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SUMMARY
Purpose. Professional basketball players are subject to lower extremity injuries given 
the physical nature of the game, which can impact career longevity. To report the 
epidemiology of hamstring injuries in National Basketball Association (NBA) players 
from 2016-2021 and to assess their effect on performance.
Methods. Online injury databases were searched to identify hamstring injuries occur-
ring from 2016-2021 in the NBA. The primary information collected included injury 
location, age at injury, games missed, and performance statistics before and after the 
injury. Comparison of pre and post injury performance was stratified by secondary 
injuries and duration of games missed.
Results. 210 hamstring injuries occurred in the NBA from 2016-2021. The most 
common injuries were strained left hamstrings (45/210, 21.4%) and right hamstrings 
(45/210, 21.4%).  The mean age at the time of injury was 28.0 ± 4.1 years old. Subse-
quent injuries occurred in 171 players in the same and/or following season (171/210, 
81.4%) The most common non-hamstring subsequent injuries affected the knee 
(84/575, 14.61%) and the ankle (63/575, 10.96%). There was a weak negative correla-
tion between games missed and age (r = - 0.03). Players had statistically significant
decreases in minutes played and field goal percentage following return from injury 
(p < 0.05).
Conclusions. Hamstring injuries are common in the NBA, and lead to a small but 
important decline in player performance. There is a high rate of reinjury of the 
hamstring and other areas of the body. Further study of hamstring injuries in the NBA 
is warranted to better understand readiness to return to play.

KEY WORDS
Hamstring; hamstring strain; injury; National Basketball Association; recovery.

CORRESPONDING AUTHOR:
Ava Eftekhari
Department of Orthopaedic Surgery
University of California-San Francisco
1500 Owens Street
San Francisco (CA) 94158, U.S.A.
E-mail: avae@princeton.edu

DOI:
10.32098/mltj.02.2022.01

LEVEL OF EVIDENCE: 4

Hamstring Injury Epidemiology in the National 
Basketball Association Over a Five-Year Period

A. Eftekhari, C. Cogan, N. Pandya, B. Feeley

Department of Orthopaedic Surgery, University of California-San Francisco, San Francisco (CA), U.S.A.

INTRODUCTION
Injuries amongst professional basketball players in the 
National Basketball Association (NBA) are common given 
the evolution of a more physical and high-contact style of play 
since its inception in 1891 by Dr. James Naismith (11). Rapid 
movements, such as sprinting, can place excess pressure on 
the hamstring and cause strains. Limited studies have exam-
ined the effects of injuries on professional basketball players’ 
performance, in particular those in the NBA (3, 6, 7, 9, 19, 34). 

Some previous studies have looked at injury risk in the NBA, 
National Football League (NFL), and Major League Baseball 
(MLB) and have identified that lower extremity injuries are 
the most commonly injured body area (9, 14, 21, 27). Drakos 
et al. reported a 3.3% incidence of hamstring injuries in NBA 
players from 1988-2005, but there is no data analyzing the 
effects of injury on NBA player performance (11). Addition-
ally prior studies have demonstrated that athletes who suffer 
a hamstring injury may be at a higher risk for a subsequent 
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hamstring injury (1, 8, 27). Okoroha et al. found a recurrence 
rate of 14.6% for hamstring injuries in the MLB over a six-year 
period (27). The impact of secondary hamstring injuries on 
NBA player performance has not recently been assessed.
Understanding the impact of hamstring injuries on play-
er performance can be advantageous for the athlete, their 
health care providers, the coaches, and the team. The play-
er’s health care providers may be able to more accurate-
ly estimate the recovery time, the level of performance 
based on advanced metrics upon return to the game, and 
prevent subsequent injury. Guidelines have been proposed 
by the Italian Society of Muscle, Ligaments, and Tendons 
(ISMuLT) in order to help classify, diagnose, and manage 
these injuries, which are broken down into non-structural 
and structural lesions (22). 
The purpose of the present study was to identify hamstring 
injuries in the NBA taking place over a five-year period 
(2016-2021), evaluate trends in player performance follow-
ing the injury, and assess the correlation of the number of 
games missed and player age. We hypothesized that play-
er performance, in particular the minutes played, distance 
travelled, and average points, would decrease considerably 
following a hamstring injury. 

MATERIALS AND METHODS
An online search was performed on May 27, 2021 using the 
Hashtag Basketball NBA Injury Database (https://hashtag-
basketball.com/nba-injury) and NBA injury reports (16, 20) 
Study was exempt from IRB approval given that all of the infor-
mation used was publically available. The following key terms 
were used to identify hamstring injuries taking place over a 
five-year period (2016-2021): “hamstring”; “left hamstring”; 
and “right hamstring”. The date of injury, injury type, player 
name, and team were recorded. Subsequent injuries, define  
as injuries that took place in the same and/or following season, 
were noted for each player.
The following variables were recorded from Basketball Refer-
ence Player Game Logs (https://www.basketball-reference.
com/players): age; games started; minutes started; field goals; 
field goal attempts; field goal percentage; 3-point field goals; 
3-point field goal attempts; 3-point field goal percentage; free 
throws; free throw attempts; free throw percentage; offensive 
rebounds; defensive rebounds; total rebounds; assists; steals; 
blocks; turnovers; personal fools; and points (2). For each 
injury, two variable means were calculated: one mean for ten 
games before the injury and a second mean for ten games 
following the injury. Additional groupings were made based 
on the number of games missed following the injury (< 10 
games missed and > 10 games missed) and secondary injuries 
(no secondary injuries and secondary injuries). 

From NBA Advanced Stats (https://www.nba.com/stats/
players/speed-distance) two variables were recorded: 
distance per game and average speed per game were record-
ed (25). For each injury, these two variables were noted for 
the season prior to the injury, the season which the inju-
ry took place, and the season after the injury. Overlapping 
injuries from both databases were removed and cross-refer-
enced with Basketball Reference Player Game Logs (2).  If 
players did not have data for each of the variables they were 
not included in the variable mean calculations. 
All statistical methods were performed with (Microsoft 
Excel, Microsoft, Redmond, Washington, USA). Students 
t-test was performed to compare the pre and post-injury 
variable means and determine significance. The Pearson 
correlation coefficient (r) was used to assess the correlation 
between age and the number of games missed. 

RESULTS

Demographics
Between 2016 and 2021, 210 hamstring injuries were iden-
tified in the NBA (appendix 1). Injured players represent-
ed 29 of the 30 NBA teams. The teams with the greatest 
number of hamstring injuries include the Utah Jazz (23/210, 
11.0%), the Brooklyn Nets (17/210, 8.1%), and the Dallas 
Mavericks (13/210, 6.2%) (figure 1).

The mean age at the time of injury was 28.0 ± 4.1 years old 
(range: 19-40 years old) (appendix 1, table I). The most 
hamstring injuries took place in the 25-30 years old age 
group (85/210, 40.5%) (figure 2). Of the players injured, 
one was in the 15-20 years old age group (1/210, 0.48%), 45 
were in the 20-25 years old age group (45/210, 21.4%), 66 
were in the 30-35 years old age group (66/210, 31.4%), 12 
were in 35-40 years old age group (12/210, 5.7%), and one 

Figure 1. Distribution of hamstring injuries by team.

https://hashtagbasketball.com/nba-injury
https://www.basketball-reference.com/players/
https://www.nba.com/stats/players/speed-distance/
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was in the 40-45 years old age group (1/210, 0.48%) (figure 
2).There was a weak negative correlation between age and 
games missed (r = - 0.03).  

Of players who were less than 30 years old, 61 had a subse-
quent hamstring injury (61/131, 46.56%), and 44 play-

ers who were greater than 30 years old had a secondary 
hamstring injury (44/79, 55.70%). The players greater than 
30 years old had a 1.44 higher odds of suffering a secondary 
injury (95% CI 0.82-2.53).

Impact of injury on player performance
There was a decrease in all variable means except for 3-point 
field goals (0.9% increase), average blocks (4.1% increase), 
and personal fouls (1.8% increase) which saw an increase 
following a hamstring injury (table II). 
The mean number of games missed was 6.3 ± 9.6 games 
(range: 0-73 games missed) (appendix 1). Players who 
missed less than 10 games experienced a 5.0% decrease in 
minutes played while those who missed more than 10 games 
saw a decrease of 28.6% (table III). In addition, average 
points declined by 6.8% upon return for those who missed 
less than 10 games and 4.2% for players who missed more 
than 10 games (table III).
Of the players injured, 171 players suffered a subsequent 
injury in the same and/or following season (171/210, 81.4 
%). 77 players had a secondary hamstring injury (77/210, 

Figure 2. Distribution of hamstring injuries by player age.

Table I. Variable means by age.

< 30 years old (n = 131) > 30 years old (n = 79)

Before After P-value Before After P-value

Games Started 0.56 0.56 0.50 0.52 0.41 0.06

Minutes Played 24.42 23.25 0.14 23.93 21.95 0.05

Field Goals 4.37 3.99 0.10 3.68 3.44 0.22

Field Goal Attempts 9.72 9.01 0.14 8.33 7.83 0.23

Field Goal % 0.45 0.43 0.01 0.44 0.43 0.24

3-Point Field Goals 1.23 1.23 0.47 1.26 1.28 0.46

3-Point Field 
Goal Attempts

3.47 3.41 0.43 3.40 3.41 0.49

3-Point Field Goal % 0.31 0.29 0.22 0.32 0.31 0.28

Free Throws 2.01 1.93 0.35 1.76 1.70 0.41

Free Throw Attempts 2.56 2.50 0.41 2.12 2.10 0.48

Free Throw % 0.72 0.71 0.36 0.77 0.71 0.06

Offensive Rebounds 0.79 0.78 0.45 0.65 0.50 0.05

Defensive Rebounds 3.03 2.82 0.12 2.90 2.66 0.11

Total Rebounds 3.82 3.60 0.17 3.55 3.16 0.06

Assists 2.93 2.74 0.24 3.16 2.87 0.23

Steals 0.80 0.80 0.50 0.78 0.75 0.36

Blocks 0.35 0.39 0.21 0.33 0.30 0.26

Turnovers 1.53 1.48 0.34 1.35 1.37 0.41

Personal Fouls 1.87 1.98 0.12 1.90 1.80 0.19

Points 11.97 11.05 0.14 10.37 9.86 0.29
Variable means by age. Statistics are per game.
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Table II. Variable means.

 Before Injury After Injury P-value
Distance (miles) 1.83 1.74 0.05

Speed (mph) 4.22 4.21 0.30

Number of Games Started 0.54 0.50 0.17

Minutes Played 24.23 22.78 0.03

Field Goals 4.11 3.79 0.07

Field Goal Attempts 9.20 8.58 0.10

Field Goal Percentage 0.45 0.43 0.01

3-Point Field Goals 1.24 1.25 0.46

3-Point Field Goal Attempts 3.44 3.41 0.45

3-Point Field Goal % 0.31 0.30 0.17

Free Throws 1.92 1.85 0.33

Free Throw Attempts 2.39 2.35 0.42

Free Throw % 0.74 0.71 0.09

Offensive Rebounds 0.74 0.68 0.18

Defensive Rebounds 2.98 2.76 0.05

Total Rebounds 3.72 3.44 0.05

Assists 3.02 2.79 0.15

Steals 0.79 0.78 0.42

Blocks 0.34 0.35 0.35

Turnovers 1.46 1.44 0.40

Personal Fouls 1.88 1.91 0.32

Points 11.37 10.61 0.12
Variable means. Statistics are per game.

Table III. Variable means by number of games missed.

< 10 games missed (n = 180) > 10 games missed (n = 30)

Before After P-value Before After P-value
Games Started 0.56 0.54 0.28 0.42 0.30 0.14

Minutes Played 25.00 23.75 0.07 19.67 17.00 0.11

Field Goals 4.36 4.02 0.07 2.58 2.46 0.38

Field Goal Attempts 9.76 9.09 0.10 5.86 5.59 0.8

Field Goal % 0.45 0.43 0.04 0.45 0.40 0.05

3-Point Field Goals 1.31 1.32 0.48 0.81 0.85 0.40

3-Point Field 
Goal Attempts

3.63 3.60 0.45 2.31 2.31 0.50

3-Point 
Field Goal %

0.31 0.30 0.15 0.31 0.31 0.48

Free Throws 2.05 1.98 0.35 1.12 1.05 0.39

Free 
Throw Attempts

2.53 2.52 0.47 1.53 1.38 0.31
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36.7%). Players with a secondary injury had statistically 
significant decreases in both defensive rebounds and free 
throw percentage (table IV). The average recovery time for 
players with no subsequent injuries was 36.53 ± 107.33 days 
while that for those who had a secondary hamstring injury 
was 20.54 ± 40.12. days (p = 0.13).

A total of 575 secondary injuries were identified (appen-
dix 2). 375 were injuries that fell into the categories list-
ed in table V. The most commonly injured body areas 
include the knee (84/575, 14.61%), the ankle (63/575, 
10.96%), and the back (38/575, 6.61%) (table V). The 
most commonly injured body areas include the knee 

< 10 games missed (n = 180) > 10 games missed (n = 30)

Before After P-value Before After P-value
Free Throw % 0.76 0.72 0.03 0.63 0.66 0.29

Offensive Rebounds 0.75 0.71 0.27 0.64 0.50 0.15

Defensive Rebounds 3.06 2.85 0.08 2.56 2.25 0.18

Total Rebounds 3.81 3.55 0.09 3.20 2.74 0.13

Assists 3.10 2.88 0.18 2.53 2.25 0.30

Steals 0.79 0.80 0.42 0.76 0.63 0.32

Blocks 0.34 0.36 0.30 0.31 0.28 0.38

Turnovers 1.52 1.51 0.46 1.15 1.06 0.31

Personal Fouls 1.92 1.95 0.36 1.61 1.67 0.37

Points 12.08 11.26 0.12 7.09 6.79 0.40
All statistics are per game.

Table IV. Variable means by secondary injuries.

 No secondary injury (n = 136) Secondary injury (n = 171)
Before After P-value Before After P-value

Games Started 0.48 0.45 0.26 0.63 0.56 0.16

Minutes Played 23.23 21.87 0.09 25.67 24.37 0.13

Field Goals 3.85 3.30 0.13 4.40 4.17 0.24

Field Goal Attempts 8.78 8.22 0.18 9.95 9.47 0.25

Field Goal % 0.45 0.43 0.01 0.43 0.42 0.15

3-Point Field Goals 1.14 1.15 0.44 1.43 1.44 0.47

3-Point Field Goal Attempts 3.22 3.19 0.47 3.87 3.90 0.46

3-Point Field Goal % 0.30 0.28 0.17 0.33 0.32 0.30

Free Throws 1.80 1.75 0.41 2.22 2.14 0.38

Free Throw Attempts 2.27 2.26 0.48 2.70 2.67 0.46

Free Throw % 0.72 0.72 0.48 0.78 0.70 0.01

Offensive Rebounds 0.78 0.71 0.25 0.63 0.59 0.32

Defensive Rebounds 2.81 2.70 0.26 3.21 2.84 0.04

Total Rebounds 3.59 3.41 0.23 3.84 3.43 0.06

Assists 2.66 2.40 0.15 3.57 3.36 0.28

Steals 0.73 0.71 0.32 0.87 0.88 0.45

Blocks 0.35 0.37 0.35 0.30 0.31 0.44

Turnovers 1.38 1.32 0.30 1.60 1.65 0.34

Personal Fouls 1.79 1.85 0.27 1.96 1.99 0.40

Points 10.84 10.08 0.18 12.46 11.92 0.29
Variable means by secondary injuries. Statistics are per game.
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(84/335, 25.07%), the ankle (63/335, 18.81%), and the 
back (38/335, 11.34%) (table V).
The most common subsequent knee injuries were soreness 
(24/84, 28.57%) and bruises (19/84, 22.62%) (table VI). 
Ten knee injuries required surgery (10/84, 11.90%) (table 
VI). The most common subsequent ankle injury was sprains 
(44/63, 69.84%). 

DISCUSSION
This study identified 210 hamstring injuries taking place in 
the NBA from 2016-2021 (appendix 1). Strains have been 
noted to be one of the most common types of injuries in other 
studies relating to professional athletes. From 1997 to 2010 
strains composed 27.8% of all injuries in the NBA (11). Vari-
ous classification systems, such as the ISMuLT guidelines have 
been used to describe muscle/tendon unit injuries, which are 
generally broken down into non-structural (Type 1 and 2) and 
structural (Type 3 and 4) injuries (22-24). Jackson et al. noted 
that the hamstring was most frequently strained muscle group, 
constituting 23.2% of muscle strains in the NBA over a 24-year 
period (19). Hamstring injuries are associated with sports 
where there is frequent high-speed running and stretching 
of the muscle in extreme joint positions (28). These motions 
are common in professional basketball and other sports, like 
soccer, where hamstring injury is also common (10). Whiteley 
et al. studied professional soccer players and found that over 
half of the players demonstrated decrease high-speed running 
distances after return to play from a hamstring injury (32).  
The majority of injuries took place in the 25-30 years old 
age group with the meanage at the time of injury being 28.0 
± 4.1 years old (appendix 1). This is in line with the mean 
age found in other studies examining injury outcomes in the 
NBA, which ranged from 24.8 years old to 28.2 ± 3.4 years 
old (3, 5, 9, 18) and is consistent with the mean age of NBA 
players at 26.1 years old (25). 
Surprisingly, we did not identify a significant relationship 
between age and games missed (r = - 0.03). Those who 
missed less than 10 games had a mean age of 28.0 ± 4.1 
years old while those who missed more than 10 games had a 
meanage of 27.9 ± 4.4 years old. This is an important fin -
ing for NBA players and teams who are forecasting return 
to play from a hamstring injury. Of note, players who were 
over age 30 did have a 1.44 times higher odds of a secondary 
injury, however the 95% confidence interval spanned from 
0.82 to 2.52. Drakos et al. similarly found no correlation 
between injury rates and age or NBA experience (11). Inter-
estingly, this has not been the case in soccer, where increas-
ing age has a positive correlation with hamstring injury (18, 
29, 33). One reason for this difference may be the greater 
reliance on high-speed running in soccer compared to the 
more laterally based movements in basketball. A study of 
male soccer players demonstrated that both age and previ-
ous hamstring injury were associated with decreased eccen-
tric hamstring strength, which may suggest age-related 
changes to the muscle increase injury risk (31). This has not 
been studied in professional basketball players.
The mean number of games missed was 6.3 ± 9.6 games 
(range: 0-73 games) (appendix 1). Those who missed more 

Table V. Distribution of secondary injuries by body area.

Body Area Number of Injuries
Achilles 9

Ankle 63

Arm 4

Back 38

Foot 13

Finger 9

Hip 20

Knee 84

Illness 58

Quadricep 13

Shoulder 15

Wrist 9

Distribution of secondary injuries by body area.

Table VI. Distribution of subsequent knee injuries.

