the only 
feasible method for documenting the presence or absence of 
this tendon in such large-scale population studies (12, 28, 32). 

CONCLUSIONS
The palmaris longus tendon agenesis in Indian American 
subjects was more analogous to the standard textbooks 
of hand surgery and the previous study on the Ethiopian 
population. The values are comparable to a much higher 
prevalence of PL agenesis in the Middle East to the lowest 
in the African population. This comparison confirms that 
the prevalence of palmaris longus is race-dependent. The 
present study data may be valuable for tissue banks for 
harvesting the tendon allografts from Indian Americans 
which could be useful for surgeons during various recon-

structive and tendon grafting surgery in Indian Ameri-
can patients.
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SUMMARY
Background. The goal of the present research was to study the morphological variants 
of the abductor pollicis longus (APL) and extensor pollicis brevis (EPB) tendons and 
their distal insertions in the hand.
Methods. An aggregate of 115 embalmed cadaveric upper limbs were utilized for this 
descriptive cross-sectional study. The morphological variants of the APL tendon were 
divided into 4 categories, one (type 1), two (type 2), three (type 3) and more than three 
tendons (type 4). The variations of tendons of EPB were divided into 3 types, one 
tendon (type 1), two tendons (type 2) and the absence of muscle (type 0). 
Results. It was observed that, only 22 upper limbs (19.1%) had single tendon of APL 
(type 1). The double tendon of APL was observed in 73 (63.5%) specimens (type 
2). In 19 (16.5%) cases, there were three tendons of the APL (type 3). In one of the 
upper limbs (0.9%), there were six tendons of the APL (type 4). The present study 
also observed that, in 112 (97.4%) cases, EPB was having a single tendon (type 1) and 
in one specimen (0.9%), it had two tendons (type 2). The EPB muscle was absent in 
2 (1.7%) cases (type 0).
Conclusions. The morphological knowledge about the APL and EPB tendons are 
of importance in the plastic and reconstructive hand surgeries. The present study 
observed that, the accessory tendons of APL have higher frequency than the expected.

KEY WORDS
Compartment syndromes; De  Quervain  stenosing tenosynovitis; forearm; plastic 
surgery; tendons.
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BACKGROUND
The anatomy can only be encountered with a standard surgi-
cal approach. The competent hand surgery depends on under-
standing the dynamic interplay between the anatomy of the soft 
tissue and bone. However, it was reported that the anatom-
ical variations are often unpredictable unless the surgeon is 
well experienced (1). The morphological variations can lead 
to pathological conditions, but some are considered as normal 
morphological variants and they can be utilized as grafts in the 
surgical reconstruction (2). Backhouse (3) used the abductor 
pollicis longus (APL) tendon to construct the ruptured exten-
sor pollicis longus. The APL and extensor pollicis brevis (EPB) 
are muscles of back of the forearm, which enter the extensor 

retinaculum at its first compartment. It was reported that the 
anatomical variations of APL, can end up in the pathological 
conditions like De Quervain tenosynovitis, inflammation of the 
first carpometacarpal joint and subluxation of trapezio-metacar-
pal joint (4). The variability in the number of tendons of APL 
and their distal attachments have clinical significance (5, 6). De 
Quervain’s syndrome occurs due to the stenosing tenosynovitis 
of the extenson retinaculum at its first compartment (7). It was 
reported that, De Quervain’s syndrome is often seen in students 
and other populations, who frequently use the cell phones, 
because the speed of texting has been very fast (8). There will 
be sudden stress in the intrinsic tendons of the thumb, which 
cause pain and weakness over the base of the thumb. The young 
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Figure 1. Morphological classification of the tendons in this 
study.
(A) Abductor pollicis longus (APL); (B) Extensor pollicis brevis (EPB).