Injury Type Number of Injuries

Bruise 12

Hyperextension 1

Effusion 2

Injury 19

Soreness 24

Sprain 6

Stiffness 1

Strain 5

Surgery 10

Distribution of subsequent knee injuries. Injury category include 
knee injuries which were not specified
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than 10 games saw less of a decrease in their average field
goals, average free throw percentage, average points, and 
average speed per game compared to those who missed less 
than 10 games (table II). A longer recovery period and this 
slight improvement in performance emphasizes the impor-
tance of rest time and load management. Load management 
has been studied in a variety of sports, with the notion that 
a steady return to play without acute spikes in workload is a 
safe way to return to play (5). Buckthorpe et al. describe an 
acute:chronic workload ratio (ACWR), where a heightened 
ACWR increases player risk to injury, but a progressive 
increase in chronic workload may build up a player’s toler-
ance toward acute loads (5). Despite best attempts to quan-
tify this workload needed for return to play after hamstring 
injury, the criteria for a safe return to play remained poorly 
defined (29). Our analysis is limited to the first 10 games 
before and after injury, so it does not assess the time at 
which a player might return to his pre-injury average.
Overall, a small but significant decrease in player perfor-
mance was observed following a hamstring injury. The vari-
ables measuring performance that experienced a decline 
include average distance (p = 0.05), average defensive 
rebounds (p = 0.05), and average field goal percentage (p 
= 0.01). Chauhan et al. identified a similar decline in NBA 
player performance upon returning from a surgically treated 
complete Achilles tendon rupture (7). They found that there 
was a significant decline in player offensive rating (p < 0.001) 
and points (p < 0.001) (7). These findings suggest that play-
ers are not back to their pre-injury performance baseline, 
and it may be a reason for the high rate of secondary injuries 
and hamstring re-injuries. Further study of return to play 
metrics may better inform teams and coaches about when it 
is safe to return to play after hamstring injury.
In this study, 171 players experienced a secondary inju-
ry, of which 77 players experienced subsequent hamstring 
injuries. This 36.7% reinjury rate is in line with recurrence 
rates of hamstring injuries for athletes described in other 
studies (10, 17). Notably, a 36.7% reinjury rate is high-
er than the 12% reinjury rate noted over a 7-year period 
observed in European football (12). Potential explanations 
for this this variation may include the number of games 
played in a season and difference in sport characteristics. A 
greater frequency of games played in the NBA in compar-
ison to professional football leagues may put athletes at an 
increased risk for injury. Additionally, the smaller size of a 
basketball court and increased amount of jumping, juking, 
physical contact, and changing direction may increase risk 
hamstring injury. 
Injury has been reported to greatly increase the risk of a 
similar, subsequent hamstring injury in elite athletes (17). 
Furthermore, roughly one third of hamstring reinjury will 

recur within two weeks of return to sport (14). One prospec-
tive cohort of male soccer players showed that a history of 
prior hamstring injury leads to increased risk of sustaining a 
new hamstring injury by over two-fold (13). It is also inter-
esting that the most commonly re-injured body area, exclud-
ing hamstring strains, were the knee and ankle. Further-
more, 10% of the secondary knee injuries required surgery 
for definitive management. This suggests that hamstring 
injuries may put players at risk for serious re-injury if not 
properly rehabilitated prior to return to play.
This study must be interpreted within the confines of its 
limitations. All data analyzed for this study was from public-
ly collected sources and is subject to limitations. As a result, 
it was not possible to stratify the players according to type of 
hamstring injury, which has important implications on treat-
ment options and risk of reinjury. The decision to calculate 
variable means for 10 games before and 10 games after 
was an arbitrary number, and it is possible for there to be 
significant differences outside of 10 games. In addition, the 
results stem from a limited sample size of NBA players over 
a five-year period which may not be directly applicable to 
other professional basketball leagues. Each player included 
in this study may not be receiving identical treatment given 
the different team locations and care providers. Another 
limitation includes that newer players to the NBA, such as 
those who began playing in 2021, do not have as much data 
regarding subsequent injuries compared to athletes who 
have been in the league for a longer period of time.

CONCLUSIONS
Hamstring injuries are common in the NBA, and they 
lead to a small but significantly important decline in play-
er performance. Following hamstring injury there is a high 
rate of reinjury at the hamstring as well as subsequent injury 
to other areas of the body, occasionally requiring surgery. 
Further study of hamstring injuries in the NBA is warranted 
to better understand readiness to return to play. 

FUNDINGS
None.

DATA AVAILABILITY
All data was recorded from publicly available data bases. 
The following links were used for data collection: 1) https://
hashtagbasketball.com/nba-injury, 2) https://www.basket-
ball-reference.com/players, and 3) https://www.nba.com/
stats/players/speed-distance. Additionally, demographic data 
can be seen in appendix 1. 

https://www.basketball-reference.com/players/


86 Muscles, Ligaments and Tendons Journal 2022;12 (2)

Hamstring Injury Epidemiology in the NBA

CONTRIBUTIONS
All authors contributed equally to this work, from analyzing 
the data to drafting the manuscript.

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

REFERENCES
1. Ahmad CS, Dick RW, Snell E, et al. Major and Minor League 

Baseball Hamstring Injuries: Epidemiologic Findings From 
the Major League Baseball Injury Surveillance System. Am J 
Sports Med 2014;42(6):1464-70.

2. Basketball Reference. NBA & ABA Player Directory. Basket-
ball Reference. Available at: https://www.basketball-refer-
ence.com/players/. Last access date: 06/01/2021.

3. Begly JP, Guss M, Ramme AJ, Karia R, Meislin RJ. Return to 
Play and Performance After Jones Fracture in National Basket-
ball Association Athletes. Sports Health 2016;8(4):342-6.

4. Bowen L, Gross AS, Gimpel M, Li FX. Accumulated work-
loads and the acute:chronic workload ratio relate to inju-
ry risk in elite youth football players.  Br J Sports Med 
2017;51(5):452-9.

5. Buckthorpe M, Wright S, Bruce-Low S, et al. Recommenda-
tions for hamstring injury prevention in elite football: translat-
ing research into practice. Br J Sports Med 2019; 53(7):449-56.

6. Bullock GS, Ferguson T, Vaughan J, Gillespie D, Collins G, 
Kluzek S. Temporal Trends and Severity in Injury and Illness 
Incidence in the National Basketball Association Over 11 
Seasons. Orthop J Sports Med 2021;9(6):23259671211004094.

7. Chauhan A, Stotts J, Ayeni OR, Khan M. Return to play, 
performance, and value of National Basketball Association 
players following Achilles tendon rupture.  Phys Sportsmed 
2021;49(3):271-7.

8. Dalton SL, Kerr ZY, Dompier TP. Epidemiology of Hamstring 
Strains in 25 NCAA Sports in the 2009-2010 to 2013-2014 
Academic Years. Am J Sports Med 2015;43(11):2671-9.

9. Deitch JR, Starkey C, Walters SL, Moseley JB. Injury risk in 
professional basketball players: a comparison of Women’s 
National Basketball Association and National Basketball 
Association athletes. Am J Sports Med 2016;34(7):1077-83.

10. Diemer WM, Winters M, Tol JL, Pas HIMFL, Moen MH. 
Incidence of Acute Hamstring Injuries in Soccer: A System-
atic Review of 13 Studies Involving More Than 3800 Athletes 
With 2 Million Sport Exposure Hours. J Orthop Sports Phys 
Ther 2021;51(1):27-36.

11. Drakos MC, Domb B, Starkey C, Callahan L, Allen AA. 
Injury in the national basketball association: a 17-year over-
view. Sports Health 2010;2(4):284-90.

12. Ekstrand J, Spreco A, Bengtsson H, Bahr R. Injury rates 
decreased in men’s professional football: an 18-year prospec-
tive cohort study of almost 12 000 injuries sustained during 1.8 
million hours of play. Br J Sports Med 2021;55(19):1084-91.

13. Engebretsen AH, Myklebust G, Holme I, Engebretsen L, 
Bahr R. Intrinsic risk factors for groin injuries among male 
soccer players: a prospective cohort study. Am J Sports Med 
2010;38(10):2051-7.

14. Erickson LN, Sherry MA. Rehabilitation and return to 
sport after hamstring strain injury.  J Sport Health Sci 
2017;6(3):262-70.

15. Hägglund M, Waldén M, Ekstrand J. Previous injury as a risk 
factor for injury in elite football: a prospective study over two 
consecutive seasons. Br J Sports Med 2006;40(9):767-72.

16. Hashtag Basketball. NBA Injury Database. Hashtag Basket-
ball. Available at: https://hashtagbasketball.com/nba-injury. 
Last access date: 06/01/2021.

17. Hawkins RD, Fuller CW. A prospective epidemiological study 
of injuries in four English professional football clubs.  Br J 
Sports Med 1999;33(3):196-203.

18. Henderson G, Barnes CA, Portas MD. Factors associated with 
increased propensity for hamstring injury in English Premier 
League soccer players. J Sci Med Sport 2010;13(4):397-402.

19. Jackson TJ, Starkey C, McElhiney D, Domb BG. Epide-
miology of Hip Injuries in the National Basketball Asso-
ciation: A 24-Year Overview.  Orthop J Sports Med 
2013;1(3):2325967113499130.

20. Kaggle. NBA Injuries from 2010-2020. Kaggle. Available at: 
https://www.kaggle.com/ghopkins/nba-injuries-2010-2018. 
Last access date: 06/01/2021.

21. Mack CD, Kent RW, Coughlin MJ, et al. Incidence of Lower 
Extremity Injury in the National Football League: 2015 to 
2018. Am J Sports Med 2020;48(9):2287-94.

22. Maffulli N, Oliva F, Frizziero A, et al. A. ISMuLT guide-
lines for muscle injuries. Muscles Ligaments Tendons J 
2014;3(4):241-9.

23. Mueller-Wohlfahrt HW, Haensel L, Mithoefer K, et 
al. Terminology and classification of muscle injuries in 
sport: the Munich consensus statement. Br J Sports Med 
2013;47(6):342-50.

24. Nanni G, Frizziero A, Di Miceli R, et al. Muscle Injuries: 
2020 Update of the ISMuLT Classification. Muscles liga-
ments Tendons J 2020;10 (4):562-7.

25. National Basketball Association (NBA). 10 facts to know 
from the 2020-21 NBA Roster Survey. National Basketball 
Association (NBA) 2021. Available at: https://www.nba.com/
news/10-facts-to-know-from-the-2020-21-nba-roster-survey. 
Last access date: 06/01/2021.

26. National Basketball Association (NBA). NBA Advanced 
Stats. National Basketball Association (NBA). Available at: 
https://www.nba.com/stats/players/speed-distance/. Last 
access date: 06/01/2021.

27. Okoroha KR, Conte S, Makhni EC, et al. Hamstring Inju-
ry Trends in Major and Minor League Baseball: Epide-
miological Findings From the Major League Baseball 
Health and Injury Tracking System.  Orthop J Sports Med 
2019;7(7):2325967119861064.

28. Schmitt B, Tim T, McHugh M. Hamstring injury rehabilitation 
and prevention of reinjury using lengthened state eccentric train-
ing: a new concept. Int J Sports Phys Ther 2012;7(3):333-41.

29. van der Horst N, van de Hoef S, Reurink G, Huisstede B, 
Backx F. Return to Play After Hamstring Injuries: A Qual-

https://journals.sagepub.com/doi/10.1177/0363546514529083?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://journals.sagepub.com/doi/10.1177/1941738115621011?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
http://bjsm.bmj.com/lookup/pmidlookup?view=long&pmid=27450360
http://bjsm.bmj.com/lookup/pmidlookup?view=long&pmid=30413424
https://journals.sagepub.com/doi/10.1177/23259671211004094?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.tandfonline.com/doi/full/10.1080/00913847.2021.1932634
https://journals.sagepub.com/doi/10.1177/0363546515599631?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://journals.sagepub.com/doi/10.1177/0363546505285383?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.jospt.org/doi/10.2519/jospt.2021.9305?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://journals.sagepub.com/doi/10.1177/1941738109357303?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
http://bjsm.bmj.com/lookup/pmidlookup?view=long&pmid=33547038
https://journals.sagepub.com/doi/10.1177/0363546510375544?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://linkinghub.elsevier.com/retrieve/pii/S2095-2546(17)30052-2
https://bjsm.bmj.com/lookup/pmidlookup?view=long&pmid=16855067
https://hashtagbasketball.com/nba-injury
https://bjsm.bmj.com/lookup/pmidlookup?view=long&pmid=10378073
https://linkinghub.elsevier.com/retrieve/pii/S1440-2440(09)00178-9
https://journals.sagepub.com/doi/10.1177/2325967113499130?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.kaggle.com/ghopkins/nba-injuries-2010-2018
https://journals.sagepub.com/doi/10.1177/0363546520922547?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/24596685/
http://bjsm.bmj.com/lookup/pmidlookup?view=long&pmid=23080315
http://www.mltj.online/muscle-injuries-2020-update-of-the-i-s-mu-l-t-classification/
https://www.nba.com/news/10-facts-to-know-from-the-2020-21-nba-roster-survey
https://www.nba.com/stats/players/speed-distance/
https://journals.sagepub.com/doi/10.1177/2325967119861064?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/22666648/
https://dx.doi.org/10.1007/s40279-015-0468-7
https://www.basketball-reference.com/players/


87Muscles, Ligaments and Tendons Journal 2022;12 (2)

A. EftEkhAri, C. CogAn, n. PAndyA, B. fEElEy

itative Systematic Review of Definitions and Criteria. Sports 
Med 2016;46(6):899-912. 

30. van Dyk N, Bahr R, Burnett AF, et al. A comprehen-
sive strength testing protocol offers no clinical value in 
predicting risk of hamstring injury: a prospective cohort 
study of 413 professional football players. Br J Sports Med 
2017;51(23):1695-702.

31. Vicens-Bordas J, Esteve E, Fort-Vanmeerhaeghe A, et 
al. Eccentric Hamstring Strength is Associated with Age 
and Duration of Previous Season Hamstring Injury in 
Male Soccer Players. Int J Sports Phys Ther 
2020;15(2):246-53.

32. Whiteley R, Massey A, Gabbett T, et al. Match High-Speed
Running Distances Are Often Suppressed After Return From
Hamstring Strain Injury in Professional Footballers.  Sports
Health 2021;13(3):290-5.

33. Woods C, Hawkins RD, Maltby S, et al. The Football Asso-
ciation Medical Research Programme: an audit of injuries
in professional football--analysis of hamstring injuries.  Br J
Sports Med 2004;38(1):36-41.

34. Yeh PC, Starkey C, Lombardo S, Vitti G, Kharrazi FD.
Epidemiology of isolated meniscal injury and its effect on
performance in athletes from the National Basketball Asso-
ciation. Am J Sports Med 2012;40(3):589-94.

https://dx.doi.org/10.1007/s40279-015-0468-7
https://bjsm.bmj.com/lookup/pmidlookup?view=long&pmid=28756392
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/32269858/
https://journals.sagepub.com/doi/10.1177/1941738120964456?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://bjsm.bmj.com/lookup/pmidlookup?view=long&pmid=14751943
https://journals.sagepub.com/doi/10.1177/0363546511428601?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed


88 Muscles, Ligaments and Tendons Journal 2022;12 (2)

Hamstring Injury Epidemiology in the NBA

SUPPLEMENTS

Appendix 1. Demographic data.

Age at Time of Injury (years-days) Games Missed Injury

1 24-326 9.00 Strained left hamstring

2 25-114 1.00 Left hamstring injury

3 26-002 1.00 Right hamstring injury

4 26-004 1.00 Right hamstring injury

5 22-329 6.00 Strained left hamstring

6 32-033 1.00 Tightness in hamstring

7 32-038 2.00 Sore/tight left hamstring

8 35-013 1.00 Left hamstring injury

9 32-044 6.00 Strained right hamstring

10 32-048 4.00 Strained right hamstring

11 32-063 8.00 Strained right hamstring

12 32-067 6.00 Strained right hamstring

13 21-198 1.00 Strained left hamstring

14 31-316 3.00 Strained right hamstring

15 31-131 3.00 Sore left hamstring

16 24-247 8.00 Strained left hamstring

17 25-145 5.00 Strained right hamstring

18 26-099 1.00 Hamstring injury

19 27-063 2.00 Sore right groin/hamstring

20 30-220 10.00 Left hamstring injury

21 30-252 1.00 Left hamstring injury

22 25-213 1.00 Left hamstring injury

23 27-096 1.00 Left hamstring injury

24 23-134 3.00 Right hamstring injury

25 28-097 1.00 Strained right hamstring

26 30-179 1.00 Tightness in right hamstring

27 30-326 5.00 Sore left hamstring

28 23-180 7.00 Strained left hamstring

29 27-147 24.00 Sore right hamstring

30 31-231 3.00 Strained left hamstring

31 31-238 4.00 Sore left hamstring

32 32-320 3.00 Sore left hamstring

33 33-019 2.00 Strained right hamstring

34 33-229 17.00 Strained left hamstring
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35 35-278 1.00 Right hamstring injury

36 22-147 0.00 Tightness in hamstring

37 22-079 2.00 Right hamstring injury

38 29-357 7.00 Strained left hamstring

39 22-240 22.00 Strained right hamstring

40 22-175 20.00 Strained right hamstring

41 27-159 5.00 Strained right hamstring

42 21-074 1.00 Right hamstring injury

43 25-330 2.00 Sore right hamstring

44 22-298 1.00 Strained left hamstring

45 26-085 6.00 Left hamstring injury

46 28-180 2.00 Strained right hamstring

47 21-288 3.00 Strained right hamstring

48 31-031 3.00 Right hamstring injury

49 21-362 3.00 Strained left hamstring

50 22-033 6.00 Strained left hamstring

51 22-099 2.00 Right hamstring injury

52 24-085 4.00 Strained left hamstring

53 35-234 10.00 Strained left hamstring

54 22-056 1.00 Right hamstring injury

55 28-094 3.00 Strained left hamstring

56 36-054 5.00 Strained left/right hamstring

57 26-334 1.00 Strained right hamstring

58 27-021 6.00 Left hamstring injury

59 27-040 5.00 Left hamstring injury

60 23-241 7.00 Sore/strained left hamstring

61 23-262 1.00 Sore left hamstring

62 25-249 17.00 Strained right hamstring

63 27-003 4.00 Right hamstring injury

64 27-019 5.00 Right hamstring injury

65 23-243 3.00 Left hamstring injury

66 30-265 1.00 Strained right hamstring

67 30-316 1.00 Left hamstring injury

68 31-055 2.00 Strained right hamstring

69 25-327 0.00 Strained right hamstring

70 30-270 12.00 Torn left hamstring

71 24-116 5.00 Left hamstring injury

72 20-311 7.00 Strained right hamstring

Age at Time of Injury (years-days) Games Missed Injury
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73 33-271 7.00 Strained left hamstring

74 26-137 4.00 Strained right hamstring

75 26-154 1.00 Sore/strained left hamstring

76 31-247 2.00 Left hamstring injury

77 21-015 1.00 Tightness in left hamstring

78 19-283 21.00 Strained right hamstring

79 23-142 1.00 Left hamstring injury

80 40-138 9.00 Strained left hamstring

81 23-160 4.00 Left hamstring injury

82 26-290 4.00 Strained left hamstring

83 28-114 3.00 Strained right hamstring

84 28-164 10.00 Strained right hamstring

85 28-128 7.00 Strained left hamstring

86 29-060 3.00 Strained left hamstring

87 33-185 16.00 Left hamstring injury

88 30-291 0.00 Strained right hamstring

89 21-188 1.00 Strained right hamstring

90 23-132 4.00 Strained right hamstring

91 24-152 10.00 Strained left hamstring

92 26-217 3.00 Strained right hamstring

93 28-071 17.00 Strained left hamstring

94 28-126 26.00 Strained left hamstring

95 32-185 2.00 Sore left hamstring

96 33-180 2.00 Tightness in right hamstring

97 35-201 3.00 Strained left hamstring

98 35-251 5.00 Strained left hamstring

99 36-428 1.00 Right hamstring injury

100 31-347 50.00 Sore left hamstring

101 27-040 1.00 Sore right hamstring

102 27-044 3.00 Sore right hamstring

103 28-303 17.00 Strained right hamstring

104 35-068 17.00 Strained right hamstring

105 36-189 2.00 Sore left hamstring

106 22-119 6.00 Strained left hamstring

107 26-075 6.00 Right hamstring injury

108 26-130 6.00 Strained left hamstring

109 28-320 27.00 Strained left hamstring

110 29-008 2.00 Hamstring injury

111 22-205 4.00 Right hamstring injury

112 25-041 50.00 Torn left hamstring

113 29-117 1.00 Strained left hamstring

Age at Time of Injury (years-days) Games Missed Injury
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114 29-235 6.00 Strained right hamstring

115 24-283 3.00 Tightness in right hamstring

116 27-303 1.00 Right hamstring injury

117 25-073 4.00 Sore right hamstring

118 34-118 9.00 Sore right hamstring

119 29-127 5.00 Strained left hamstring

120 32-047 3.00 Left hamstring injury

121 32-083 2.00 Right hamstring injury

122 32-085 1.00 Right hamstring injury

123 21-042 25.00 Torn right hamstring

124 26-003 2.00 Left hamstring injury

125 27-012 0.00 Left hamstring injury

126 34-324 12.00 Strained left hamstring

127 35-001 15.00 Left hamstring injury

128 31-258 1.00 Left hamstring injury

129 31-289 6.00 Right hamstring injury

130 35-329 1.00 Right hamstring injury

131 35-364 1.00 Hamstring injury

132 25-148 5.00 Sore/strained left hamstring

133 26-113 5.00 Strained right hamstring

134 24-155 1.00 Sore left hamstring

135 32-054 5.00 Left hamstring injury

136 32-068 14.00 Left hamstring injury

137 33-118 6.00 Right hamstring injury

138 33-139 1.00 Right hamstring injury

139 33-158 1.00 Right hamstring injury

140 33-167 1.00 Right hamstring injury

141 31-067 1.00 Left hamstring injury

142 31-173 2.00 Strained left hamstring

143 21-338 1.00 Left hamstring injury

144 20-237 11.00 Left hamstring injury

145 28-066 1.00 Sore left hamstring

146 28-070 11.00 Sore left hamstring

147 27-285 6.00 Sore/strained right hamstring

148 29-247 1.00 Left hamstring injury

149 29-252 9.00 Strained left hamstring

150 29-295 1.00 Strained left hamstring

151 24-093 15.00 Strained right hamstring

152 33-289 2.00 Strained left hamstring

153 33-032 6.00 Strained hamstring

Age at Time of Injury (years-days) Games Missed Injury Age at Time of Injury (years-days) Games Missed Injury
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154 25-152 2.00 Right hamstring injury

155 25-195 2.00 Sore left hamstring

156 26-151 16.00 Right hamstring injury

157 26-285 6.00 Left hamstring injury

158 27-160 1.00 Sore left hamstring

159 27-190 5.00 Strained left hamstring

160 28-079 6.00 Strained right hamstring

161 28-130 1.00 Left hamstring injury

162 28-164 1.00 Right hamstring injury

163 21-160 7.00 Strained left hamstring

164 24-042 1.00 Strained right hamstring

165 24-048 2.00 Strained/sore right hamstring

166 28-122 7.00 Strained right hamstring

167 30-190 10.00 Sore right hamstring

168 30-238 5.00 Sore/strained left hamstring

169 30-250 15.00 Sore left hamstring

170 31-269 5.00 Strained right hamstring

171 27-069 7.00 Strained left hamstring

172 27-090 8.00 Strained/tightness in left hamstring

173 30-289 9.00 Strained/tightness in left hamstring

174 27-095 3.00 Strained right hamstring

175 27-184 1.00 Right hamstring injury

176 27-242 6.00 Right hamstring injury

177 28-115 12.00 Strained right hamstring

178 26-017 1.00 Strained left hamstring

179 26-164 69.00 Surgery to repair torn left hamstring

180 24-219 1.00 Tightness in right hamstring

181 30-252 1.00 Strained right hamstring

182 29-330 1.00 Right hamstring injury

183 34-249 15.00 Strained right hamstring

184 34-316 2.00 Left hamstring injury

185 34-318 1.00 Left hamstring injury

186 31-284 73.00 Strained right hamstring

187 26-303 1.00 Left hamstring injury

188 26-323 1.00 Hamstring injury

189 27-290 3.00 Strained left hamstring

190 34-089 3.00 Sore left hamstring

191 27-058 12.00 Hamstring injury

192 27-333 3.00 Hamstring injury

193 21-115 1.00 Left hamstring injury

Age at Time of Injury (years-days) Games Missed Injury
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194 24-357 37.00 Strained left hamstring

195 32-214 9.00 Sprained left hamstring

196 23-108 10.00 Strained left hamstring

197 29-292 1.00 Right hamstring injury

198 29-098 4.00 Strained left hamstring

199 26-197 6.00 Strained right hamstring

200 29-018 4.00 Strained right hamstring

201 22-032 2.00 Strained right hamstring

202 32-029 1.00 Strained left hamstring

203 32-033 3.00 Strained left hamstring

204 32-169 2.00 Strained right hamstring

205 29-181 2.00 Sore left hamstring

206 31-159 9.00 Strained left hamstring

207 31-260 1.00 Left hamstring injury

208 32-245 1.00 Left hamstring injury

209 32-249 1.00 Left hamstring injury

210 32-254 1.00 Left hamstring injury

Appendix 2. Distribution of hamstring injuries by injury type.

Age at Time of Injury (years-days) Games Missed Injury Age at Time of Injury (years-days) Games Missed Injury
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SUMMARY
Introduction. The number of hip arthroscopies (HAs) have been greatly increased in 
the last fifteen years parallel to the diffusion of the knowledge of femoroacetabular 
impingement syndrome (FAIS). Unfortunately, outcomes of HA can be variable and 
not always satisfactory. The recognition of pre-operative factors which may negative-
ly affect the outcomes of FAIS arthroscopic treatment is therefore of primary impor-
tance. The purpose of this review article is to identify those factors. 
Methods. This review was performed in accordance with the PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. Three data-
bases (PubMed, Google Scholar, EMBASE) were searched using the following key 
words: “femur acetabular impingement”, “hip arthroscopy”, “outcome”. Studies were 
screened and data extracted in duplicate.
Results. Different pre-operative factors can negatively influence the clinical outcomes 
of HA for FAIS: older age, chondral injury, gender, bone cyst and subchondral edema, 
osteoarthritis, low preoperative Patients Reported Outcome Measurements (PROMs), 
long duration of symptoms and surgeon experience. 
Conclusions. Hip Arthroscopy is an established surgical technique for the treatment of 
FAIS. Surgeons and Patients should be aware about the negative pre-operative prog-
nostic factors before the procedure. 
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INTRODUCTION
The number of hip arthroscopies (HAs) preformed increased 
exponentially in the last fifteen years due to numerous studies 
and better comprehension of the hip biomechanics and pathol-
ogy. Different articles demonstrate the effectiveness of HA for 
the treatment of femoroacetabular impingement syndrome 
(FAIS) (1-3). However, some patients still show unsatisfac-
tory results, requiring a second arthroscopy or a total hip 
replacement (4). Predictors of outcome after HA for FAIS are 
currently under investigation. Clinical failure of primary HA 
was defined as revision hip arthroscopy or conversion to total 
hip arthroplasty (THA) rate (4), which range from 1% to 50% 
according to different authors (5-7).  In their systematic review 
of the literature, including more than 6000 patients, Harris et 
al. (8) found that the reoperation rate was 6.3% at a mean 16 
months follow-up, and that conversion to THA was the most 
common procedure. Therefore, understanding the pre-oper-
ative factors which may negatively affect the outcomes of HA 
is of primary importance. They can help surgeons to refin  
the indications for arthroscopic treatment of FAIS, to assist 
in shared decision making, and to set appropriate patient’s 
expectations. Previous studies showed that chronic preoper-
ative pain, chondral injuries and high BMI were predictive of 
clinical failure (6). Other factors are under investigation, as 
age, bone cyst, osteoarthritis and workers’ compensation, but 
results are not univocal. This review aims to report the predic-
tors of negative HA outcome, to guide the surgeon to identify 
the correct candidate to surgery, and to counsel patients on 
their expectations with regard to returning to pre-injury activ-
ities level after HA for FAIS.

MATERIALS AND METHODS 
We performed a review of 3 databases (PubMed, Google 
Scholar, EMBASE). The searching process included the 
terms “femur acetabular impingement”, “hip arthroscopy”, 
“outcome”, “failure”, “revision rate”, “total hip arthroplas-
ty”. The article research was extended from 2000 to 2020. 
The inclusion/exclusion criteria were determined a priori, 
and the abstracts were reviewed to determine the inclusion 
criteria. The inclusion criteria were English-language studies 
of all levels of evidence on humans. Particular attention was 
given to articles on FAIS arthroscopic treatment; the results 
produced were studied with visual analog scale, the modi-
fied Harris hip score, the hip range of motion (ROM), and 
clinical failure (revision hip arthroscopy rate and conver-
sion to THA rate for any reason). Exclusion criteria were 
the lack of outcomes data, radiographic studies, studies that 
included adjunct procedure such as periacetabular oste-
otomy, tenotomy, human cadaveric studies, instructional 

course lectures, review articles. In addition, the meta-analy-
sis with wide variability in patient-reported outcomes were 
not included due to impossibility of intra-study comparison 
data. The study has been performed according the interna-
tional and ethical standards of the journal.
Three authors performed the literature research (ADM, 
MGM, RL) and they assessed the articles for study eligibili-
ty. Four reviewers (AGV, ADM, MGM, RL) independently 
extracted the relevant data from the included articles, and 
the patient-related factors associated with a less favorable 
outcome following hip arthroscopy were collected. Any 
discrepancies were resolved by discussion with FR, FO and 
GP, who supervised the study. AGV, ADM wrote the review.

RESULTS
The analysis of the database with the above mentioned key 
words produced 881 results. After duplicates have been 
removed and inclusion and exclusion criteria applied, 95 
articles have been analyzed. Post-operative outcomes have 
been mainly evaluated with PROMs such as modified Harris 
Hip Scores (mHHS), Non-Arthritic Hip Score (NAHS), and 
Hip Outcome Score-Sport Specific Subscale (HOS-SSS)  
The new studies showed that HA is an effective option 
for FAIS treatment. However, the results were variable 
and often contradictory. We hypothesized that same of the 
reasons at the base of this variability could be the heteroge-
neity of cohort, the small samples and the short follow-up. 
At the same time this review highlighted different pre-op-
erative aspects that must be consider for a correct surgical 
indication as the base of a successful result. 

Age
Age influences the result of FAI surgical treatment. Previous 
observational studies reported poor results in patients older 
than 40 years. A recent study, lead on almost 2000 patient, 
highlight that improvement of pain, PROMs and the quality 
of life are significantly better in young patients under 25 years-
old than those one over 40 years-old after 2 years of follow-
up. Unexpectedly, the worse clinical outcome has observed in 
patients between 25 and 40 years-old (9). This finding could 
be related to the higher expectation of younger patients. 
Similar results have been reported also by other authors 
(10, 11). However, a recent RCT compared hip arthroscopy 
versus nonoperative management for FAIS in patients older 
than 40 years and Tönnis grades 0-2 osteoarthrosis (12). The 
authors found a greater improvement of mHHS and iHOT in 
patients treated with HA compared to physical therapy alone, 
and concluded that age over 40 years should not be consider 
a contraindication to HA and labral repair.
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A retrospective study on 106 patients, estimated the risk to 
THA conversion at 10 years follow-up, to be about 10% for 
patients younger than 40 years with a chondral injury form 
Grade 0 to II, according to Outerbridge classification
However, older age alone is not clearly considered a contrain-
dication for HA. Different Authors reported good outcomes 
in patients older than 50 years (11). Mardones et al. (13) 
reported an improvement of functional score and pain in 
87% of patients older than 60 years, at a mean follow-up of 
4.4 years. At final follow-up 75% of the patients had a mHHS 
score of 70 or higher, and did not require any treatment. The 
conversion rate to THA was 13%, and the overall failure rate 
was 25%. Perets et al. (14) reported a statistically significan  
improvement of PROMs and patient’s satisfaction in a sample 
of 94 patients older than 50 years, at minimum 5-year follow-
up.  The authors, by excluding from the study all patients 
with a Tönnis grade > 1, reported an overall survival rate of 
72.3%.  Patients who required secondary arthroscopy were 
4.3% of the sample, and 27% THA. Patients who require 
early conversion to THA usually had a joint space smaller 
than 2 mm, higher body mass index, Tönnis grade greater 
than 1, smaller lateral center-edge angle, and higher percent-
age of Outerbridge grade 2 or higher on both the femoral and 
acetabular sides of the hip joint (15, 16). 
In conclusion, age should not be considered a contraindi-
cation for HA per se. Although age and joint space narrow-
ing are often correlated, significant improvement of pain 
and functional score have been reported in patients over 50 
years old with no signs of advanced osteoarthritis. Different 
authors consider HA a reasonable option in well selected 
cases, but all patients should be counseled before surgery on 
the possibility of the conversion to THA.

Chondral injuries 
FAIS is usually associated with chondral injuries, which can 
negatively affect the outcome of HA (figure 1). Although 
chondral damage is commonly observed during hip arthros-
copy, the treatment is still controversial. Several strategies have 
been attempted to restore cartilage defects, in particular in 
active patients, but none of the treatments seems to be effec-
tive in case of large chondral defects, at middle and long-term. 
Chondral injuries and the need to perform acetabular 
microfractures have been reported to be predictive of the 
progression to HA revision and THA by many Authors, 
compared to patients without chondral damage (R.R 2.15 
for HA revision rate; R.R. 2.86 for THA) (17-19). 
Recently, Kester et al. (20) reported a revision rate and 
conversion to THA, at 4 years follow-up, respectively of 24% 
and 18%, in a cohort of 38 consecutive patients with Outer-
bridge grade 3 and 4 chondral lesions treated arthroscopically 
through microfractures. Although the postoperatory PROMs 

were significantly improved, the failure rate resulted higher 
compared to recent studies involving patients without chon-
dral defects. Furthermore, the authors compared the same 
cohort of patients to a matched group with grade III-IV chon-
dral lesion treated without microfractures reporting poorer 
results and higher conversion to THA rate for patients who 
received microfractures. Sogbein et al. (21) recently reported 
that evidence of chondromalacia and intra-articular damage 
are predictors of poor surgical outcomes.
An important limitation of literature is that different classific -
tion systems are used to describe the chondral injury, making 
difficult to compare the outcomes of different studies (table I). 
In conclusion, although patients could take advantage by 
hip arthroscopy, the worsening of clinical results is directly 
proportional to the gravity of chondral injuries.

Figure 1. Acetabular chondral injury (Grade IV according to 
Beck’s classification).

Table I. Classification of chondral injury of the hip.

Classification of International Cartilage Repair Society (ICRS)
Grade 0: no injury
Grade I: cartilage almost healthy
Grade II: macroscopic chondral alterations
Grade III: partial loosening of cartilage
Grade IV: complete exposition of subchondral bone

Beck’s Classification
Grade 0: no injury
Grade I:  fibrillar cartilag
Grade II: acetabular wave sign of carpet phenomenon 
associated with cartilage close to normal
Grade III: cartilage separation, bruised edge, reduction, fla
Grade IV: complete exposition of subchondral bone

Osteoarthrosis
The osteoarthrosis (OA) is recognized as a negative predic-
tive factor, and it negatively affects improvements in pain 
and function after arthroscopy (22). OA and increased age 
are the most cited predictors for poor clinical outcomes and 
conversion to THA (23). Many authors consider contraindi-
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cations for hip arthroscopy a joint space smaller than 2 mm, 
and a Tönnis grade equal or greater than 2 (figure 2) (24-26).  

Larson et al. (26) reported improvement of PROMs and lower 
failure rate compared to patients with an advanced joint space 
narrowing (33 vs 82% of failure rate). Patients with mild OA 
(Tönnis grade 1) are almost 3 times more likely to have infe-
rior clinical outcomes compared to patients with a Tönnis 0. 
Nevertheless, Tönnis grade 1 is not a widely accepted contra-
indication to arthroscopic treatment of FAIS, regardless of the 
age (4, 27). Notwithstanding, within a young athletes popu-
lation comparative analysis, successful outcomes have been 
reported in patients undergoing HA for FAIS with Tönnis 
grade 2, without statistically significant difference from the 
control group of patients with Tönnis grade 0 and 1 (28). 

Worthy of mention are the moderate intraobserver and poor 
interobserver reliability of the Tönnis classification (29). The 
drawbacks and limitations of this classification should advocate 
a controversy about its usefulness in pre-operative screening. 
In conclusion, hip OA with a Tönnis grade equal or higher 
than 2, or a residual joint space smaller than 2 mm can be 
considered a contraindication for HA. 

Subchondral cysts - Bone marrow edema
Subchondral cysts are relatively common pathologies 
(figure 3), which can be observed in about 16% of patients 
at the MRI (30). These lesions have been associated with 
severe chondral injury (Outerbridge Grade III and IV), 
and are considered a sign of early OA, despite they can 
be observed also in asymptomatic patients. To date, there 
is not uniform consensus in literature, as some Authors 
consider the presence of subchondral cysts a contrain-
dication for HA, while others did not find a significan  
correlation between cysts and early clinical failure. Recent-
ly, Hardigan et al. (31) reported a higher rate of THA 
conversion, in 65 patients undergoing HA, with preoper-
ative MRI evidence of subchondral cysts. However, within 
the 80% survival rate at > 2-year, the authors reported a 
significant improvement in postoperative PROMs even in 
this population. Furthermore, no correlation between the 
presence of the cyst and intraoperative high grade chon-
dral defect has been found. Probably the heterogeneity of 
these results is due to the different characteristics of these 
lesions, the location, and if there are symptomatic.   

Figure 2. Tönnis Classification: (A) Grade 0 no arthrosis. (B) 
Grade 1: slight narrowing of the joint space, slight lipping 
at the joint margin, slight sclerosis of the femoral head or 
acetabulum. (C) Grade 2: presence of small bony cysts, further 
narrowing of the joint space, moderate loss of femoral head 
sphericity. (D) Grade 3: s large cysts, severe narrowing of the 
joint space, severe femoral head deformity, avascular necrosis.

Figure 3. Isolated acetabular subcondral cyst.

When subchondral cysts are associated with bone marrow 
edema, the agreement among authors is stronger (figure 
4). Krych et al. (32) showed that the association between 
chondral lesions, subchondral cyst and bone edema will 
worsen the clinical outcome when compared with patients 
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without subchondral cyst. According to the Authors, 91% 
of the patients with subchondral edema had an acetabu-
lar chondral injury of grade IV (Outerbridge) as patients 
presenting a single cyst > 5 mm.
In conclusion, with evidence of subchondral cysts and 
edema on preoperative MRI, HA should be approached 
with caution.

Gender
There is no scientific consensus in literature about the infl -
ence of gender on outcomes. Philippon et al. (33) reported 
that young female had worse clinical outcomes than males, 
with higher risk of revision hip arthroscopy. A large retro-
spective study, showed that although male patients usual-
ly have more serious acetabular cartilage lesions and larg-
er labral tears at the time of surgery, the risk of requiring 
conversion to THA is 1.68-fold greater for female patients. 
In contrast, Mullins et al. (34) reported no differences 
between male and female patients in competitive athletes 
with respect to outcome scores. 
Different Authors have tried to explain the discrepan-
cy in clinical outcomes among gender. Sexual hormone 
may play a role in the arising of symptoms and postop-
erative compliances (33). Yeung et al. (35) demonstrated 
that hip instability was more common in female popula-
tion after hip arthroscopy. Females tend to have smaller 
alpha angles, greater femoral and acetabular anteversion, 
and have lower center edge angles than males. There-

fore, poorer results could be related to different anatomy 
of the pelvis, the increasing incidence of pincer, border-
line hip dysplasia and micro-instability in female popula-
tion. However, the biomechanics has not been definitivel  
established, and a significant difference in outcome scores 
has not been reported yet, although men are more inclined 
than women to coming back to sport (9). 
The hypothesis that female gender is associated with poor-
er outcomes after hip arthroscopy compared to male, is still 
controversial. Currently, more females undergo hip arthros-
copy in the United States than males, with significan -
ly greater preoperative disability and lower PROMs than 
males (36). However, the same results are not reported in 
other long-term studies. 