people like as in students, who are addicted to cell phone usage 
are often tested positive for the De Quervain’s syndrome (8).
The morphology of EPB tendon should also be looked into 
during the surgical procedure of the first compartment of 
extensor retinaculum performed for the decompression 
in De Quervain’s syndrome (9). In the orthopedic hand 
surgery, the sound knowledge of anatomy of hand is essen-
tial for any of the procedure and prosthesis insertion. The 
complex movements of the hand and thumb require multi-
ple muscles and their tendons, which run within this area. 
The higher frequency of morphological variation of the 
hand can be considered as a natural outcome due to the 
larger number of tendons (10). 
It is well known that, few of the intrinsic muscles of thumb 
contain the sesamoid bones in their tendons. Balaji et al. (11) 
observed that, the sesamoid bones are found in the tendons of 
adductor pollicis, flexor pollicis brevis, abductor pollicis brevis 
and flexor pollicis longus. However, they are not observed in 
the APL and EPB tendons. The function of the sesamoid 
bones is that; they change the direction of the forces acting on 
these muscles. Since APL and EPB do not contain sesamoid 
bones, they are more prone for the stress and inflammation.
Karauda et al. (12) reported that, APL is characterized by the 
higher frequency of morphological variants. They categorized 
the APL into 3 types, among them type 1 was characterized by 
a single distal attachment into the tendon of the base of the first 
metacarpal bone. The type 2 had dual attachments and type 3 
had accessory bands, which were fusing with the other tendons. 
El-Beshbishy et al. (13) observed the accessory tendons of APL 
in all of their specimens (100%) and the number of tendons 
were ranging between 1 and 6. They classified the APL tendons 
into medial and lateral, the lateral one was considered as the 
main tendon inserting into the base of the first metacarpal bone. 
The medial tendon slips were inserted into either trapezium, 
opponens pollicis, abductor pollicis brevis, thenar fascia or 
capsule of first carpometacarpal joint (13).  
Brunelli and Brunelli (14) observed the absence of EPB 
in 3.8% of their specimens. They also observed few of 
the morphological variants of EPB, like insertion into the 
distal phalanx (7.7%) and into the dorsal digital expansion 
in 69.2% cases. Shiraishi and Matsumura (15) observed 
that, the number of tendons of EPB range between 1 and 
3, whereas the number of tendons of APL varied between 
1 and 7. It was reported that the accurate procedure of 
tenosynovectomy, which is performed for the De Quervain 
disease needs to evaluate for the accessory tendons of APL 
and EPB (16). It was also opined that the tendon injuries in 
the hand are frequent in rock climbers and sports person 
(17). The detailed knowledge about the etiology, diagnosis 
and management of tendon injury is required, because these 
injuries can also rarely occur in non-climbing people (17). 

Due to all these clinical implications in the hand pathology 
and surgery, the aim of this present anatomical research was 
to examine the morphological variants of the tendons of the 
APL and EPB and their distal insertions at the hand.

MATERIALS AND METHODS
An aggregate of 115 embalmed cadaveric upper limbs (53 
right and 62 left sided) were utilized for this descriptive cross 
sectional study. The age and gender of the specimens were 
not taken into consideration. The right and left sided upper 
limbs were chosen randomly and they are not completely 
corresponding from the same cadaver. The sample size was 
determined as per the previous publication by Kulthanan and 
Chareonwat (5). The back of forearm and hand region of the 
embalmed cadavers were carefully dissected. The APL and 
EPB were exposed from their origin and the tendons were 
carefully followed in the extensor retinaculum at the first 
compartment until their insertion. If any multiple tendons, 
they were also traced till their insertion. The tendons were 
defined as independent or easily divisible bands, which orig-
inated from the muscle. The tendons were considered as one 
tendon, two tendons, three tendons etc. by separating them 
from the APL at the myo-tendinous intersection. 
The morphological variants of APL tendons in the first 
compartment were divided into 4 types, which are repre-
sented in figure 1 A, as: one tendon (type 1), two tendons 
(type 2), three tendons (type 3) and more than three tendons 
(type 4). Whereas the variations of tendons of EPB (figure 
1 B) were divided into 3 types, one tendon (type 1), two 
tendons (type 2) and the absence of EPB muscle (type 0). 
The present study has fulfilled the criteria and exempted 
from the ethics committee (Institutional Ethics Commit-
tee, Kasturba Medical College, Mangalore, India; Reg 
No. ECR/541/Inst/KA/2014/RR-20; DHR Reg. No. EC/
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NEW/INST/2020/742; Approval No. IEC KMC MLR 
10/2021/321; Date: 10/21/2021). This study was approved 
by the scientific committee of the institution and was 
performed as per the international ethical standards laid by 
the declaration of Helsinki. Signed informed consents are 
not applicable to this cadaveric study.