BMI
High body mass index (BMI) has been proposed to affect 
unfavorably clinical outcomes with increased risk of HA 
failure. Two Authors compared post-operatory outcomes 
between obese and normal weigh patients. Both of their 
studies showed short-term (2.5 years) clinical outcome 
improvements after HA but with lower overall PROMs 
scores. The clinical failure of primary HA was higher in 
the obese patients (O.R 4.7 and 2.2 for revision arthrosco-
py and conversion to THA respectively). When compar-
ing other complications between the groups, no significan  
differences have been found. 
A large study involving more than 3,900 patients have been 
performed to identify a definitive association between BMI 
and clinical outcomes. The Statewide Planning and Research 
Cooperative System (SPARCS) database study in New 
York, showed that obese patients have a risk to conversion 
to THA 5 times greater than patient with normal BMI (37).
Unfortunately, there is a lack of evidence in literature 
regarding obesity and HA, and several confounding vari-
ables associated with higher BMI, as socioeconomic 
factors, sedentary lifestyle and comorbidities have been 
found. For example, diabetes, which is more common in 
obese population, have been reported to be an important 
risk factor for short and long term complications after HA, 
also affecting postoperative outcomes (38).  

Duration of symptoms
The preoperative duration of symptoms (PDS) has been 
suggested to affect negatively clinical results. These 
include hip pain during active and passive mobilization of 
the hip, limitations of daily activities and decreased ROM 
Longer duration of preoperative symptoms may predis-
pose patients to worse clinical outcomes and less signifi-
cant improvement after HA (39).

Figure 4. Acetabular chondral injury associated with bone 
edema.
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Aprato et al. (40) reported significantly better outcomes for 
patients who underwent HA for FAIS within six months 
from symptom onset compared with those who waited 
longer. Patients who had symptoms for over 3 years by the 
time of surgery, had a significantly poorer result and high-
er HA revision rate. Therefore, the Authors recommend 
that patients with FAIS diagnosis should undergo hip 
arthroscopic surgery within six months of symptom onset.
Another study, of Kunze et al. (39), included two homog-
enous cohorts of 310 patients: 190 with DPS < 2 years 
and 120 with DPS > 2 years. They demonstrated that 
the patients with PDS of 2 or more years had inferior 
outcomes and a lower significant improvement than the 
control group, at 5 years of follow up. However, they did 
not find a statistically significant correlation with revision 
HA (41). Furthermore, better outcomes may be achieved 
when patients undergo HA between 3 to 6 months from 
symptoms onset (40). A delayed treatment is consid-
ered a negative prognostic factor, because the repetitive 
edge loading may lead a labral intrasubstance degenera-
tion and tears, chondrolabral delamination, and conver-
sion to THA. 

Preoperative PROMs
The severity of preoperative symptoms may influence the 
clinical outcome after HA. Preoperative PROMs have 
been proposed as a predictive factor of the final results. 
Different PROMs are available in literature for hip evalu-
ation. The most appropriate and utilized PROMs for HA 
assessment are NAHS, iHOT-33, iHOT-12, HOOS, HOS, 
and HAGOS (42). 
A prospective study of 1,038 patients by Domb et al. (43) 
demonstrated that preoperative NAHS positively correlat-
ed with postoperative measurement, meaning that the 
better the score before surgery, the better the score at 
final follow-up (2 years). A study including more than 900 
patients found that lower preoperative iHOT-12 scores 
and longer duration of symptoms were predictive of poor-
er outcome at 2 years follow-up (4).
Patient’s expectation and activity level may influence both 
preoperative and postoperative PROMs. Better outcomes 
expectations in athletic populations may be due to moti-
vational differences and younger age between the groups 
(44). The WHOQOL-BREF (World Health Organization 
Quality of Life) have been proposed to assess the outcome 
of HA surgery (45). The WHOQOL is a quality-of-life 
assessment developed by the WHOQOL Group, which 
comprehensive appraise mental state and patients’ percep-
tions of quality of life. 
Workers’ compensation may also negatively affect PROMs, 
both preoperative and postoperative. Nevertheless, 

patients with workers’ compensation, even showing lower 
overall PROMs scores (20 points poorer), benefited from 
HA reaching the minimal clinically important difference 
(45, 46).  While patient expectations may be adjusted on 
a case-by-case basis, Chala et al. (47) suggested that there 
are no significant correlations between high expectation 
scores and preoperative or postoperative PROs or patient 
satisfaction using mHHS, HOS-ADL and VAS scores.

Surgeon’s experience 
The experience of the surgeon can be considered a preop-
erative factor. A relevant outcome improvement is expect-
ed after 30 hip arthroscopies, even if it must be demon-
strated how the surgical experience could affect the fina  
results (48).

DISCUSSION 
Hip arthroscopy is a surgical procedure rutinary 
performed in many highly specialized hip surgical centers, 
and FAIS is the primary indication. The increasing inter-
est is strictly connected to the concomitant improvement 
of FAIS knowledge and surgical techniques (49). HA is 
considered an effective and safe procedure and literature 
reports successful outcomes and high rate of return-to-
sport. A progressive spreading of this surgical procedures 
as a widening of its indications have been recorded in the 
last fifteen years. The increased number of HA allowed to 
define also HA failure rate, defined as the need of revision 
hip arthroscopy or conversion to THA. Unfortunately, the 
relative paucity of long-term follow-up studies, the long-
term outcomes are still not clear. Therefore, understanding 
the reasons which may be responsible of poor outcomes, 
may help surgeons to refine the indications for arthroscop-
ic treatment of FAIS, to assist the patient-shared decision 
making, and to set appropriate expectations (table II). The 
rates of revision HA at 10 years follow-up ranged from 2% 
to 20.9%, and of conversion to THA from 2.5% to 32%, 
according to our reviewed studies (23, 50).
The age of the patient is a debated topic. Poorer results 
have been reported in patients older than 35 years, which 
is consider a predictor for an unsuccessful surgery by many 
Authors. However, older age is not considered a contrain-
dication for HA by itself, although advanced age cannot 
be completely untied from underlying chondral damage 
and osteoarthrosis. Recent systematic reviews of litera-
ture concluded that OA is a recognized deleterious factor 
in HA, and that a Tönnis grade >1 increase significantl  
the clinical failure rate (21). However, HA can be consid-
ered a reasonable option in well selected over 50 years old 
patients, with preserved joint space and few sign of hip 
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osteoarthritis (Tonnis grade I or lower), or for informed 
active patients who refuse a reconstructive surgery. None-
theless each case should be strongly counseled before 
surgery on the further possible prospect of THA conver-
sion. Femoral acetabular impingement is usually associat-
ed with chondral injuries or defects, which may negatively 
affect the outcome of HA. Many Authors agree that chon-
dral damage is a predictor of poor surgical outcomes, and 
patients should be informed about the higher rate of clini-
cal failure in these cases. 
The presence of subchondral cysts is not an absolute 
contraindication for HA, but when bone edema is associ-
ated, clinical outcomes are significantly poore .   
Poorer outcomes have been reported in female patients 
compared to male. This difference may be due to liga-
mentous hyperlaxity and a smaller alpha angle, a greater 
femoral and acetabular anteversion, and a lower center 
edge angles of female patients compared to males, which 
are suggestive of borderline dysplasia. Physician should be 
aware of atypical locations of cam lesions, borderline hip 
dysplasia, or ligamentous laxity, which could all contribute 
to poorer outcomes. 
High BMI is a negative prognostic factor at short 
and middle-term follow-up, with higher rate of THA 
conversion (22).
The best HA timing for is still matter of debate. Recent 
studies showed that longer duration of symptoms may 
result in poorer patient outcomes at medium- and long-
term follow-up. Better clinical outcomes have been 
reported when FAIS is treated arthroscopically within six 

months from the symptom onset. Furthermore, although 
both HA and personalized hip therapy improved hip-re-
lated quality of life for patients with FAIS, HA led to a 
greater improvement than conservative treatment (3). 
These results emphasize the importance of early and accu-
rate diagnosis of intraarticular hip pathology, and that 
conservative treatment should be limited to a period of no 
more than 6 months from symptoms onset. Furthermore, 
lower preoperative PROMs have been related to poorer 
postoperative outcome. By this meaning, poorer preop-
erative conditions may be related to greater intra-articu-
lar damage, longer duration of symptoms, and age, which 
are both negative prognostic factors. For the same reason 
the real influence of low preoperative scores itself, is diffi-
cult to define. These findings should emphasize the impor-
tance of PROMs and the benefit in objectively recording 
the preoperative scores of our patients. 

CONCLUSIONS
Hip arthroscopy is a safe and effective treatment for 
patients affected by FAIS, with a satisfaction rate close to 
75%. However, these results are variable and sometime 
contradictory in literature. Unfortunately, there are main-
ly low-level evidence studies in small patient cohorts with 
short follow-up. Certain aspects such as chondral injury, 
osteoarthrosis, subchondral bone edema, high BMI are 
currently considered negative prognostic factors. Other 
factors as gender, isolated subchondral cysts, duration 
of symptoms and preoperative PROMs may negatively 

Table II. Negative predictive factors for hip arthroscopy.

Statistically significant Level of evidence May affect Level of evidence
Chondral injury both on 
acetabulum and femoral 
head (Grade III-IV ICRS)

Lev. IV (17-19) Age Lev. I (13)
Lev. IV (9, 10, 12-15)

Osteoarthrosis (Tonnis 
scale ≥ 2)

Lev. I (11)
Lev. III (25)
Lev IV (15, 26, 28)

Female gender Lev. I (36)
Lev. IV (33, 34)

Articular joint 
space < 2 mm

Lev. I (11)
Lev. IV (12, 13)

Duration of Symptoms Lev. III (39-41)

Subchondral edema Lev. III (32)
Lev. IV (31)

Acetabular bone cysts Lev. III (32)
Lev. IV (31)

High BMI Lev. III (37, 38) Poor preoperative PROMs Lev. I (36)
Lev. III (40, 44, 47)

Working compensation Lev. II (46)
Lev. III (45)

Patient’s expectations Lev. III (47)

Expercience of the Surgeon Lev. II (48)
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affect the postoperative outcome scores. All these preop-
erative factors should be considered when arthroscopic 
treatment of FAIS is indicated. We hope that our study 
may help surgeons to improve their patient selection and 
expectations. 
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SUMMARY
Background. Frozen shoulder is a widespread concern having an unknown etiology. 
Management mainly aims at restoring function and treating symptoms. The choice 
of treatment may differ based on patient variables, stage of presentation, priorities of 
clinicians, and funding. No robust evidence exists to endorse one treatment modality 
over another in a conclusive way. Therefore, we performed a systematic review of the 
conservative therapeutic options for the frozen shoulder.
Materials and methods. A wide range of electronic bibliographic databases such 
as PubMed, Embase, and ERIC was searched. Based on the eligibility criteria, all 
randomized controlled trials that compared the efficacy of any type of non-surgical or 
conservative management from 2010 to 2020 are incorporated in the review. Following 
screening and assessing the abstracts, we ended up reviewing 12 full-text articles and 
data extracted on essential parameters such as sample size, type of non-surgical treat-
ment, time of follow-up, and primary outcomes.
Results. Overall, the systematic review results seem promising for the efficacy of 
different non-surgical modalities. They improve multiple outcomes such a pain, range 
of motion, Constant-Murley score, simple Shoulder Test, Shoulder Pain, Disability 
Index, and patient satisfaction. Nonsurgical management is the preferred initial care 
option, with most patients typically improving within 6 to 18 months. Steroids, phys-
iotherapies, hydrodilatation with hypertonic saline, suprascapular nerve block (SNB), 
Extracorporeal shockwave therapy, and intra-articular steroid or sodium hyaluronate 
injections are conservative treatment choices.
Conclusions. Treatment of frozen shoulder remains a challenge, and high-level conclu-
sive evidence is needed to recommend one treatment method over another. The results 
of this systematic review showed that nonsurgical management, regardless of the 
preferred treatment option, is beneficial and effective in the treatment of frozen shoul-
der, and that can guide clinicians in making evidence-based decisions when managing 
this condition conservatively. This will avoid unnecessary burdens on the healthcare 
system and patients, as they might be treated effectively without undergoing surgery.

KEY WORDS
Frozen shoulder; conservative treatment; shoulder stiffness; systematic review; 
shoulder pain.
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INTRODUCTION
In general practice, frozen shoulder is a common concern, and 
its frequency is estimated to be 2 to 5 percent (1, 2). It usually 
affects the non-dominant extremity, but bilateral involvement 
has been reported in up to 40 % (3). The cause of frozen shoul-

der and its pathogenesis is unknown. Still, diabetic patients, 
patients with thyroid disease, cardiovascular disease, autoim-
mune disease, and paralysis have been shown to be susceptible 
to this disorder (4-8). Patients usually present with painful and 
limited shoulder movements, which can lead to severe disabil-
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ity (9). Although the etiology of primary frozen shoulder is not 
yet fully understood, histological studies have shown a thick, 
tight capsule with chronic inflammatory cells and fibroblast  
located in the joint capsule (10). In addition, fibroblasts have a 
functional phenotype correlated with cytokine dysregulation, 
suggesting an autoimmune etiology (11, 12). 
Frozen shoulder progresses through 3 overlapping phases 
(2). The first phase is the freezing phase, which lasts from 
2 to 9 months, the shoulder becomes increasingly painful 
with a gradual reduction in the range of motion (2). Follow-
ing this, the frozen phase in which pain is decreased but the 
stiffness remains, and it can last from 4 to 12 months (2). 
Finally, the thawing phase, during which a slow but gradual 
improvement in the shoulder’s mobility is observed and can 
take up to 5 to 24 months (2). Although the frozen shoul-
der is primarily considered a self-limiting disorder, complete 
resolution of symptoms does not occur all the time (13). 
Hand et al. found that only 59 percent of patients returned 
to their normal condition after four years. Persistent symp-
toms, however, are usually moderate (1). Care is aimed at 
restoring function and treating symptoms (14). Treatment 
choice may differ depending on patient variables, stage of 
presentation, clinician priorities, and local policies or fund-
ing (14). Nonsurgical management, with most patients usual-
ly improving within 6 to 18 months, is generally the preferred 
initial care option (7).
Conservative treatment choices include analgesics, oral 
steroids, physical therapies, hydrodilatation, suprascapu-
lar nerve block (SNB), and intra-articular steroid or sodium 
hyaluronate injections (15 16). Surgical intervention is usually 
considered without significant improvement in the patient’s 
complaint despite adherence to a conventional treatment 
regimen (15). There is no consensus or high-level evidence 
to support one treatment modality over another conclusive-
ly, which is necessary for clinicians to make informed deci-
sions in their practical lives (17). Therefore, this study aims 
to assess the effectiveness of the different non-surgical treat-
ment options available for managing frozen shoulder utiliz-
ing results from randomized controlled trials.

MATERIALS AND METHODS
We performed a systematic review to evaluate, synthesize, 
and combine the existing evidence on the outcome regard-
ing non-surgical treatment options for frozen shoulder.  We 
used the PRISMA guidelines to undertake this systematic 
review (18). We used the PICOT algorithm to undertake 
the search. These search items are grouped according to 
PICOS criteria (19): 
1. population (patients with frozen shoulder);
2. intervention (non-surgical management);

3. comparison group (other than non-surgical management);
4. outcome (efficacy and safety of treatment);
5. setting (both high and low-middle income countries) (19).

Inclusion and exclusion criteria
To answer the study question, the study’s eligibility was contin-
gent for inclusion if a research study evaluated the effective-
ness of non-surgical treatment modalities for managing frozen 
shoulder, published in English from 2010 to 2020 across differ-
ent regions of the world. Additionally, only studies random-
ized controlled trials (RCTs) were included. Cross-sectional, 
qualitative, or any other observational studies were excluded, 
and studies without full text were also eliminated. All stud-
ies consisting of opinions, criticisms of older research studies, 
and editorials were not included, but rather studies comparing 
the efficac , safety, and effectiveness of non-surgical treatment 
options and their full texts have been reviewed.

Sources of information and search strategy for 
relevant articles
A systematic search of published articles was started 
and completed in 2021. We searched databases such as 
PubMed, Embase, and ERIC. We explored references of 
relevant reviews along with the database searches. An inde-
pendent investigation was carried out by two authors who 
also scanned the results for potentially appropriate studies, 
followed by retrieving the full-text articles. The primary 
endpoint of the review was the efficacy and safety of avail-
able conservative treatment options available for frozen 
shoulder, which was resulted in improvement in pain, 
range of motion, scoring using different questionnaires, and 
patient satisfaction. We pre-piloted the search strategies 
without any restrictions by year of publication, geographic 
area, or other socio‐demographic characteristics.
We identified a blend of Medical Subject Heading (MeSH) 
keywords and text words. We clustered these into four major 
groups based on population, intervention, outcome, and 
settings. The most general search terms found in abstracts and 
titles comprised “non-surgical treatment and frozen shoul-
der”, “conservative treatment and frozen shoulder”, “pharma-
cological treatment modalities and frozen shoulder”, “treat-
ment modalities and frozen shoulder”. Further, we consulted 
with a librarian to generate a search in four different parts. The 
first part was restricted to search terms specific to the primary 
outcome, such as “efficacy and safety of treatment options”, 
the second part was for the terms limited to the frozen shoul-
der, including “Pain or stiffness in the frozen shoulder”; the 
third part was related to the terminology relevant for treat-
ment options “conservative or non-surgical”, and the last term 
was associated with the type of treatment such as exercise vs 
some oral medication “type of non-surgical treatment”.
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In addition, we also considered using diverse wordings of main 
concepts such as frozen shoulder, adhesive capsulitis, and its 
management to obtain relevant research papers. This was 
followed by combining these major concepts using combina-
tions (AND, OR) relevant to the research question. Moreover, 
we also used truncation (*) with the same root word to detect 
more research articles. We used truncation to make sure to 
retrieve all potential variants of search terms. However, we 
also applied search limits or filters on the language (English) 
and applied restrictions on publication period, age group, and 
type of studies to include eligible studies in the search.

Data abstraction
We imported all relevant research studies into the refer-
ence manager software (EndnoteTM) file, where each study 
was reviewed, and we also screened titles for duplicates in 
this software. We did not consider the abstracts for further 
review, which did not explicitly explore the study objec-
tive. Finally, we obtained and examined the full-text arti-
cles of the remaining relevant articles. This was followed by 
abstracting and summarizing the articles that met the eligi-
bility criteria using a standardized proforma. Thus, after the 
process of removing duplicates, title, and abstract screen-
ing, we removed papers that were beyond the scope of this 
review as guided by inclusion criteria. Besides, the bibliogra-
phy of the remaining studies was also verified and examined 
to evade missing any valuable studies. The reviewers carried 
out this process of searching the articles independently, and 
their judgments and extracted summaries were matched to 
identify the differences and resolve these accordingly.
Independent reviewers filled a standardized data extraction 
sheet for the eligible research articles. The reviewers 
compared the data extraction tables to ensure including the 
imperative findings of the eligible studies and pilot tested 
the data extraction sheet before starting the data extraction 
process. Furthermore, prevailing research articles on the 
chosen topic were reviewed to describe the data extraction 
proforma objects. Any discrepancies between the two 
reviewers were solved by agreement between the two review-
ers. The abstracted data comprised of the author, reference, 
year of publication, type of study design, total study size or 
population, average age with range for age, gender, surgical 
group (with or without closure), rate of recurrence, signifi-
cant study findings, and conclusion of the stud .

RESULTS

Findings of the search strategy
We screened the identified articles initially by titles, then 
by abstracts, and finall , we carried out a full-text articles 

assessment. Our initial search identified 1525 citations in 
different databases; however, 25 articles were duplicat-
ed and removed. Of the remaining 1500 unique studies, 
we reviewed titles and abstracts and found 1232 relevant 
abstracts. Upon reviewing abstracts, 249 articles did not 
meet the eligibility criteria while reviewing the abstracts, 
and seven did not meet eligibility after reviewing full texts. 
Hence, we retrieved full texts for 12 articles, which were 
incorporated in the review as shown in figure 1.

Figure 1. Flow chart summarizing the identification and selec-
tion of papers for systematic review.

Characteristics of the eligible studies
In respect to the study design, all these studies were 
randomized controlled trials (RCTs). The sample size of 
all included research studies ranged between 18 to 121, 
with a similar distribution among patients randomized to 
different non-surgical treatment modalities. One study was 
performed in 2010, 2012, and 2013, four in 2014, three 
in 2015, and 2 were conducted in 2016, as illustrated 
in table I.

Findings from randomized controlled 
trials (RCTs)
Almost all the RCTs included in this systematic review 
revealed positive effects of different conservative and 
non-surgical strategies to manage frozen shoulder. For 
example, a study conducted by Aijaz Ali et al. in 2015 on 



107Muscles, Ligaments and Tendons Journal 2022;12 (2)

W. Albishi, K. MurAd, A. AlAseeM, et. Al.

44 subjects assessed the efficacy of exercise and manual 
therapy compared to exercise only (20). The authors found 
that exercise and manual therapy are more beneficial for 
managing frozen shoulder than exercise alone (20). Like-
wise, another study conducted by Bae et al. in South Korea 

on 64 patients compared injections using the anterior meth-
od using 2 percent lidocaine, contrast dye, triamcinolone, 
and normal saline under the guidance of fluoroscope with 
an injection applying a posterolateral method with 2 percent 
lidocaine, triamcinolone, and normal saline under the 

Table I. Characteristics of the included studies with their settings and types of groups (n = 11). 

Study name Year Country Sample size Group 1 Group 2 Group 3 
Aijaz Ali 
et al. (20)

2015 Karachi, Pakistan 44 Exercise and 
manual therapy

Only Exercise NA

 Bae et al. (21) 2014 South Korea 64 patients were given 
injections using an 
anterior method with 2% 
lidocaine (5 mL), contrast 
dye (5 mL), triamcinolone 
(40 mg), and normal 
saline (9 mL) under 
guidance fluoroscope

patients were 
injected utilizing a 
posterolateral method 
with 2% lidocaine (5 
mL), triamcinolone 
(40 mg), and normal 
saline (14 mL) under 
guidance of ultrasound

NA

Balci et al. (22) 2016 Turkey 53 Scapular proprioceptive 
neuromuscular 
assistance exercises and 
physical therapy

traditional exercise and 
physical therapy

Only 
physical therapy

Çelik et al. (23) 2015 Turkey 30 Combined mobilization 
and stretching exercises

Only stretching 
exercises 

NA

Lee et al. (24) 2015 South Korea 81 hydrodilatation with 
hypertonic saline 
(3% NaCl) and 4 ml 
lidocaine (1%) and 1 
ml triamcinolone (10 
mg) under guidance of 
ultrasound. 

hydrodilatation with 
hypertonic saline 
(0.9% NaCl) and 4 ml 
of lidocaine (1%) and 
1 ml triamcinolone (10 
mg) under guidance of 
ultrasound. 

NA

Lorbach 
et al. (25)

2010 Germany 40 oral corticoid 
treatment regimen

3 intra-articular 
injections of 
corticosteroids

NA

Tsan Wu 
et al. (27)

2014 Taiwan, 
Republic of China.

60 12 weeks of physical 
therapy after pulsed 
radiofrequency 
lesioning of the 
suprascapular nerve 

Physiotherapy only NR

Kwak et al (28) 2016 South Korea 121 hydraulic distension along 
with manual therapy

Only hydraulic 
distension

NR

Vahdatpour 
et al. (29)

2014 Iran 40 Extracorporeal 
shockwave therapy 
(ESWT) one every week 
for one month 

Sham shockwave 
therapy one every week 
for one month

NR

Schydlowsky 
et al. (30)

2012 Denmark 18 adalimumab injections 
subcutaneously 

Intraarticular 
glucocorticoid 
injections 

NR

Ohta et al. (31) 2014 Japan 70 Celecoxib (100 mg/dose, 
two times every day)

loxoprofen 60 mg/
dose, three times daily) 

NR

Russel et al. (32) 2013 UK 75 group exercise class individual 
physiotherapy

home 
exercises alone
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control of ultrasound (21). The authors did not obtain any 
statistically substantial variation between the two treatment 
modalities because they improved the primary outcomes, as 
shown in table II (21).
Another RCT was conducted in 2016 by Balci et al. on 
53 patients who were randomized to combined scapu-
lar proprioceptive neuromuscular assistance exercises and 
physical therapy or only traditional exercises and physical 
therapy (22). The authors found an identical benefit of these 
two non-surgical modalities concerning pain on the visual 

analog scale (VAS) and passive range of motions (PROM), 
as illustrated in table II (22).
Ceilk et al. randomized 30 patients either for combined 
mobilization and stretching exercises or only for stretch-
ing exercises and found that combined mobilization and 
stretching exercises outperformed stretching exercises 
alone with improvement in pain on VAS, PROM, and other 
outcomes during follow-up (23). Additionally, another RCT 
was conducted by Lee et al. in South Korea on 81 patients to 
assess the efficacy of hydrodilatation with hypertonic saline 

Table II. Summary of main findings regarding efficacy of non-surgical treatment to manage frozen shoulder (n = 11). 

Study name Year Timing of 
assessments 

Primary outcome Main findings Summary of findings 

Aijaz Ali 
et al. (20)

2015 Baseline and 
five week

Pain visual analogue 
scale (VAS), 
range of motion, 
Shoulder Pain and 
Disability Index

Within-group 
considerable 
improvements in all 
outcomes (P = 0.05).
Intra-group analysis 
revealed no meaningful 
difference between 2 arms 
(P > 0.05).

Exercises with manual 
therapy and only exercises are 
equally efficacious to manage
frozen shoulder

 Bae et al. (21) 2014  Baseline, 
one, five, and
nine weeks

Shoulder Pain and 
Disability Index 
(SPADI), range of 
motion and power 
and grip of hand 

No differences were 
found between 
two groups in the 
measured outcomes 

Ultrasound guided capsular 
distension using posterolateral 
technique has identical 
outcomes to fluoroscopy
guided capsular distension 
using an anterior technique.

Balci et al. (22) 2016 At baseline and 
after session 

VAS, Lateral 
Scapular Slide Test, 
passive range of 
motion (PROM), 
and simple 
shoulder test 

There were no statistically 
significant differences
were found between 
three groups 

No added advantage of 
exercises than physical 
therapy. Scapular exercises 
are recommended as an 
effective treatment regime 
for shoulder rehabilitation in 
frozen shoulder 

Çelik et al. (23) 2015 At baseline, 
six weeks after 
intervention, 
and at 1 year

Arm, shoulder, and 
hand disabilities 
score and constant 
score. Secondary 
outcomes: pain on 
VAS, and PROM.

Substantial upsurges 
in abduction, external 
rotation and Constant 
score was noted at end 
of one year in the group 
assigned to combined 
mobilization and 
stretching exercise group

Combined mobilization and 
stretching exercises are better 
than only stretching exercises to 
manage frozen shoulder. 

Lee et al. (24) 2015 SPADI and PROM The group assigned to 
hypertonic saline revealed 
meaningful progress in 
shoulder PROM and 
SPADI score as opposed 
to the group assigned to 
normal saline with less 
side effects 

Hypertonic saline solution 
is useful than normal 
saline solution to manage 
frozen shoulder 
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Lorbach 
et al. (25)

2010 Baseline, four, 
eight, and 
twelve weeks, 
and six and 
twelve months

Constant-Murley 
score, Simple 
Shoulder Test and 
VAS, function, and 
patient’s satisfaction

 Among those who 
were treated with 
oral glucocorticoids, 
substantial improvements 
were seen in Constant-
Murley score (P < .0001), 
Simple Shoulder Test 
(P = .035), visual pain 
analog scales (P < .0001), 
and ROM (P < .05) at 
the end of one month. 
The patients who were 
given intra-articular 
glucocorticoid injections 
also showed significant
improvement in the 
Constant-Murley score (P 
< .0001), simple shoulder 
test (P < .0001), the visual 
analog scale (P < .0001), 
and range of motion 
(P < .05) at the end of 
one month 

The application of cortisone is 
helpful in managing the pain 
and improves range of motion. 
Intra-articular glucocorticoids 
injections were found to be 
superior as opposed to the 
oral corticosteroids to manage 
frozen shoulder. 

Tsan Wu 
et al. (27)

2014 Baseline, one, two 
and three months 
after treatment 

VAS, pain in 
shoulder and 
SPADI, and PROM

Patients who were 
randomized to physical 
therapy after pulsed 
radiofrequency lesioning 
of the suprascapular 
nerve had remarkably 
shorter time to beginning 
of substantial pain 
relief (P < 0.001) and 
perceptible decrease of 
VAS score after one week 
(P < 0.001). The VAS, 
SPADI and PROM also 
improved after physical 
therapy after pulsed 
radiofrequency lesioning 
of the suprascapular nerve 

The use of physical therapy 
after pulsed radiofrequency 
lesioning of the suprascapular 
nerve can relieve the pain 
quickly and decrease SPADI, 
and improve PROM as 
opposed to physiotherapy

Kwak et al. (28) 2016 Baseline, two, six, 
twelve, twenty-
four weeks and 
one year after the 
last injection 

VAS for pain and 
satisfaction and 
active AROM

Quick pain relief and 
improved satisfaction 
among those who were 
randomized in group 1 
as opposed to group 2. 
There was no substantial 
variation in VAS between 
two groups at one year 
and AROM was improved 
in both groups at the 
end of year.

Hydraulic distension along with 
manual therapy demonstrated 
the quicker relief in pain, 
improved range of motions and 
improved satisfaction among 
patents as opposed to only 
hydraulic distension

Study name Year Timing of 
assessments 

Primary outcome Main findings Summary of findings 
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instead of hydrodilatation with normal saline. The authors 
concluded that hypertonic saline is much better than normal 
saline at improving the Shoulder Pain and Disability Index 
(SPADI), PROM, and shoulder pain. Therefore, it is recom-
mended to use hydrodilatation with hypertonic saline to 
manage frozen shoulders (24).
Lorbach et al. randomized 40 patients to receive either oral 
corticosteroid or injectable corticosteroid and measured a 
simple shoulder test that consists of 12 items to assess the 
range of shoulder moments (25). This SST is a series of “Yes” 
and “No” questions, which authors used to determine the 
function of the shoulder pre- and post-intervention or treat-
ment (26).  The authors found that corticosteroids overall 
improved primary outcomes (table II); however, injectable 
corticosteroids were found to be superior to oral corticoste-
roids (25). Similarly, Tsan Wu et al. carried out an RCT on 
60 patients and evaluated physiotherapy following pulsed 
radiofrequency lesioning of the supra-scapular nerve versus 

physiotherapy alone (27). They concluded that the use of 
physical therapy after pulsed radiofrequency lesioning 
of the suprascapular nerve could quickly relieve pain and 
decrease SPADI, and improve PROM as opposed to phys-
iotherapy alone (27).
Another RCT was undertaken by Kwak et al. in 2016 on 121 
patients to assess the efficacy of hydraulic distension along 
with manual therapy versus hydraulic distension alone (28). 
The authors found that hydraulic distension and manual 
therapy demonstrated faster pain relief, improved range of 
motion, and enhanced patient satisfaction than hydraulic 
distension alone (28). Vahdatpour et al. performed a study 
on 40 patients to assess the effect of extracorporeal shock-
wave therapy (ESWT) once a week for a month instead of 
Sham shockwave therapy once a week for a month (29). He 
found that ESWT has beneficial effects in a quick return 
to routine activities and a better quality of life (29). On 
the other hand, Schydlowsky et al. conducted an RCT in 

Vahdatpour 
et al. (29)

2014 Baseline, two, 
five months post
intervention.

SPADI, Pain in 
shoulder, and ROM

There was statistically 
significant difference
between SPADI and 
pain in shoulder as well 
as ROM between two 
groups (< 0.05). However, 
there was no difference 
in average internal 
rotation between two 
groups (> 0.05).

ESWT has beneficial effects
than Sham shockwave therapy 
in terms of returning to routine 
activities quickly with better 
quality of life. 

Schydlowsky 
et al. (30)

2012 Baseline, 4, 12, 
and 24 weeks

SPADI, Pain in 
shoulder, and 
constant score, 
AROM, and PROM

 There was no impact of 
subcutaneous injections 
of adalimumab 

No difference between 
adalimumab injections and 
Intraarticular glucocorticoid 
injections  

Ohta et al. (31) 2014 Pain on VAS vanishing of nighttime 
pain was considerably 
higher in the celecoxib 
unit than in the 
loxoprofen unit. 
However, there was no 
difference otherwise 
between the two groups.

Celecoxib is like loxoprofen 
in reducing the pain for frozen 
shoulder. However, celecoxib 
was more efficient for nighttime
ache as opposed to loxoprofen

Russel et al. (32) 2013 Baseline, 6 
weeks, 6 months, 
and 1 year

Range of motion, 
Constant score, 
Oxford Shoulder 
Score, Short 
Form 36, and 
Hospital Anxiety 
and Disability 
Scale (HADS) 
outcome measures

Improvement was greater 
in the shoulder symptoms 
and range of motion with 
significant findings fo
physiotherapy groups 
when compared to home 
therapy (P < 0.001). 

An exercise program planned 
in the hospital can help in rapid 
recovery from a frozen shoulder 
and is more effective than 
individual physiotherapy or 
home-exercise program.

Study name Year Timing of 
assessments 

Primary outcome Main findings Summary of findings 
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Denmark in 2012 to assess the efficacy of subcutaneous 
adalimumab injections compared to intraarticular glucocor-
ticoid injections. They found no difference between the two 
treatments (30). Ohta et al. found that celecoxib is like loxo-
profen in reducing pain in frozen shoulder. However, cele-
coxib was more effective for nighttime ache (31). Finally, 
Russel et al. conducted an RCT on 75 patients in the UK to 
assess the effect of group-based physiotherapy versus indi-
vidual-based physiotherapy and home exercise (32). The 
findings reveal that improvements were more significant in 
the shoulder symptoms and range of motion, with actual 
results for physiotherapy groups when compared to home 
therapy (p < 0.001) (32). The authors concluded that an 
exercise program planned in the hospital could help rapidly 
recover from a frozen shoulder and is more effective than 
individual physiotherapy or home-exercise program (32).

DISCUSSION
We undertook this review to assess the efficacy of different 
non-surgical treatment methods in managing frozen shoul-
der with regards to improving shoulder pain, arm move-
ment, and other relevant clinical outcomes. Our search 
included all RCTs with variable treating strategies such as 
different pharmacological treatments administered orally or 
injected intraarticularly, physiotherapy, and hydrodilation. 
Overall, we have found positive results supporting the use 
of these methods in combination or independently.
When it comes to physiotherapy, our findings are analo-
gous to the existing literature. Physiotherapy is commonly 
used alone or other treatments such as steroid injections, 
transcutaneous electrical nerve stimulation, analgesics, and 
hot or cold pads (33, 34). There are still variations in the 
physiotherapy regimen; however, the guidelines revolve 
around controlled stretching and strength exercises (35). 
Gentle stretching exercises, including pendulum exercis-
es and passive supine forward elevation, are recommend-
ed (35). Strengthening maneuvers such as isometric exter-
nal shoulder rotation and posterior capsular stretching can 
be added (35). Strengthening and stretching exercises can 
be combined and increased in frequency during the thaw-
ing phase to increase shoulder ROM. There is insufficient
evidence to support physical therapy over observation or 
medical treatment alone, considering the clinically preva-
lent use of physical therapy in the treatment of frozen shoul-
der (36, 37). However, more research may be required to 
establish the role of physical therapy and adjunct therapies 
in managing this problem.
Regarding oral pharmacological therapy, there is a lack of 
robust evidence to endorse the benefit of one treatment 
over another (33). Some studies support the use of corti-

costeroids and NSAIDs, which are often the first-line pain 
remedies. NSAIDs showed substantial improvement in 
symptoms compared to placebo (38), but when compar-
ing various NSAIDs, including naproxen and indometha-
cin, no significant difference in their effects was found (39, 
40). Oral steroids are beneficial in the treatment of frozen 
shoulder (41). They provide short-term pain relief and 
ROM improvement; however, clinicians should be cautious 
with long-term steroid use due to the higher chances of side 
effects and flawed premises to endorse their long-term use 
in the frozen shoulder (41, 42).
Intra-articular steroids injection is frequently utilized to 
manage frozen shoulder and has been demonstrated to 
offer more significant pain reduction and increased shoul-
der mobility than oral steroids (25, 43). Furthermore, a 
recent meta-analysis of 225 patients found that intra-artic-
ular steroid injections offered short-term analgesia (reduc-
tion in pain score for up to 8 weeks) and enhanced both 
short and long-term passive ROM compared to place-
bo (44). In addition, a systematic review reported three 
high-quality RCTs demonstrating substantial analgesic gain 
from intra-articular injections given between 6 weeks and 
four months compared to placebo or physiotherapy alone 
(45). Recent data indicate that there is no clinical difference 
between subacromial and glenohumeral injection (46). The 
downside of injection is the high incidence of not access-
ing the glenohumeral joint, which is why radiological and 
ultrasound-guided techniques are preferred and recom-
mended (47).
Intraarticular shoulder joint distension is an alternative 
treatment approach but has only been found effective over 
a short period and has not been shown to have any signifi-
cant advantage over other treatment modalities in the long 
term. The procedure requires the injection of either saline 
or steroids and local anesthesia to expand the capsule and 
break down any adhesions (48). In addition, sodium hyal-
uronate injections are one of the treatments used for frozen 
shoulder (41). These can be used as an alternative approach 
to steroid injections or sometimes can be jointly used with 
steroids (49). Findings from a systematic review demon-
strated that sodium hyaluronate injections could be as effec-
tive or even better than corticosteroid injections with an 
additional advantage of fewer side effects than corticoste-
roids (50).
The supraclavicular nerve supplies the rotator cuff muscles, 
namely the supraspinatus and the infraspinatus. SNB 
requires local anesthetic infiltration at the insertion of trape-
zius muscle through a needle inserted behind the lateral 
clavicular end (51). The efficacy of SNB can be increased 
using electromyographic or ultrasound guidance (52, 53). 
The literature indicates that SNB may be an effective short-
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term treatment strategy, although it would be beneficial
to define its position better in more extensive multicenter 
trials (54).
Finally, ESWT, another treatment modality for frozen shoul-
der, has been considered adequate to resolve the symptoms 
(55). The existing evidence and findings of this systemat-
ic review reveal that ESWT effectively accelerates the heal-
ing activity of the frozen shoulder (56). Further, ESWT is 
beneficial as it is cost-effective, non-invasive, safe, has fewer 
side effects, and it requires fewer visits without any need for 
hospitalization (57). The findings of a meta-analysis demon-
strate that ESWT expands the range of flexion, internal and 
external rotation of the shoulder and enhances therapeutic 
efficiency and cure rate in treating and managing the frozen 
shoulder (58).

Strengths and limitations
This review has endorsed the findings regarding the non-sur-
gical treatment options to manage frozen shoulders. The 
systematic review is strengthened due to robust evidence 
from randomized controlled trials, which is considered the 
higher and gold standard in the hierarchy of study designs. 
We also found various studies from across the globe that 
convinced us that the non-surgical options available to 
treat frozen shoulder could be generalized outside a given 
setting. We found a considerable consistency in the prima-
ry outcomes for included studies, as most RCTs assessed 
identical results. However, the length of follow-up varied 
from study to study, which could miss the recurrence in the 
longer run.

CONCLUSIONS
Frozen shoulder is a widely prevalent condition that caus-
es patients to have a severe and extended disability and 
carries broader economic consequences. The management 
of frozen shoulder remains a challenge, and high-level 
conclusive evidence is needed to recommend one treatment 
method over another. Thus, in clinical practice, the manage-
ment of this disorder remains distinct. Evidence in the liter-
ature supports varying conservative treatment modalities, 
including analgesics, oral steroids, intra-articular steroids, 
or injections of sodium hyaluronate, SNB, and physiother-

apy. The proof remains inconclusive in the literature on 
the effectiveness of hydrodilation therapy. The findings are 
that this systematic review can guide clinicians in making 
evidence-based decisions when managing frozen shoulder 
with conservative treatment avoiding unnecessary burdens 
on the healthcare system and patients.