RESULTS
The frequency of number of tendons of APL in this study 
are represented in figure 2. Only 22 upper limbs (19.1%) 
revealed single tendon of the APL (figure 3). However, the 
most common finding was the double tendon of APL, which 
was observed in 73 (63.5%) specimens (figure 4). In 19 

(16.5%) cases, there were three tendons of the APL (figure 
5). In one of the upper limbs (0.9%), there were six tendons 
of the APL (figure 6). In all the specimens, the chief APL 
tendon was distally attaching into the first metacarpal base. 
The additional tendons inserted into the trapezium bone in 
58 cases (62.3%), first metacarpal bone in 17 cases (18.3%) 
and to the abductor pollicis brevis in 17 cases (18.3%). In the 
morphological variant with six tendons of APL, all ended up 
in inserting into the first metacarpal bone at its base. In one 
specimen, the 3rd APL tendon was inserting into the proximal 
phalanx of the pollex at its base (1.1%) and in this specimen, 
EPB was absent (figure 5). This suggests that the EPB was 
replaced by the APL tendon in this morphological variant. The 
frequency of variant insertions of the accessory tendons of APL 
is represented in table I. 
The frequency of number of tendons of EPB is represented in 
figure 7. The present study observed that, in 112 (97.4%) of 
the cases, EPB was having a single tendon with single inser-

Figure 2. Frequency of number of tendons of abductor polli-
cis longus (n = 115).

Figure 3. Cadaveric right hand showing the single tendon of 
APL (type 1, 19.1%).
APL: abductor pollicis longus; EPB: extensor pollicis brevis; EPL: extensor 
pollicis longus; T: proximal phalanx of thumb; M: first metacarpal bone.

Figure 4. Cadaveric right hand showing the double tendons 
(1, 2) of APL (type 2, 63.5%).
APL: abductor pollicis longus; EPB: extensor pollicis brevis; EPL: exten-
sor pollicis longus; M: first metacarpal bone; APB: abductor pollicis brevis.

Figure 5. Cadaveric right hand showing the triple tendons 
(1-3) of APL (type 3, 16.5%).
APL: abductor pollicis longus; EPL: extensor pollicis longus; M: first meta-
carpal bone. The extensor pollicis brevis was absent in this case.

Figure 6. Cadaveric right hand showing the six tendons (1-6) 
of APL (type 4, 0.9%).
APL: abductor pollicis longus; T: thumb.

Table I. Topography of insertion and frequency of accessory 
tendons of APL (n = 115).

Insertion site Number Frequency

Trapezium bone 58 62.3%

First metacarpal bone 17 18.3%

Abductor pollicis brevis Muscle 17 18.3%

Proximal phalanx of thumb 1 1.1%



75Muscles, Ligaments and Tendons Journal 2022;12 (1)

M. D. PraMeela, latha V. Prabhu, b. V. MurliManju, et al.

tion. In one specimen (0.9%), EPB had two tendons, and 
both were inserted separately into the proximal phalanx of 
the pollex at its base (figure 8). EPB muscle was absent in 2 
(1.7%) cases (figure 5).
In one of the specimens of this study, a rare variation of an 
accessory muscle was observed, which was originating by 
two slips. One slip was originating from the inferior aspect of 
the shaft of the radius and the other was taking origin from 
the extensor carpi radialis longus muscle. Both slips joined 
together and inserted into the tendon of APL (figure 9). 