Clinical implications of the research
Based on the current review findings, clinicians may lean 
towards non-surgical management of frozen shoulders using 
different modalities. However, there is a need to carry out 
multi-country and multi-center large randomized controlled 
trials to study the effectiveness of non-surgical management, 
mainly in poor resource settings. Surgical treatment may be 
risky and expensive; therefore, not every patient can afford 
it. Furthermore, it involves manipulation under anesthe-
sia, which risks bone fracture and tears to ligaments and 
tendons (59). Although non-surgical treatment may not 
rapidly improve the range of motion, it does not pose the 
threats associated with surgical treatment. However, physio-
therapists and physicians may decide to make the appropri-
ate choices for the patients and provide a customized treat-
ment tailored to the needs of patients.
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SUMMARY
Background. The purpose of this study was to determine structural and pathologi-
cal differences of Achilles tendon insertion between insertional Achilles tendinopa-
thy (IAT) and midportion Achilles tendinopathy (MidAT) in both injured and unin-
jured sides.
Methods. Patients (n = 34; 58.8% male) with unilateral Achilles tendinopathy (50% 
with IAT; 50% with MidAT) were recruited. Median age 52 years and Victorian Insti-
tute of Sport Assessment – Achilles (VISA-A) score mean 59, and 17 (12 male) had 
MidAT, median (range) age of 58 (48) years, and VISA-A score mean (SD) 59.1 (19.7). 
Ultrasound imaging was used to evaluate structural measurements at the insertion 
(insertional length, bone-to-insertion length, and tendon insertion angle), tendon 
length (calcaneus to soleus), tendon thickness at the calcaneal edge, and the presence 
of pathological changes (boney deformity and/or calcification). A 2 × 2 mixed Analysis 
of Variance (group by side) was used to compare IAT and MidAT groups and injured 
and uninjured sides.
Results. Tendon thickness at the calcaneus on the injured side was significantly great-
er than the uninjured side in the IAT group but not in the MidAT group (p = .001). 
VISA-A score was 59.9 (18.7) in IAT group and 59.1 (19.7) for MidAT group (p = 
0.909). There were no significant group-by-side interactions for structural measure-
ments at insertion site.
Conclusions. Calcaneal edge tendon thickness was the only significant structural 
difference observed between involved and uninvolved sides in IAT, although this was 
not found in in MidAT. 

KEY WORDS
Achilles disorders; ultrasound imaging; ultrasonography; enthesopathy; tendon 
morphology.
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BACKGROUND
Achilles tendinopathy is a clinical diagnosis characterized by 
pain, swelling, and load-bearing impairment (1). It can be 
categorized into two distinct diagnoses: insertional Achilles 
tendinopathy (tendon pathology less than 2 cm proximal to 
the calcaneus) or midportion Achilles tendinopathy (tendon 
pathology 2-7 cm proximal to the calcaneal insertion) (1). 
These disorders are considered different regarding their 

underlying pathophysiology, clinical features, and treat-
ment response (2-6). While it is clear that the mechanism of 
Achilles tendinopathy is mainly a result of overloading, the 
reason why someone develops insertional versus midportion 
tendinopathy, is poorly understood. 
Patients with either of these disorders may present in the clinic 
with similar symptoms and performance impairments, but a 
simple way to differentiate between insertional and midportion 
Achilles tendinopathy is by physical examination (7). Specif-
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ically, tendon palpation and subjective reporting are reliable 
and valid tests for diagnosing midportion Achilles tendinopa-
thy (8, 9). Palpation reveals pain location, which is useful when 
distinguishing between insertional and midportion Achilles 
tendinopathies and other differential diagnoses (7). Special 
tests, including the Royal London Hospital test and the arc 
sign are also helpful tests for confirming midportion Achil-
les tendinopathy (10, 11). In general, the capability of these 
clinical measures is more diagnostic than just screening (12). 
Magnetic resonance imaging or ultrasonographic examinations 
are helpful to determine tendinosis presence and location and 
other pathological changes (3, 13). Pathological changes, such 
as insertion-site calcifications and boney deformity, are associ-
ated with metabolic disorders and increased with age among 
individuals with insertional symptoms (14, 15), but their pres-
ence among those with midportion symptoms, has not been 
evaluated. Imaging of tendinopathy has also been suggested to 
be useful for monitoring clinical progress (16-18).
The prognosis for patients with insertional Achilles tendi-
nopathy is not as optimistic compared to midportion Achil-
les tendinopathy (5, 19). Insertional Achilles tendinopa-
thy is known as a recalcitrant injury, and responds poorly 
to nonsurgical treatments (5, 19-21). Patients with inser-
tional Achilles tendinopathy have been reported to experi-
ence more symptoms, including pain, and more significant
disability, compared to those with midportion injuries (22). 
Non-surgical treatments have also been found to be less 
successful for insertional Achilles tendinopathy compared 
to midportion Achilles tendinopathy (5, 19). For example, 
the success rate of using traditional eccentric exercise (with-
out limiting dorsiflexion range of motion) was ~ 30% in 
patients with insertional Achilles tendinopathy (5, 23).
Insertion anatomical features might lead to a predisposition 
for insertional Achilles tendinopathy and affect treatment 
outcomes, since compression between the tendon and calca-
neus is considered a mechanistic explanation of the injury 
itself (21). Differences in insertional structural measurements 
between insertional Achilles tendinopathy and midportion 
Achilles tendinopathy groups on injured and/or uninjured 
sides may indicate that these differences are injury related. 
We have developed reliable ultrasound measurements for 
evaluating the Achilles tendon insertion (24) that can be used 
to compare the anatomical features between patients with 
insertional versus midportion Achilles tendinopathy. The size 
of the tendon attachment on the calcaneus may influenc  
the load distribution and have effect on tendon injury loca-
tion. Therefore, the purpose of this study was to evaluate for 
structural differences of the Achilles tendon insertion, tendon 
geometry, and pathological changes between insertional and 
midportion Achilles tendinopathy patient groups, on both 
the injured and uninjured sides. In both injured and unin-

jured sides, we hypothesized that bone-to-insertion length 
would be longer, and insertional length and length to soleus 
would be shorter among the insertional Achilles tendinopa-
thy group when compared to the midportion Achilles tend-
inopathy group. We also hypothesized the tendon insertion 
angle would be smaller, and tendon thickness would be great-
er in the injured sides as compared to the uninjured sides in 
patients with insertional Achilles tendinopathy but not among 
those with midportion Achilles tendinopathy. Finally, we 
hypothesized that pathological changes (presence of boney 
deformity and/or calcification) in injured sides (but not in 
uninjured sides) would be present more frequently in indi-
viduals with insertional Achilles tendinopathy as compared to 
individuals with midportion Achilles tendinopathy.

MATERIALS AND METHODS

Study design and participants selection
This is a retrospective analysis of a cross-sectional study 
including 34 participants diagnosed with Achilles tendinop-
athy (n = 17 insertional and n = 17 midportion). The partic-
ipants were included from two prospective studies of indi-
viduals with Achilles tendinopathy between November 2014 
and June 2019. All participants were clinically-diagnosed 
by a physical therapist or physician prior to enrollment. We 
included participants who were at least 18 years-old and 
had a unilateral Achilles tendon injury. The criteria for clin-
ical diagnosis of Achilles tendinopathy (25) are: 1) localized 
pain, swelling with palpation and sometimes stiffness at 2-7 
cm proximal to the calcaneal insertion for midportion, and 
at the tendon-bone junction (but not extending more than 2 
cm proximal to calcaneus) for insertional Achilles tendinop-
athy; 2) increased symptoms with loading; and 3) impaired 
performance. Exclusion criteria included a history of Achil-
les tendon rupture, and/or foot and/or ankle surgery. Partic-
ipants with symptoms on the uninjured side, as indicated by 
a scoring < 90 on the VISA-A questionnaire, were excluded. 
The VISA-A consists of eight questions that are scored from 
0 to 100, where 100 indicates symptom-free and physically 
active. The study was approved by the Institutional Review 
Board for Human Subjects Research at the University of Dela-
ware (approval numbers: 670923-15 and 1090153-4. Date of 
approval: 12/02/2019 and 08/20/2018) and written consents 
were obtained from all participants prior to participation.

Patient-reported measures
Participants completed questionnaires regarding their demo-
graphics, past medical history, physical activity level, and inju-
ry severity. Current physical activity level was assessed with the 
Physical Activity Scale (PAS) questionnaire, which is a 6-level 
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scale, where level-one indicate the person hardly participate 
in any physical activity; and level-6 person participate in very 
hard exercise regularly and several times a week (26, 27). 
While an index of the clinical severity of Achilles tendinop-
athy was determined using the Victorian Institute of Sports 
Assessment-Achilles (VISA-A) questionnaire, the VISA-A 
questionnaire is reliable and valid measurement tool (28).

Measurement of Achilles tendon structure
Achilles tendon structure was measured using a LOGIQe 
ultrasound imaging system (GE Healthcare, Milwaukee, 
WI) using a wide-band linear transducer (10.0 MHz) with 
a depth setting of 3.5 cm. The first author, who has formal 
musculoskeletal ultrasound imaging training and has over 
2 years of expertise with ultrasound  imaging of the Achil-
les tendon, obtained and measured the ultrasound images. 
We followed a previously published protocol for imaging 
Achilles tendon structure bilaterally (24, 29). In brief, we 
used long-axis and extended field-of-view to obtain three 
images in prone where participants’ knees and hips were 
extended, and feet were hanging freely over the edge of the 
bed. The images were exported to an external computer 
and measured by a single examiner (24) using OsiriX imag-
ing software (Pixmeo SARL, Bernex, Switzerland). On each 
image the following measurements were taken: insertional 
measurements, including insertional length, bone-to-inser-
tion, and tendon insertion angle (24); tendon length (i.e., 
calcaneus to soleus) (29), tendon thickness at the posterosu-
perior calcaneal edge; and presence of pathological chang-
es (i.e., boney deformity and/or calcification; see figure 1). 
Mean value of three images per side were used in analyses.

Statistical analysis
A priori power analysis was completed to estimate the sample 
size needed for this study. For the interaction effect in a 2 × 2 
mixed Analysis of Variance (ANOVA), a sample size of 34 (n 
= 17 per group) would be powered (power =. 90), to detect 
a moderately large effect, (ηp

2 = .10) with nominal alpha, 
α = .05, and a moderately low correlation among repeat-
ed measures, r = .30. This effect size was chosen based on 
prior research hypothesized differences of insertional length, 
tendon insertion angle, and tendon thickness.
All statistical analysis were performed using SPSS version 
26 (IBM Corp., Released 2019. IBM SPSS Statistics for 
Windows, Version 26.0. Armonk, NY: IBM Corp) of all data. 
Descriptive analysis of demographic and symptoms sever-
ity were reported. Independent t-test and Chi-square were 
used to compare patient demographics between groups (i.e., 
age, sex, BMI, symptom severity and physical activity level). 
Differences in insertional Achilles tendon measurements 
(insertional length, bone-to-insertion, and tendon insertion 
angle), tendon thickness and tendon length to soleus between 
insertional and midportion Achilles tendinopathy groups and 
injured and uninjured sides were analyzed using 2 × 2 mixed 
ANOVA. Bonferroni correction was applied to group and 
side comparisons.   Differences in the ratio of the presence 
of calcification and/or boney deformity between groups and 
injured and uninjured sides were evaluated using z-test for 
dependent proportions. Partial eta-squared (η2

p) effect sizes 
are reported and interpreted as suggested by Cohen (30) as 
no effect (< 0.01), small effect (≈ 0.06), medium effect (< 
0.14), and large effect (≥ 0.14). Also, the size of effect, Cohen’s 
H, was used for z-score test and interpreted as suggested by 
Cohen (30) as H near 0.2 is a small effect, an H near 0.5 is a 
medium effect, and an H near 0.8 is a large effect. The level 
of significance for all tests were set at p < 0.05  

RESULTS

Patients’ characteristics
Overall, 34 participants with unilateral injury were includ-
ed in the study (17 insertional, and 17 midportion Achil-
les tendinopathy). The results showed there were no signif-
icance differences between the groups for age, sex, height, 
weight, BMI, VISA-A injured side, VISA-A uninjured side, 
and PAS (table I).

Measurement outcomes
Tendon thickness at the calcaneus on the injured side was 
significantly greater than the uninjured side in within the 
insertional Achilles tendinopathy group but not within the 

Figure 1. Ultrasound measurements for insertional length, 
bone to insertion tendon insertion angle, tendon length 
(calcaneus to soleus) and tendon thickness at the posterosu-
perior calcaneal edge for healthy Achilles tendon insertion.
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midportion Achilles tendinopathy group F(1,32) = 14.53, p = 
.001, η2

p = 0.31 (figure 2). There were no significant group-
by-side interactions for structural measurements for inser-
tional length, F(1,32) = 1.68, p = .204, η2

p = 0.05, bone-to-in-
sertion length, F(1,32) = 1.70, p = 0.202, η2

p = 0.5, insertion 
angle, F(1,32)= 0.91, p = 0.346, η2

p = 0.03, nor tendon length 
to soleus, F(1,32) = 1.73 p = 0.198, η2

p = 0.05. There were 
no significant main effects (side or group) for insertional 
length, bone-to-insertion length, insertion angle, nor length 
to soleus (figure 3). 
On the injured sides, the insertional Achilles tendinopa-
thy group had a significantly greater number of patholog-
ical changes (calcification/boney deformity) present than 
midportion Achilles tendinopathy group (difference sample 
proportion 0.48 ± 0.51, z = 2.78, p = .006, Cohen’s H= 
0.99); no significant between-group difference were found 
for uninjured sides (difference sample proportion 0.18 ± 
0.47, z = 1.09, p = .28, Cohen’s H = 0.38) (figure 4).

Table I. Characteristics of patients with insertional and midportion Achilles tendinopathy.

  Insertional Achilles 
Tendinopathy n = 17

Midportion Achilles 
Tendinopathy n = 17

   

  Mean SD Median Range Mean SD Median Range p Cohen’s d

Age (years) 48 14 49 46 50 16 58 48 0.610 0.091* 

Sex (M:F) 8 Male:9 Female 12 Male:5 Female 0.300 NA

Height (cm) 174.8 11.6 173.9 39.9 175.5 8.5 176.5 31.8 0.832 - 0.073

Weight (kg) 74.5 14.7 77.2 51.6 78.1 16.1 78.1 60.9 0.502 - 0.233

BMI (kg/cm2) 24.2 3.7 23.7 15.2 25.2 3.9 25.2 14.3 0.503 - 0.232

VISA-A injured 59.9 18.7 62.0 62.0 59.1 19.7 67.0 71.0 0.973 0.006*

VISA-A uninjured 96.5 3.0 97.0 10.0 94.8 3.9 94.0 10.0 0.205 0.227*

PAS 4.5 1.3 5.0 4.0 4.2 1.6 5.0 5.0 0.734 0.063*

Symptoms duration (month) 18.5 30.8 6.7 126.9 17.1 36.2 4.4 149.3 0.357 0.162*
*Effect size r was reported for non-parametric test.

Figure 2. Mean (SD) tendon thickness at the calcaneus differ-
ences between groups and sides.

Figure 4. Between-group differences in side-to-side for the 
proportion of presence of pathological changes.
IAT: insertional Achilles tendinopathy; MAT: midportion Achilles tendinopathy. 

Figure 3. Mean (SD) for anatomical features measurements 
differences between groups and sides. 
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DISCUSSION
The aim of this study was to evaluate Achilles tendon inser-
tion using ultrasound imaging and compare the structural 
measurements of the injured and uninjured sides between 
patients with insertional and midportion Achilles tend-
inopathy. We hypothesized structural measurements at 
the calcaneal insertion (i.e., insertional length, bone-to-in-
sertion length, and tendon insertion angle) would differ 
between tendinopathy groups and within sides. Our 
main findings showed differences in ultrasound-imaging 
obtained measurements of pathological changes (tendon 
thickness and presence/absence of calcification and/or 
boney deformity) but not for anatomical feature measure-
ments at Achilles tendon insertion between the sides and 
groups. The injured side in the insertional Achilles tendi-
nopathy group had significantly greater tendon thickness 
and more pathological insertional changes than the healthy 
side, and midportion tendinopathy group’s healthy and 
injured sides. Importantly, no significant differences were 
detected between sides or groups for measurements related 
to anatomical features (i.e., bone-to-insertion length, inser-
tional length, tendon insertion angle, nor length to soleus) 
that may lead to developing insertional Achilles tendinopa-
thy. In summary, measurement variables related to structur-
al pathological changes, but not anatomical features were 
different between groups.
Increased structural enlargement at the calcaneal insertion 
could be the cause of injury chronicity in the insertion-
al Achilles tendinopathy group but not in the midportion 
Achilles tendinopathy group, according to the findings.
Findings may explain why eccentric exercise (31) into full 
dorsiflexion is not beneficial for individuals with insertion-
al Achilles tendinopathy, since at full dorsiflexion the distal 
tendon, and possibly the areas of pathological changes, 
are compressed. However, further evidence is required to 
understand if structural pathology at the calcaneal insertion 
contributes substantially to increased impingement and/or 
injury severity. 
On the other hand, our results showed that anatomical 
features of the Achilles tendon and its insertion did not 
differ between tendinopathy groups, and thus, may not be of 
relevance in the development of insertional versus midpor-
tion Achilles tendinopathy. However, we did not include 
uninjured participants for this study, so we do not have 
normative values for comparison. In our reliability study, we 
presented typical average values of bone-to-insertion length 
and tendon insertion angle in healthy individuals, 9.34 mm 
and 15.33 degrees, respectively, but they were younger than 
the groups in this study (24). These two values are lower 
than our results by few millimeters or degrees and may be 
related to the age (32) and not the injury development.

Different measurement methods have been applied in imag-
ing studies of patients with insertional Achilles tendinopa-
thy. Kang et al. compared radiographic measurements for 
Haglund’s deformity from patients with and without inser-
tional Achilles tendinitis (33). The radiographic measure-
ments evaluated calcification size; between-group differenc-
es were not found (33), which is consistent with this study. 
Two other studies report calcification was present in 70% 
(33) and 65% (34) of patients with insertional Achilles tend-
inopathy (on the symptomatic side), which is consistent with 
our study results. The mechanism of calcium deposition at 
the insertion, however, is not clear but one theory suggests 
deposition as an adaptation to increased compression load 
(35). Measuring the size of calcification/boney deformity 
is feasible on ultrasound images (34). While in our study 
we did not measure the size of calcification/bony defor-
mity, insertional length may reflect the size of the deformi-
ty. Specificall , patients who showed presence of calcific -
tion/boney deformity usually exhibited smaller insertional 
length. The reason is that calcification/boney deformity is 
commonly located at the distal insertion, so a larger defor-
mity effectively decreases the insertional length. 
Another measurement method was addressed by Sella et al. 
at the heel bone, where varying angle measurements at the 
calcaneus from plain radiographs (made with patient stand-
ing) in patients with different Achilles tendon disorders 
were obtained (36). The radiographic measurements were 
used to identify calcaneal deformity before planning treat-
ment. Our study, however, is the first, to our knowledge, 
to compare and evaluate tendon insertional angle obtained 
from ultrasound imaging with the ankle at rest; however, 
no differences between groups were found as this measure-
ment did not show differences of the height of the superi-
or aspect of the calcaneus. Future studies should consider 
measuring the insertion using a standardized ankle position, 
along with the resting angle, since the resting angle might 
vary between individuals. 
We hypothesized that the direction of pull on the Achilles 
tendon insertion would depend on how far distally the soleus 
attached, such that a more distally attached soleus (resulting 
in a shorter free tendon) would cause more of an anterior 
pull on the Achilles tendon insertion helping to explain inju-
ry development; however, our hypothesis was not confirmed  
The soleus length measurement was similar between groups. 
Perhaps individuals with insertional Achilles tendinopa-
thy developed soleus muscle atrophy leading to an increase 
distance between the proximal Achilles tendon attachment 
and the soleus muscle as seen in patients with Achilles tendon 
rupture (37). It may be worth studying side-to-side differ-
ences of the length to soleus tendon in patients with acute 
versus chronic Achilles tendinopathy due to disuse atrophy 
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of the soleus muscle to determine changes in tendon to soleus 
length. The majority of our sample had symptoms duration 
slightly greater than 6 months. Prolonged symptoms duration 
has been associated with musculoskeletal disuse (38), and 
soleus muscle is commonly impaired in Achilles tendon inju-
ries (39). Further evidence is needed to explore if tendon to 
soleus length increases are associated with prolonged symp-
tom duration in patients with Achilles tendinopathy. 
Medial pain and tenderness have been reported in about 
50% of patients with chronic insertional Achilles tendinop-
athy as a result of plantaris tendon involvement (40). The 
amount of compression at the calcaneal insertion may also 
be uneven as a result of the degree of twisting of the fascicles 
from the aponeuroses of gastrocnemius to the tendon inser-
tion (41). Unfortunately, our ultrasound imaging measure-
ments were obtained at the tendon insertion midline, and 
therefore would not have detected any between-group 
differences of the medial or lateral tendon attachments. 

Limitations
Additional study limitations include a heterogeneous sample 
in terms of age and symptom severity (which might reflec  
differing stages of injury recovery) and might have influence  
the results. Given the cross-sectional study design, we cannot 
evaluate causation, i.e., understand the role of structure on 
injury characteristics (chronicity and symptom severity). 
While measurement procedures have established reliability, 
the measurements were taken in ankle resting position instead 
of a standardized position. It may be beneficial to perform the 
US measurements in various ankle positions to understand the 
influence of structure on possible compression at the inser-
tion. Further, having a healthy comparison group could have 
aided with results interpretation as these results cannot be 
applied to those with bilateral Achilles tendinopathy. Finally, 
we did not evaluate other pathological features such as bursitis 
or neovascularization, and/or anatomical features such as the 
presence of a plantaris tendon.

CONCLUSIONS 
We found greater tendon thickness on the posterior aspect 
of the calcaneus and more presence of pathological changes 

in patients with insertional Achilles tendinopathy compared 
to midportion Achilles tendinopathy on the injured sides. 
In addition, measurements of anatomical features were not 
different between groups or sides and may not be related to 
injury development.
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SUMMARY
Background. Jumper’s knee, also known as Patellar tendinopathy (PT) is an over-
use injury in athletes from various sports especially involving high impact activities. 
It is degenerative disease, associated with pain and dysfunction in activities that load 
the patellar tendon. The aim of this study is to find the effects of ultrasound guided 
dry needling in addition to conventional physical therapy in patients with jumper’s 
knee. Studies addressing role of ultrasound guided dry needling for tendinopathies in 
prospective randomized method are currently lacking.
Methods. This study is a prospective randomized controlled trial a single blinded study 
based on SPIRIT guidelines. The measurements will be taken by a blinded assessor. 
A total of 96 patients with medical diagnosis of Jumper’s knee will participate in this 
study and will be randomly assigned into two groups in 1:1 allocation ratio to either: 
a) conventional physical therapy and b) dry needling with conventional physical ther-
apy. Functional Outcomes of pain intensity and functional disability at knee joint will 
be assessed with the Victorian Institute of Sports Assessment for patellar (VISA-P), 
Knee injury and osteoarthritis outcome score (KOOS scale), Lysholm knee scoring 
scale and ultrasonographic findings of patellar tendinopathy at baseline, 1st, 2nd and 4th 
week after baseline. 
Discussion. Several cohort and case studies have shown encouraging results using this 
technique, but randomized control trials are lacking. Therefore, this trial has designed 
to assess the effectiveness of ultrasound guided dry needling for jumper’s knee. 
Conclusions. The expected outcomes of this study will help us in finding and promot-
ing the most appropriate treatment protocol of jumper’s knee and to prevent the 
correlated results, such as to avoid the recurrences and decreasing the probable effect 
on the musculoskeletal system.
Study registration. Iranian registry of clinical trials (IRCT20210409050913N1). Regis-
tered on 17 April 2021-prospectively registered: https://www.irct.ir/trial/55607.
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BACKGROUND
Jumper’s knee, also known as Patellar tendinopathy (PT) is 
an overuse injury of patellar tendon that results in anterior 
knee pain (1) accompanied by central tenderness that can 
be palpated at the inferior margin of the patella (2, 3). This 

degenerative disorder has nearly same histological features 
as of other tendon disorders depicted by an increased 
tendon thickness and altered vascular and cellular charac-
teristics, associated with incomplete healing of the tendon 
micro ruptures and interrupted collagen arrangements (4). 
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The athletes especially involved in high impact sports are 
mostly affected with this disorder (5). The prevalence of 
Jumper’s knee varies among non-elite players and those 
involved in high impact sports that stresses patellar tendon 
more such as volleyball athletes (8.5% and 14.2% respec-
tively) (6). However, this number increases up to 50% and 
32% in elite volleyball and basketball players, respectively 
(7). In addition, it is twice as common among male non-elite 
athletes as compared to female athletes (8). 
The diagnosis of jumper’s knee is mainly dependent on clin-
ical history and characteristics outcomes. At present, imag-
ing techniques, such as color Doppler ultrasound (CD-US) 
and grey scale ultrasound (GS-US) can be used to confirm
the clinical diagnosis of patellar tendinopathy (9).
Treatments for Jumper’s knee can be categorized into two 
categories. The first category consists of medical interven-
tions which include non-steroidal anti-inflammatory drugs 
(NSAIDs), autologous growth factors and platelet-rich 
plasma (PRP) injection (10, 11), high volume injections at 
the site between deep patellar tendon surface and Hoffa 
body improves the symptoms and function in athletes 
with recalcitrant patellar tendinopathy (12). The second 
category comprises of conservative and minimally inva-
sive (needling techniques) physical therapy interventions. 
Conservative treatments such as eccentric exercises (EE) 
or high slow resistance training programs (gold standards) 
are usually considered as first line of treatment for patel-
lar tendinopathies (13, 14). Similarly, sub-maximal eccen-
tric training supervised by physical therapist can effectively 
improve symptoms in patients with chronic patellar tend-
inopathy following platelet-rich infiltration (15). In recent 
times, additional evidence assists the effectiveness of exer-
cise more than other conventional treatments for tendinop-
athy, such as electrotherapeutic modalities of iontophoresis, 
ultrasound (US) or Cyriax treatment, etc. (16, 17). When 
conservative treatment fails, a small percentage of athletes 
will develop refractory patellar tendinopathy and need to 
undergo surgery or sometimes revision surgery and able to 
return to sports activities at a follow-up of 30 months (18).
Physical therapy treatments for jumper’s knee contin-
ue to advance and many revolutionary treatment alterna-
tives both minimally invasive and conservative such as dry 
needling (DN) (19), electrotherapeutic invasive modali-
ties (e.g., electrolysis) (20-22) and extracorporeal shock-
wave therapy respectively are now available (23). Deep 
dry needling immediately improves pain, cervical range of 
motion and pain pressure threshold in patients with myofas-
cial pain syndrome (24). Currently, research has evolved and 
concentrated on regenerative therapies with high supposi-
tion of advancement due to the fact of quick regeneration 
of the injured tendon (20, 25, 26). However, evidence on 

such regenerative therapies is inadequate and there is no 
consensus up till now on most effective treatment of tendi-
nopathy (27).
Sonography has been frequently used for the diagnosis of 
patellar tendinopathy where focal degeneration appears as 
hypoechoic tendon swelling with probable raised flow on 
color and power Doppler imaging; with concurrent inter-
stitial tears reveal as anechoic clefts (1, 28). In addition to 
sonographic role in the diagnosis of tendon pathologies, 
it has also been useful to guide minimally invasive and 
invasive percutaneous treatments of the tendon (29, 30). 
Dry needling treatment involves needle (solid, fusiform, 
non-abraded) insertion to provoke a local injury that leads 
to an inflammatory response (31) and the following healing 
of the injured tendon in round about 1 week (32, 33). 
Inadequate data is available on the advantages of tendon 
needling as a sole treatment for tendinopathy, although 
certain case series exist in the literature advocating the 
procedure as stand-alone treatment for tendinopathies. 
Hitherto, dry needling work has been done on muscles 
and trigger points whereas as per our limited knowledge 
there are very few studies on the role of ultrasound guided 
dry needling on tendons. Similarly, we are unable to find a 
single high-quality study on ultrasound guided dry needling 
for patellar tendinopathy as a stand-alone treatment. This 
minimally invasive therapeutic modality, along with its pros 
and cons, is gradually paving its way among different tech-
niques to treat musculoskeletal disorders. As approximated 
by the valuable information from the current articles in this 
study, many pending questions await to be resolved about 
the mechanism of action of dry needling, the optimal treat-
ment protocol, and number of sessions required for the 
treatment of tendinopathies. Available evidence shows less 
quality, and a smaller number of randomized trials done, 
with no comparable groups and methodological deficie -
cies of studies. For satisfactory and durable alleviation of 
symptoms, there is need for differential treatment which can 
contribute to improve patient’s condition. In addition, only 
few articles describing the application of Ultrasound guided 
Dry Needling for the recovery of Jumper’s knee were found, 
however, none of them were randomized controlled trials 
(RCTs), which warrant limited evidence for the efficacy of 
this technique. Moreover, there are no standardized proto-
cols for the Ultrasound guided dry needling application, 
which gives great variation in the number of sessions and 
the time of application in the literature.

Objective
The aim is to compare the outcomes of ultrasound guided 
dry needling in addition to conventional physical therapy on 
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patellar tendonitis, tendon thickness, tendon width, fibrillar
echo-pattern and echogenicity of patellar tendon in patients 
with jumper’s knee.

METHODS

Participants, interventions, and outcomes
This study and manuscript have been designed in accor-
dance with the Standard Protocol Items: Recommendations 
for Interventional Trials (SPIRIT) guidelines.

Trial design
Parallel group, randomized controlled trial a single 
blinded study.

Study design and study setting
This study is RCT with randomization into two treatment 
arms: 1) conventional physical therapy alone and 2) dry 
needling with conventional physical therapy. This study will 
be conducted in the physical therapy department of Univer-
sity Teaching Hospital, The University of Lahore. The 
consent will be taken from the eligible patients with jump-
er’s knee and will be randomized and will be followed up 
for 4 weeks prospectively. The study protocol is approved 
by Institutional Review Board, The University of Lahore 
(IRB-UOL-FAHS/829-I/2021). The trial is registered at 
Iranian registry of clinical trials (IRCT20210409050913N1).

Eligibility criteria
Potential candidates will be selected from sports clubs, 
physical therapy and orthopedic departments of Universi-

ty of Lahore. Inclusion and exclusion criteria for participa-
tion in the study are shown in table I. In general, potential 
inclusion involves all patients with chronic patellar tendi-
nopathy that have a desire to return to pre-injury activities 
and exclusion involves all concomitant knee joint injuries, 
tendon pathologies and osteoarthritic joints. A flowchart of 
the study is shown in figure 1. Patients can withdraw their 
enrollment in this study at any time point, at which their 
data will be removed.

Table I. Inclusion and exclusion criteria for participating in this trial. 

Inclusion criteria Exclusion criteria

Medical diagnosis of patellar tendinopathy and knee pain on 
anterior-inferior pole of patella for over 1 month

Surgery around knee joint within last 6 months

Age range 18-45 years Chronic knee joint diseases

The intensity of pain of 3.0 or greater on visual analog scale (0-10) 
while ascending and descending stairs and high pain intensity in 
single leg decline squat test

Injection of corticosteroid in the patellar tendon within the 
last 3 months

Palpation tenderness of the patellar tendon on superior 
insertion pole

Relative and absolute contraindications for needling such 
as allergies, hypersensitivities, presence of implants, acute 
inflammation, acute systemic infections, on blood thinner or
anticoagulants, with known history of bleeding disorders

A score of less than 80 on the Victorian Institute of Sports 
Assessment for PT (VISA-P) questionnaire.

Calcification within the proximal patellar tendon or radiographic
fractures around the knee,

Use of analgesics for last 48 hours

Any other concomitant treatment for jumper’s knee.

Figure 1. Randomization and data collection.
Data will be completed after RCT conduction.
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Randomization
The eligible participants will be randomly allocated to either 
ultrasound guided dry needling with conventional phys-
ical therapy group or only conventional physical therapy 
group. The table of random numbers will be used to gener-
ate randomization sequence, with a restricted randomization 
scheme to make sure equal number of allocations in each 
group. The data will be entered into computer randomization 
program immediately after random allocation of all groups. 
Participants who will fulfil the inclusion criteria get the 
written informed consent and after signing it, they will be 
randomized into two groups.
Participants will be informed about the needling inter-
vention and can be moderately painful, and that if there 
is unbearable pain during the treatment, they must let 
the researcher know to stop the treatment immediately. 
The physical therapist providing the treatments cannot be 
blinded, however he/she will be asked not to reveal the 
allocation of the patients during the intervention or follow 
up sessions.

Interventions 

Conventional group
In this group, patients with jumper’s knee will be given the 
conventional physical therapy which include:
• an exercise program consisted of stretching and strength-

ening of quadricep and hamstring muscles: lunges, seat-
ed knee extensions, mini-squats, and lateral steps. The 
frequency of above exercises was kept at 3 sets of 15 
repetitions each, and every repetition starting with the 
concentric phase, accompanied by the eccentric phase of 
the exercise;

• physiotherapy modalities included 10 minutes of Heat 
Therapy by moist hot pack, phonophoresis (pulsed ultra-
sound) and transverse friction massage;

• the use of knee strap and activity modification

Dry needling + conventional group
In this group, the patients will be treated with conventional 
physical therapy and in addition with ultrasound guided dry 
needling. The patients will be positioned in supine or sitting 
with knee flexed at approximately 20° and pillow will be 
placed under the knee for patient’s comfort. The treatment 
area of knee will be disinfected with an antiseptic solution 
(70% isopropyl alcohol) and an ultrasound probe will used to 
during the procedure to prevent infections. Two factors will 
be considered to find out the appropriate treatment area: 1) 
high sensitivity shown by the areas on palpation and that too 
reproduce the symptoms of the patients and (2) ultrasono-
graphic examination of the tendon areas exhibiting degener-

ative changes. Specific 20-gauge (0.25 × 25 mm) stainless steel 
DN needles will be used during the intervention by consid-
ering the approach and thickness of the patellar tendon. The 
ultrasound will guide the procedure and to make sure the 
application specificity on the involved tendon area and assure 
the patients’ safety. During the procedure, the DN needle 
will reach the appropriate involved areas with focal degen-
erative tendon changes. The three needles will be inserted 
during whole treatment session and that insertions will last 
for 3 seconds each. The total number of needle insertions can 
be varied from 15-30 passes, depending on the area of tendon 
degeneration. These needle insertions cause softening of the 
degenerated tendon and treatment session will continue till 
whole tendinosis area will be treated and softened during 
needles progression. Rest of the treatment session will have 
same interventions as given to the conventional group.
For Ultrasound guided needling as well as pre- and post-pro-
cedure assessment of the patellar tendon, a high frequen-
cy ultrasound equipment (Xario Premium Toshiba) and a 
linear probe (7-14MHz) will be used. The assessments under 
ultrasound will be done in accordance with the Musculoskel-
etal Ultrasound Technical Guidelines: Knee, defined by the 
European Society of Musculoskeletal Radiology. The ultra-
sonographic assessment will involve longitudinal section of 
the tendon sequence from origin of the patellar tendon to its 
insertion, whereas transverse section will include pole of the 
patella, body of the patellar tendon, and its insertion on the 
tibial tuberosity, with the patient in supine position and knee 
at 20° of flexion. The target area of the involved tendon will be 
selected and assessed with the presence of degenerative signs 
in accordance with the medical diagnosis of jumper’s knee. 
These degenerative sings include tendon thickness, hypoecho-
ic areas, cortical bone irregularities and calcifications

Outcome measures
A written questionnaire consisting of the questions of base-
line data and pathology of jumper’s knee will be used. 
Different questionnaires and assessment tools (VISA-P, 
VAS, KOOS, Lysholm scale) will be given to each partici-
pant and will be given enough time to complete the same. 
The participants will be measured at baseline, 1-, 2- and 
4-weeks post randomization. Pain and function will be 
assessed using VISA-P questionnaire, KOOS Scale & 
Lysholm knee scoring scales, respectively and also sonograph-
ic patellar tendon assessment of all the participants (table II).

VISA-P questionnaire 
The severity of patellar tendinopathy was measured with 
VISA-P questionnaire. This scale comprises of eight ques-
tions, out of which the initial six use visual analogue scale to 
allocate a score of 0-10, where 10 represents the maximum 
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state, and used to enumerate pain and function in various 
activities, whereas the last two questions evaluate the func-
tional level and ability to perform physical activity (38).

The Knee Injury and Osteoarthritis Outcome 
Score (KOOS)
It is an instrument specific to knee, designed to assess patient 
reported outcomes (both short and long term) about their 
knee and associated problems. It has five separately scored 
subscales of Pain, other Symptoms, Function in daily living 
(ADL), Function in Sport and Recreation (Sport/Rec), and 
knee-related Quality of Life (QOL) (39).

The Lysholm score 
It comprises of eight items and is scored on a scale of 0-100 
assessing knee-related symptoms. These scores integrate 

both objective and subjective data. Objective data is clin-
ically assessed by the physician and subjective functional 
data is obtained from the patients (40).

Sonographic assessment of the patellar tendon 
The thickness of the tendon will be measured in the longitudi-
nal section (with 0-degree knee angle). Therefore, to measure 
entire length of the patellar tendon from inferior margin of 
patella to tibial tuberosity and then find its mid-portion by 
dividing the entire length by 2. The epitendon and paraten-
don will not be included into the measurement.  The echoge-
nicity and fibrillar echo-pattern of the patellar tendon struc-
tures will be evaluated both in the longitudinal and in the 
transversal scans in comparison to Hoffa’s fat pad. 
Ultrasound guided dry needling will be performed by 
certified dry needling physiotherapist at the university of 

Table II. Patient flow of enrolment, assessments, and interventions.

Study Period

Enrolment Allocation Post-allocation Close-out

Timepoint** - t1 0 t1 t2 t3 t4 tx

Enrolment

     Eligibility screen X

     Informed consent X

     Allocation X

Interventions

[Conventional 
physical therapy]

[Ultrasound guided dry 
needling + conventional 
physical therapy]

Assessments 
(Outcome measure)

[VISA-P Score]

[KOOS Score] X X X X X

[Lysholm Score] X X X X X

     Ultrasonographic     
assessment of tendon

X X X X X
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Lahore. All the participants will be advised not to receive 
any other treatment for jumper’s knee. However, nonsteroi-
dal anti-inflammatory drugs (NSAIDs) will be permitted if 
patients have unbearable pain and there will be no schedule 
of outcome assessment in the next 48 hours. There will be 
complete documentation of all such concomitant treatments 
(such as name and dosages of the drugs and treatment dura-
tion) received by the patients during the study.

Blinding
The physical therapist providing interventions will be aware 
of the group allocation of the patients however patients, the 
outcome assessor and statistician will be completely blinded 
to the randomization.

Sample size
The sample size is estimated based on the data provided by 
pilot study. The sample size calculation was based on the 
primary outcome (Lysholm score) of this study using mean 
Lysholm score in experimental group as 70.5 ± 20.695 and 
in control group as 55.50 ± 11.07 using 80% power of test, 
95% confidence interval and 5% margin of error. Total of 
40 cases in each group are estimated by adding 20% drop 
out rate, it will be 48 in each group. This sample size is also 
sufficient for the VISA-P score and KOOS score

Assignment of interventions (for controlled trials)

Blinding
It will be a single blinded trial in which the assessor will be 
kept blind.

Random allocation
The subjects will be randomly assigned to one of two groups 
by using a table of random numbers generated the random-
ization sequence, using a restricted randomization scheme to 
assure equal numbers in each group. Random allocation to all 
groups will be ensured, from all study personnel and partici-
pants by entry of data into computer randomization program 
immediately. 

Concealment of allocation 
Group assignments will be sealed in opaque envelopes and 
opened sequentially by the investigators.