DISCUSSION
During the development, a single muscular mass gets 
separated into the APL and EPB, phylogenetically. It was 
reported that, there will be complete separation of APL and 
EPB in gorillas and human beings (18). However, morpho-
logically variant insertions of APL and EPB are observed 
in different primates (19). The accessory slips of APL have 
been observed in other primates like gibbons and gorillas, 
suggesting the atavistic factor (6). In chimpanzees, the APL 
distally has insertion at the lateral aspect of the shaft of the 
first metacarpal bone, however in gorillas, this attaches to 
the trapezium bone. Ontogeny repeats phylogeny and it 
is not a surprise to see the morphological variants of these 
tendons in man (19). During the intrauterine development 
in humans, the APL tendon will usually have three slips, 
morphologically. The anterior, middle, and posterior slips, 
which insert at the first metacarpal, trapezium bone and 
opponens pollicis respectively. Eventually, the posterior 
slip gets detaches from the opponens pollicis and joins the 
abductor pollicis brevis muscle. It has been described that 
the persistence of the embryological patterns of the tendons 
of APL, can lead to the multiple tendons in the postnatal 
life (20).
Tewari et al. (4) observed that, it is quiet common to see 
the dual tendons of the APL. These tendons get distal 
attachment at the first metacarpal base and the trapezium 
bone. Paul and Das (21) reported a case of three tendons 
of APL, which formed an aponeurosis and finally ended up 
in the first metacarpal. Tewari et al. (4) also observed four 
and six tendons of APL in some of their specimens. It was 
opined that the multiple tendons of APL and EPB can lead 
to formation of multiple osseofibrous tunnels in the exten-
sor retinaculum first compartment, which may lead to De 
Quervain syndrome (5). The response to the treatment of 
De Quervain syndrome and arthritis of the first carpo-meta-
carpal joint are altered due to the morphologically variant 
tendons of the APL (4). It was also opined that, ethnic varia-
tions seemed to exist with respect to the tendinous morpho-
logical variants (22). 
De Quervain syndrome of the first compartment of the 
dorsal retinaculum of hand is a usual pathology. In this 
disease, the pain results from the resisted movement of the 
APL and EPB tendons in the canal at the first compartment. 
It was described that the number and dimensions of addi-
tional tendons of APL may have an efficient role in etio-
pathogenesis of De Quervain’s disease (23, 24). The number 
of tendons of EPB and their variability in the distal attach-
ment should be examined by the hand surgeon, during the 
surgical release of the extensor retinaculum in De Quer-
vain’s disease. 

Figure 7. Frequency of number of tendons of extensor polli-
cis brevis (n = 115).

Figure 9. Cadaveric upper limb showing the double tendon 
of APL and an accessory muscle was taking origin from the 
ECRL and inserted to the APL-1.
APL-1 and APL-2: two tendons of APL; EPB: extensor pollicis brevis; 
AM: accessory muscle; ECRL: externsor carpi radialis longus; ECRB: 
extensor carpi radialis brevis.

Figure 8. Cadaveric right upper limb showing the triple 
tendons (1-3) of APL and double tendons (I, II) of EPB.
M: first metacarpal bone; T: thumb.
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In the present study, majority of the hands (63.5%) had 
splitting of APL tendon and they were getting inserted as 
double tendons. In only 19.1% of hands, it was inserted 
as single tendon. It was inserted as triple tendon in 16.5% 
of hands. In a study conducted by Jackson et al. (25), only 
25% of cadavers showed single insertion of the APL. In 
57% of hands, they found double tendon of the APL. Our 
present study has reported almost similar finding with 
respect to this observation of dual insertion. Jackson et 
al. (25) detected that the additional tendons were insert-
ed either into the trapezium or blended with the origin 
of abductor pollicis brevis. Fabrizio and Clemente (26), 
found multiple tendons of APL in 30% of their cadavers. 
Vollala (27) found single tendon of APL in only 30% of 
their hand specimens from cadavers. In 50% cases, it was 
two tendons and 20% of hands had multiple tendons. In 
our study, the incidence of single APL tendon (19.1%) is 
still further lesser frequency in comparison to Vollala (27). 
Kulthanan and Chareonwat (5) found multiple tendons 
of APL in 89% cases of cadaver samples and 49% of 
their patients. The comparison of frequency of accessory 
tendons of APL of the present study with other population 
is represented in table II.
We found six tendons of APL in one of the right sided spec-
imens and it was observed that, all these tendons distally 
attached to first metacarpal base. Similar finding was report-
ed by Mehta et al. (28) as they found an anomalous arrange-
ment of APL into four tendons and there was bifurcation 
of the medial most tendon. Melling et al. (29) reported an 
unusual finding of APL dividing into 7 tendons in the first 
compartment of the extensor retinaculum. In their finding, 
the actual main tendon of APL attached into the first meta-
carpal base and the supernumerary tendons were attached 
to various locations like opponens pollicis, lateral part of 
abductor pollicis brevis and dorso-lateral part of the first 
metacarpal base. In the present investigation, additional 

tendons of APL inserted into the first metacarpal bone in 
18.3% cases and at the abductor pollicis brevis in 18.3% 
cases. In one of the specimens, the 3rd tendon of APL had 
distal insertion at the proximal phalanx of the pollex at the 
base. There were no cases with insertion of the APL into the 
opponens pollicis muscle in this study. 
Jabir et al. (24) recommended the preoperative ultrasound 
scanning to study the anatomy of the EPB during the surgi-
cal reconstructive procedures of this muscle. They also 
reported that, there are ethnic variations in the anatomy 
of the EPB, which require further study (24). Nayak et al. 
(20) found single tendon of EPB in 85.2% cases, which was 
attaching into the base of the proximal phalanx of pollex, 
two tendons in 10.9% cases and three tendons in 3.8% 
cases. The EPB in the present study, was a solitary tendon 
in 97.4% of cases and dual in 0.9% cases. In 1.7% of cases 
in this investigation, the EPB muscle was not observed. This 
outcome is analogous to the study done by Jackson et al. 
(25), in which they found absence of EPB in 2% of cases. 
They also found double tendons of EPB in 0.7% cases. 
Kulthanan and Chareonwat (5) found solitary tendon of 
EPB in 98% of cadavers and 94% of patients studied. They 
found multiple tendons of EPB in 20% of cadavers and 
38% of patients respectively. These were higher frequency 
in comparison to our findings with reverence to the acces-
sory tendons of the EPB. The comparison of frequency of 
accessory tendons of EPB of the present study with other 
population is represented in table III.
Patel and Desai (30) observed that the APL and EPB 
muscle bellies extending into the first compartment of the 
extensor retinaculum without forming the tendon in two 
of their patients. Such morphological variants of exten-
sion of the muscle bellies into the retinaculum were not 
detected in this present research. However, the present 
research observed an accessory muscle, which inserted 
into the tendon of APL by two slips. One slip was taking 
origin from the extensor carpi radialis longus and the other 
slip was originating from the radius bone. This morpho-
logically variant muscle was not reported previously by the 
other authors.

Table II. Comparison of frequency of accessory tendons of 
APL with other population. 

Authors Frequency Population

Present study 80.9% Indian

Kulthanan and 
Chareonwat (5)

89% Thai

Jackson et al. (17) 75% Caucasian

Karauda et al. (12) 88% Polish

El-Beshbishy and 
Abdel-Hamid (13)

100% Arabian

Motoura et al. (16) 98.9% Japanese

Table III. Comparison of frequency of accessory tendons of 
EPB with other population. 

Authors Frequency Population

Present study 0.9% Indian

Kulthanan and Chareonwat (5) 20% Thai

Motoura et al. (16) 10.9% Japanese

Jackson et al. (17) 0.7% Caucasian
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It is important to recognize the anatomical dissimilarities of the 
APL and EPB as they help the orthopedic surgeons in under-
standing the pathological conditions (4). It is emphasized that, 
all the tendons of APL should be released in the surgical release 
procedure, which is performed for treating the De Quervain 
tenosynovitis. If the surgeon is not aware of the morphological 
variants of multiple tendons, it can lead to persistence of the 
symptoms even after the surgery. In some situations, the multi-
ple tendons can cause failure of the local steroid injection ther-
apy, if the surgeon is not aware of these variations. 
The knowledge about the morphological variants of the 
tendons of EPB is essential to understand the thumb exten-
sion. The data will be enlightening to the reconstructive hand 
surgeons. The APL and EPB tendons are useful in the plas-
tic and reconstructive surgeries, where they can be harvest-
ed as the tendon grafts. The additional tendons of APL 
can be transferred in cases of ruptured or divided extensor 
pollicis longus muscle (3, 31). The knowledge about multi-
ple tendons of APL can help in choosing them as the tendon 
grafts (32). The volar translocation of the APL can be done 
as a treatment modality for the recurrent subluxation of the 
first carpometacarpal joint with intact articular surface (33).
The present study observed that, both the muscles in the 
first compartment of the extensor retinaculum had higher 
frequency of variability in their number of tendons and their 
insertions. It is suggested that, the accessory tendons need to 
be considered along with the main tendon during the local 
steroid injections, which is performed for the tenosynovitis. 
If the accessory tendons are not injected, this leads to recur-
rence of the symptoms. The findings of this study about the 
accessory tendons and their variable insertions will also help 
the plastic surgeon in choosing the grafts and assist in the 
tendon transfer procedures of the hand. The details about 
the anatomical variations of APL and EPB are helpful to the 
radiologists and hand surgeons in making the accurate diag-
nosis and the best management of thumb pathologies.
The present study had some limitations like the gender of 
the cadavers and age of the cadavers, which were not taken 
into considerations. The right and left sided data was not 
analyzed statistically, because all the right and left speci-
mens were not from the same individual correspondingly. 
The clinical data of the donors were not available; hence 
it was not possible to correlate the morphological variants 
of the tendons with the orthopedic clinical conditions. The 
other limitation is that the morphometry of the accessory 

tendons was not performed in this study. The data about the 
dimensions of the accessory tendons of APL and EPB will 
particularly have implications in the plastic surgeries of the 
hand. The neurovascular pedicles of the APL and EPB were 
also not studied in this anatomical investigation. This can 
also be considered as the potential limitation of this anatom-
ical study.

CONCLUSIONS
The present study has offered supplementary information 
about the inconsistency in the number and insertion location 
of the tendons of APL and EPB in a sample Indian popula-
tion. It was observed that the APL has higher frequency of 
accessory tendons. It is believed that the morphological data 
provided in this study are enlightening to the orthopaedic 
surgeons and plastic surgeons. The accessory tendons can 
be utilized as transplants in the reconstructive surgeries. 

FUNDINGS
None.

DATA AVAILABILITY
The data are available to the repository links: 
https://rms.manipal.edu/ 
https://eprints.manipal.edu/
https://impressions.manipal.edu/

CONTRIBUTIONS
LVP: conceptualization. MDP: data collection. BVM, CGK: 
data analy sis and interpretation. BVM: drafting of the 
manuscript. MMP: critical revision of the manuscript. All 
authors: approval of the final version of the manuscript.

ACKNOWLEDGEMENTS
The authors of this study sincerely thank the body donors of 
the cadavers, which were utilized in this study.

CONFLICT OF INTERESTS 
The authors declare that they have no conflict of interests. 



78 Muscles, Ligaments and Tendons Journal 2022;12 (1)

Tendons of First Compartment of Extensor Retinaculum

REFERENCES
1. Chang EY, Chung KC. Outcomes of trapeziectomy with a modi-

fied abductor pollicis longus suspension arthroplasty for the 
treatment of thumb carpometacarpal joint osteoarthritis. Plast 
Reconstr Surg 2008;122:505-15.

2. Roh MS, Strauch RJ, Xu L, Rosenwasser MP, Pawluk RJ, Mow 
VC. Thenar insertion of abductor pollicis longus accesso-
ry tendons and thumb carpometacarpal osteoarthritis. J Hand 
Surg Am 2000;25:458-63.

3. Backhouse KM. Abductor pollicis longus musculo-tendinous 
split as a replacement motor for ruptured extensor pollicis 
longus. Hand 1981;13:271-5. 

4. Tewari J, Mishra PR, Tripathy SK. Anatomical variation of 
abductor pollicis longus in Indian population: A cadaveric 
study. Indian J Orthop 2015;49:549-53. 

5. Kulthanan T, Chareonwat B. Variations in abductor pollicis 
longus and extensor pollicis brevis tendons in the Quervain 
syndrome: a surgical and anatomical study. Scand J Plast Recon-
str Surg Hand Surg 2007;41:36-8.

6. Aydinlioglu A, Tosun N, Keles P, Akpinar F, Diyarbakirli S. Vari-
ations of abductor pollicis longus and extensor pollicis brevis 
muscles: surgical significance. Kaibogaku Zasshi 1998;73:19-23.

7. Lee ZH, Stranix JT, Anzai L, Sharma S. Surgical anatomy of the 
first extensor compartment: A systematic review and compar-
ison of normal cadavers vs. De Quervain syndrome patients. J 
Plast Reconstr Aesthet Surg 2017;70:127-31. 

8. Ali M, Asim M, Danish SH, Ahmad F, Iqbal A, Hasan SD. Frequency 
of De Quervain’s tenosynovitis and its association with SMS texting. 
Muscles Ligaments Tendons J 2014;4:74-8.

9. Ravi PK, Tewari J, Mishra PR, Tripathy SK, Nanda SN, 
Gantaguru A. Variations of extensor pollicis brevis tendon in 
Indian population: A cadaveric study and review of literature. J 
Clin Orthop Trauma 2019;10:278-81. 

10. Yuksel M, Onderoglu S, Arik Z. Case of an abductor pollicis 
longus muscle: variation or differentiation? Okajimas Folia Anat 
Jpn 1992;69:169-71. 

11. Balaji RA, Apoorva, Katti VV, Pai MM, Murlimanju BV, Prabhu 
LV. Morphological and topographic anatomy of sesamoid bones 
of human thumb. Muscles Ligaments Tendons J 2020;10:138-43.

12. Karauda P, Olewnik Ł, Podgórski M, et al. Anatomical varia-
tions of the abductor pollicis longus: a pilot study. Folia Morphol 
(Warsz) 2020;79:817-22. 

13. El-Beshbishy RA, Abdel-Hamid GA. Variations of the abduc-
tor pollicis longus tendon: an anatomic study. Folia Morphol 
(Warsz) 2013;72:161-6. 

14. Brunelli GA, Brunelli GR. Anatomy of the extensor pollicis 
brevis muscle. J Hand Surg Br 1992;17:267-9.

15. Shiraishi N, Matsumura G. Anatomical variations of the 
extensor pollicis brevis tendon and abductor pollicis longus 
tendon--relation to tenosynovectomy. Okajimas Folia Anat Jpn 
2005;82:25-9. 

16. Motoura H, Shiozaki K, Kawasaki K. Anatomical variations 
in the tendon sheath of the first compartment. Anat Sci Int 
2010;85:145-51. 

17. Schöffl V, Schöffl I, Frank L, Küpper T, Simon M, Lutter 
C. Tendon injuries in the hands in rock climbers: epidemi-
ology, anatomy, biomechanics and treatment – an update. 
Muscles Ligaments Tendons J 2020;10:233-43.

18. Dhuria R, Mehta V, Suri RK, Rath G. Anomalous composi-
tion of musculature of the first dorsal fibro-osseous compart-
ment of the wrist. Singapore Med J 2012;53:e133-e5.

19. Giles KW. Anatomical variations affecting the surgery of de 
Quervain’s disease. J Bone Joint Surg Br 1960;42-B:352-5.

20. Nayak SR, Hussein M, Krishnamurthy A, et al., Variation 
and clinical significance of extensor pollicis brevis: a study 
in South Indian cadavers. Chang Gung Med J 2009;32:600-4. 

21. Paul S, Das S. Multiple tendons of abductor pollicis longus 
muscle: a cadaveric study with clinical implications.  Kath-
mandu Univ Med J (KUMJ) 2006;4:501-2. 

22. Bravo E, Barco R, Bullón A. Anatomic study of the abductor 
pollicis longus: a source for grafting material of the hand. Clin 
Orthop Relat Res 2010;468:1305-9.

23. Boyes JH. Bunnell’s surgery of the hand. Philadelphia: J.B. 
Lippincott, 1948: pp. 455-457.

24. Jabir S, Lyall H, Iwuagwu FC. The extensor pollicis brevis: 
a review of its anatomy and variations. Eplasty 2013;13:e35. 

25. Jackson WT, Viegas SF, Coon TM, et al. Anatomical varia-
tions in the first extensor compartment of the wrist. A clinical 
and anatomical study. J Bone Joint Surg Am 1986; 68:923-6.

26. Fabrizio PA, Clemente FR. A variation in the organization of 
abductor pollicis longus. Clin Anat 1996;9:371-5.

27. Vollala VR. Abductor pollicis longus; a study of 50 South 
Indian cadavers. Firat Tip Dergisi 2006;12:17-9.

28. Mehta V, Arora J, Suri RK, Rath G. A rare quadruplicate 
arrangement of abductor pollicis longus tendons: anatomi-
cal and clinical relevance. Clinics (Sao Paulo) 2009;64:153-5.

29. Melling M, Wilde J, Schnallinger M, Schweighart W, Panhol-
zer M. Supernumerary tendons of the abductor pollicis. Acta 
Anat (Basel) 1996;155:291-4.

30. Patel MR, Desai SS. Anomalous muscles of the first dorsal 
compartment of the wrist. J Hand Surg Am 1988;13:829-31.

31. Chitnis SL, Evans DM. Tendon transfer to restore extension 
of the thumb using abductor pollicis longus. J Hand Surg Br 
1993;18:234-8.

32. Schulz CU, Anetzberger H, Pfahler M, Maier M, Refior HJ. The 
relation between primary osteoarthritis of the trapeziometa-
carpal joint and supernumerary slips of the abductor pollicis 
longus tendon. J Hand Surg Br 2002;27:238-41.

33. Cho KO. Translocation of the abductor pollicis longus tendon. 
A treatment for chronic subluxation of the thumb carpometa-
carpal joint. J Bone Joint Surg Am 1970;52:1166-70. 

https://doi.org/10.1097/PRS.0b013e31817d5419
https://linkinghub.elsevier.com/retrieve/pii/S0363-5023(00)57211-6
https://doi.org/10.1016/s0072-968x(81)80008-3
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/26538762/
https://www.tandfonline.com/doi/full/10.1080/02844310600869720
https://pubmed.ncbi.nlm.nih.gov/9538618/
https://linkinghub.elsevier.com/retrieve/pii/S1748-6815(16)30230-3
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/24932451/
https://linkinghub.elsevier.com/retrieve/pii/S0976-5662(18)30055-9
https://doi.org/10.2535/ofaj1936.69.4_169
http://www.mltj.online/morphological-and-topographic-anatomy-of-sesamoid-bones-of-human-thumb/
https://journals.viamedica.pl/folia_morphologica/article/view/66121
https://doi.org/10.5603/fm.2013.0027
https://doi.org/10.1016/0266-7681(92)90112-f
http://japanlinkcenter.org/JST.JSTAGE/ofaj/82.25?lang=en&from=PubMed
https://dx.doi.org/10.1007/s12565-009-0070-x
http://www.mltj.online/tendon-injuries-in-the-hands-in-rock-climbers-epidemiology-anatomy-biomechanics-and-treatment-an-update/
http://smj.sma.org.sg/5306/5306cr9.pdf
https://doi.org/10.1302/0301-620x.42b2.352
http://cgmj.cgu.edu.tw/3206/320602.pdf
https://pubmed.ncbi.nlm.nih.gov/18603962/
https://doi.org/10.1007/s11999-009-1059-4
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/23882301/
https://journals.lww.com/3733780.pmid
https://doi.org/10.1002/(sici)1098-2353(1996)9:6%3C371::aid-ca2%3E3.0.co;2-e
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjnuuK9mpb2AhWsOOwKHTmTCjEQFnoECAQQAQ&url=http%3A%2F%2Fwww.firattipdergisi.com%2Fpdf.php3%3Fid%3D361&usg=AOvVaw1KFsablERax6qT1CXcHK9_
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/19219322/
https://doi.org/10.1159/000147818
https://linkinghub.elsevier.com/retrieve/pii/0363-5023(88)90255-9
https://doi.org/10.1016/0266-7681(93)90117-x
https://linkinghub.elsevier.com/retrieve/pii/S0266768102907655
https://journals.lww.com/5455344.pmid

	Eshuis R, Lentjes GW, Tegner Y, Wolterbeek N, Veen MR.Dutch translation and cross-cultural adaptation of theLysholm score and Tegner activity scale for patients withanterior cruciate ligament injuries. J Orthop Sports PhysTher 2016;46(11):976-83.