Data collection, management, and analysis

Data collection and management
During the first evaluation, participants will complete the 
visual Analogue Scale (VAS), considering the level of pain 

they feel while practicing their sport’s activity. Participants 
will be explained that a score of 0 indicates the absence of 
pain whereas a score of 10 represents the maximum toler-
able pain. Participants will complete the VISA-P, KOOS 
scale, Lysholm knee scoring scale at baseline,1st, 2nd and 
4th week. 

Statistical method
SPSS (Statistical Package for Social Science) version 24 will be 
used for Statistical analysis. Descriptive statistics will be used 
to explore the data and will be presented in tables and figures  
Data will be displayed as mean and standard deviation (SD) or 
as median and interquartile range (IQR), depending on normal 
distribution of the data. Categorical data will be summarized 
by frequency (n) or percentage (%). Data will be analyzed on 
an intention-to-treat basis; missing data will be imputed using 
multiple imputation. The Kolmogorov-Smirnov and Levene’s 
tests will be used to check the normality and homogeneity of 
variance, respectively, for all measures. An independent sample 
t test/Mann-Whitney test will be used to compare the mean/
mode in both groups. For pairwise comparison and follow-
up, repeated measures ANOVA/Friedman test will be used at 
baseline, second and fourth weeks after the commencement 
of treatment. Data-analysis will be performed by a researcher 
who is blinded to the group allocation. The significance level 
set for all the analysis will be p ≤ 0.05.

DISCUSSION
This study will assess the effects of ultrasound guided dry 
needling in the treatment of patellar tendinopathy. The inter-
vention protocol has been designed based on the critical review 
of the findings from the available literature, our trial has some 
strengths as compared to previous studies. Several outcome 
parameters will be included to measure the intensity of knee 
pain and function, including the VISA-P score, Lysholm score, 
KOOS score and ultrasonographic assessment. The consisten-
cy of these parameters will help to discover the potency of the 
results. It is described in detail so that the study results can be 
reproduced, interpreted, and compared any time.

CONCLUSIONS
We will make sure that this study is a genuinely randomized, 
controlled, single-blinded trial through the complete imple-
mentation of randomization, blindness, and concealment. 
We will strictly follow the guidelines of the Consolidated 
Standards of Reporting Trials (CONSORT). It is important 
to endorse that the results of this trial will provide scientific
and rigorous clinical evidence for the application of ultra-
sound guided dry needling for treatment of jumper’s knee.
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STUDY REGISTRATION 
This randomized controlled prospective study was 
registered with the Iranian Registry of clinical trials 
(IRCT20210409050913N1) on April 17, 2021. The recruit-
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SUMMARY
Background. Recurrence following muscle strain is a serious problem encountered in 
sports. Muscle and fascia are mechanically integrated in transmitting muscular force. 
Fascial injury has been associated with muscle strain which may explain its potential 
contribution to impaired muscle recovery. This study aimed at describing structural 
changes of fascia and muscle as well as limb function recovery during the various heal-
ing stages following strain injury in rodents. 
Methods. Thirty-two adult male Wistar rats were randomly and equally divided into 
four groups: normal control and three muscle strain injury groups. Tibialis Anteri-
or muscle was strained in the three injured groups then all rats were allowed free 
cage mobility until euthanasia after 2 days (acute group), 9 days (subacute group), or 
21 days (chronic and normal groups). The sciatic function index was used to assess 
functional recovery while histopathology scoring and histomorphometry quantified
tissue healing.
Results. Cellularity significantly increased in muscle and fascia tissues only in the acute 
stage (p < 0.05). Collagen degeneration was significant in the acute and subacute stag-
es in muscle (p < 0.05), whereas fascia showed significant degeneration only at the 
subacute stage (p < 0.05). Fascia thickness significantly increased in all examined stag-
es (p < 0.05), while muscle fibers width and interstitial dilatation increased only in the 
acute and subacute stages (p < 0.05). Muscle fibrosis was significant in the subacute 
and chronic stages (p < 0.05). Function was not significantly different between all 
groups at all examined stages (p > 0.05). 
Conclusions. Strain injury involves all fascia and muscle structures. Healing of all 
structures occurs spontaneously by the chronic stage, except for fascia thickness and 
muscle fibrosis. Future studies are recommended to investigate whether incorporating 
fascia as a therapeutic goal would decrease muscle injury recurrence. 
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BACKGROUND 
Fascia is an elastic and contractile connective tissue (CT) 
that integrates the musculoskeletal system anatomically 
and mechanically (1). Muscles have various forms of fascial 
CT, including endomysium, perimysium, epimysium and 
deep fascia (2). There are anatomic and mechanical linkag-

es between muscle and fascia that allow muscle forces to be 
transmitted serially and longitudinally so that the whole body 
is interconnected (3). Muscle strain may occur secondary to 
eccentric overload (active) or excessive overstretch when 
muscles are not contracting (passive), with active eccen-
tric strain being the most common (4). Active strain inju-
ry occurs due to inadequate compressive strength while the 
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passive strain occurs due to inability of the tissue to count-
er the applied force (5). In strain injury, isolated muscular 
lesion is rare whereas injury that involves other muscular 
CT is more commonly reported. Strain may occur at various 
sites, such as at the intramuscular, myofascial, myofascial/
perifascial or musculotendinous regions (6). Although the 
muscle structural, functional, and mechanical changes after 
strain injury have been studied in various animal models 
including rats and rabbits (7, 8) and in humans (9), yet less 
attention has been paid to study fascial changes associated 
with strain injury. A couple of studies assessed fascial inju-
ry accompanying strain in humans using imaging techniques 
such as Magnetic Resonance Imaging (MRI) and Ultrasound 
(US) (10, 11), however, to authors’ knowledge, the structural 
changes in fascia over the various healing stages have never 
been described systematically. Therefore, the purpose of this 
study was to describe the structural changes of Tibialis Ante-
rior (TA) muscle and its neighboring crural fascia as well as 
functional lower limb recovery after induced tendon-stretch 
strain injury in Wistar rats. Understanding fascial changes 
associated with strain injury may direct clinicians’ attention 
to consider fascia as an impaired structure during muscle 
strain rehabilitation in order to minimize recurrence. 

MATERIALS AND METHODS 

Experimental design
This is an observational longitudinal study. Thirty-two adult 
(7-9 weeks) male healthy Wistar rats weighting between 
203-282 g (mean ± SD:  234 ± 22), were obtained from 
and housed at the animal facility of the Faculty of Medi-
cine, Cairo University, Egypt. All animals housing, care and 
experimental procedures were approved by the Institutional 
Animal Care and Use Committee (IACUC) of Cairo Univer-
sity, Egypt (approval number: CU/111/F/31/18). This study
followed strictly the ARRIVE statement for reporting exper-
imental results in animal models.

Procedures 
A sample size of eight animals per group was selected based 
on previous recommendations for studies investigating histo-
morphology and histomorphometry in animal models when 
no previous relevant data are available to calculate the need-
ed sample (12). Animals were allocated randomly and equally 
into four groups using the Excel software random generation 
function as follows: 1) normal control, which served as a refer-
ence standard for normal tissue histological appearance and 
function; 2) acute injury, that was euthanized 48 hrs after inju-
ry in order to study changes associated with the inflammator  
stage (7); 3) subacute injury, that was euthanized on the 9th  

day after injury in order to investigate the regenerative stage 
where tissue regeneration and scar tissue maturation take 
place (7, 13); and 4) chronic injury, that was euthanized on 
the 21st day after injury in order to investigate changes during 
the remodeling phase of healing, where scar tissue is fully 
mature and muscle regeneration is almost complete (7, 13).
TA strain was induced in all injured groups using a valid non-in-
vasive tendon-stretching model (14). Briefl , rats were weight-
ed and anesthetized using intraperitoneal injection of ketamine/
xylazine (100 and 20 mg/kg, respectively). Animals were then 
positioned in a custom-made wooden frame (20 × 12.5 × 7.5 
cm3) with the right hind limb positioned and strapped to a 
footplate, starting with the ankle dorsiflexed to 90° and the 
knee kept in extension. TA was strained by plantar flexing the 
ankle using an external weight corresponding to 150% of the 
animal’s body weight. This weight was attached gradually to 
a hook fastened to the exterior of the footplate (figure 1S). A 
weight with an increment of 25% of body weight was added 
every one minute until the complete weight was hanged. The 
full weight was maintained for 20 min, and the whole proce-
dure was repeated twice, with 3 min rest interval in between. All 
procedures were standardized during the whole experiment.
Animals were housed in standard cages (4 animals/cage), 
kept under controlled temperature and humidity and 
exposed to a balanced 12-hour on/off light cycle. All rats 
were allowed free access to water (ad libitum) and were fed 
standard commercial rodent chow diet. Further, they were 
allowed free cage mobility until their euthanasia. Prior to 
euthanasia, the Sciatic Function Index (SFI) was measured 
in vivo to assess lower extremity kinematics. SFI is a valid 
and reliable assessment tool that scores between 0% (± 11; 
normal) and - 100% (complete loss of function) (15). Brief-
ly, animal’s paws were stained with ink, then they were moti-
vated to walk across a walkway that was lined with squared 
paper sheets. Before actual data collection, rats were allowed 
a few conditioning trials. All trials were recorded simulta-
neously using a video camera to guide footprint selection 
based on their quality.
Two independent investigators selected the most represen-
tative walking footprints, then all sheets were coded and 
concealed using randomly generated numbers from excel 
software by a third researcher who was not involved in SFI 
measurements. Concealed prints were scanned, saved as 
images on a personal computer, then they were measured 
using the Kinovea software, which is an open access applica-
tion for gait analysis (version 0.8.15, https://www.kinovea.
org) (16). Two independent blinded assessors measured the 
following parameters on each image and an average was 
calculated: normal print length (NPL), experimental print 
length (EPL), experimental toe spread (ETS), normal toe 
spread (NTS), experimental intermediary toe spread (EIT) 

https://www.kinovea.org/
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and normal intermediary toe spread (NIT). The SFI score 
was calculated using the following equation (17): 
SFI = - 38.3 × [(EPL - NPL)/(NPL)] + 109.5 × [(ETS-NTS)/
(NTS)] + 13.3 × [(EIT-NIT)/(NIT)] - 8.8
Immediately following euthanasia using cervical dislo-
cation, the skin and superficial fascia of the strained hind 
limbs were cut open. An incision was made on the lateral 
border of crural fascia that covers the TA in order to free 
the muscle and its overlying part of the deep fascia from the 
surroundings. Muscle and fascia were harvested and fixe  
in 10% neutral-buffered formalin for 48 hrs. Then, they 
were dehydrated in a series of graded alcohol and Xylene 
and prepared for histological processing following standard 
protocols. Tissues were embedded in paraffin and stored 
until they were cut into longitudinal 3µ thickness sections 
with a sampling rate of 1:6. Sections were then mounted on 
glass slides and stained using Hematoxylin and Eosin (H & 
E) and Masson trichome stains. Slides labels were coded, 
concealed and they were kept unbroken until all slides 
scoring was completed, verified, and entered into spread-
sheets for further statistical analysis. The area of myotendi-
nous junction (MTJ) with its overlying muscular and fascial 
(deep fascia and muscular CT) tissues which are the main 
site of strain lesion (13) were chosen as the area of interest. 
A single blinded trained assessor evaluated all slides under 
light microscopy for histomorphological assessment. Images 
were captured using a microscopy mounted camera (q500iw, 
Olympus, Japan) before histomorphometry was assessed 
using the Image J software (https://imagej.en.softonic.com) 
under magnifications ranging from 100x to 400x. Slides were 
assessed twice with a one-week interval in between.
The primary outcome for this study was fascia histomor-
phometry including fascia thickness, collagen area (%) and 
density, fibrocytes area (%), as well as fibrocytes nucleus 
perimeter and inflammatory area (%). Measures were done 
employing methods adopted from scoring systems of fasciae 
and other CT (18, 19). All these measures were conducted 
on H & E stained slides, except for collagen area (%) and 
density that were assessed using Masson trichome stained 
slides. Briefl , fascia thickness (µm) was measured to reflect
on the overall change in fascia structure, a parameter reflec -
ing tissue flexibilit , stiffness and fluid dynamics. Thickness 
was measured at 100x magnification using the straight-line 
tool function of image J for three times at different sites: 
two measures were taken at fascia periphery and one at the 
middle (18). The average of the three measures was calculat-
ed and used for further statistical analysis. 
Collagen constitutes a key component in fascia that 
commonly shows signs of degeneration or increased scar-
ring following strain injury and reflects the tissue tensile 
strength (7, 13). Collagen was quantified by measuring 

collagen area (%) and integrated density (IntDen). The area 
(%) represents the number of pixels or “%” of the speci-
fied color in the image while the IntDen is the pixel inten-
sity or the amount of collagen stain present. The increase in 
both parameters indicate increased collagen synthesis and 
the reverse is true. Both parameters were measured in five
fields at 100x by using the split function and green color 
thresholding in the image J software (18). 
Fibrocytes and inflammatory cells increased number and size 
may reflect the intensity of inflammatory reaction induced 
by the strain injury. These cells were quantified in six imag-
es at 400x magnification using red components thresholding 
employing the split function of image J, which analyzes the 
area percentage of cells and the perimeter of nuclei (µm) (19).   
The secondary outcomes were muscle histomorphology and 
histomorphometry as well as limb functional recovery. Muscle 
histomorphology was assessed using a semi-quantitative scor-
ing of H & E stained slides at three different locations under 
light microscopy at 100x magnification. This scoring system 
assesses muscle fibers morphology and integrity, extracellular 
inflammatory infiltration (endomysial and perimysial), inter-
stitial dilatation (endomysial and perimysial) and fibrosis (20). 
All items were scored using a 3-point scale, with 0 indicat-
ing absence of damage, 1: moderate damage, and 2: severe 
damage (table IS). Histomorphometric measures using image 
J included muscle fibers width and fibrocytes number count 
measured in six fields at 100x magnification. Muscle fibe  
width (µm) was assessed using the straight-line tool of image J, 
which measures the maximum distance between two oppos-
ing points of muscle fiber while fibrocytes count was calculat-
ed using analyze particles tool of image J. The worst score in 
each outcome measure (per animal specimen) was taken for 
comparison to determine the strain injury healing potentials.

Statistics 
Descriptive statistics are presented as median and range. 
Due to the small sample size and non- normal distribution 
of the data, the non-parametric Kruskal and Wallis test was 
used followed by Mann-Whitney test to compare between 
groups. All statistical analyses were performed using the 
SPSS 21.0 for windows (IBM incorporation, IL, USA), with 
the p-value set at p < 0.05 to declare significance

RESULTS
One animal from the subacute injury group died sponta-
neously, leaving 31 animals for SFI scoring. For the remain-
ing animals, a total of 29 specimens were assessed for histo-
pathology and/or histomorphometry (two specimens were 
damaged during histological processing: one in normal and 
one in chronic injury groups). 
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Fascia histomorphometry (see table I, 
figures 1, 2)
Fascia thickness (µm) median (range) in the normal group 
was 190.3 (129.5-209.4) µm. The acute injury group showed 
the thickest fascia with a median (range) of 376.8 (130.8-
908.1) µm. Compared to normal group, all injury groups 
had significantly thicker fascia (p < 0.05) figure 2S).
Collagen area (%) median (range) of the normal control 
group was 64.6 (51.1-76.4)%. The subacute injury group 
had the smallest area (%), with a median (range) of 50.7 
(35.1-58.0)%. Collagen IntDen median (range) in the 
normal group was 690693.4 (545888.7- 815884.6). The 
subacute injury group showed the lowest IntDen: 542229.9 
(374943.3- 619834.7). Both variables were significantly
lower in the subacute injury group compared to normal and 
chronic injury groups (p < 0.05) (figures 3S, 4S).

Fibrocytes area (%) median (range) of the normal control 
group was 1.0 (1.0-2.5)%. The acute injury group showed 
the greatest increase of 4.3 (1.1- 6.9) % (figure 5S). 
Nucleus perimeter (µm) median (range) in the normal 
group was 34.1 (20.3-61.3) µm whereas the acute injury 
group had the largest perimeter of 68.3 (45.3-193.0) µm 
(figure 6S). The inflammatory area (%) median (range) of 
the normal control group was 0.5 (0.0-0.9) %. The acute 
injury group showed the greatest increase with a medi-
an of 2.4 (0.5- 4.2) % (figure 7S). Only the acute injury 
group showed significant increase of all cellular variables 
compared to the remaining groups (p < 0.05). The chron-
ic injury group showed significant increase in inflamm -
tory area (%) compared to normal group (p = 0.045), 
with only 28.50 % of this group rats showing signs of 
inflammation

Figure 1. Photomicrograph of Masson stained histologic 
specimens of distal TA muscle (M) with the overlying crural 
fascia (CF) at 100X magnification. 
1) Normal fascia thickness (2 headed arrows) with collagen fibers aligned paral-
lel to each other within the same layer; 2) Acute injured rat with increased fascia 
thickness; 3) Subacute injured rat with decreased collagen area and density; and 
4) Chronic injured rat with increased fascia thickness and collagen regained its 
density relative to the subacute stage. T: Tendon; MTJ: Myotendinous Junction.

Figure 2. Photomicrograph of H & E stained histologic speci-
mens of distal crural fascia (CF) at 400X magnification. 
1) Normal rat with elongated fibrocytes (arrow); 2) Acute injured rat show-
ing increased number of fibrocytes and enlarged nuclei with presence of 
inflammatory cells (Asterix); 3) subacute and 4) chronic injured rats with 
fibrocytes regaining their normal number and size with disappearance of 
inflammatory cells

Table I. Between groups comparisons of fascia histomorphometry. 

Normal Acute Sub-acute Chronic
Fascia thickness (µm) 190.3

(129.5-209.4)
376.8
(130.8-908.1)

316.5
(145.3-510.0)

319.5
(155.2-595.7)

p = 0.011a*(0.6), 
0.563b(0.1), 0.418c(0.2)

p = 0.048a*(0.5), 
0.749c(0.1)

p = 0.018a*(0.6)

Collagen area % 64.6
(51.1-76.4)

56.3
(39.3-69.3)

50.7
(35.1-58.0)

69.5
(45.7- 90.6)

p = 0.105a(0.4), 0.130b(0.4), 
0.105c(0.4)

p = 0.009a*(0.7), 
0.034c*(0.6)

p = 0.565a(0.1)
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Collagen 
integrated density  

690693.4
(545888.7-815884.6)

6016561.8
(420280.9-740827.6) 

542229.9 
(374943.3 -619834.7)

742665.0 
(488714.6 -968178.0)

p = 0.105a(0.4), 0.164b(0.4), 
0.105c(0.4)

p = 0.009a*(0.7), 
0.034c*(0.6)

p = 0.565a(0.1)

Fibrocytes area % 1.0
(1.0-2.5)

4.3
(1.1-6.9)

1.6
(0.4-2.5)

1.1
(0.8-2.1)

p = 0.004a*(0.7), 
0.011b*(0.6), 
0.005c*(0.7)

p = 0.365a(0.2), 0.223c(0.3) p = 1.000a(0.0)

Nucleus perimeter (µm) 34.1
(20.3-61.3)

68.3
(45.3-193.0)

36.3
(27.3- 59.2)

41.1
(22.5- 81.3)

p = 0.005a*(0.7), 
0.003b*(0.8), 
0.021c*(0.6)

p = 0.749a(0.1), 0.848c(0.1) p = 0.565a(0.1)

Inflammatory area% 0.5
(0.0-0.9)

2.4
(0.5- 4.2)

0.00
(0.0-1.5)

0.0
(0.0-0.8)

p = 0.005a*(0.7), 
0.007b*(0.7), 
0.001c*(0.8)

p = 0.556a(0.2), 0.413c(0.2) p = 0.045a*(0.5)

Data are expressed as median, (min-max), p and effect size (R) values of the comparisons. *Significant level set at p < 0.05. aCompared to normal control 
group; bCompared to subacute injury group; cCompared to chronic injury group. P(R): R is the effect size.

Normal Acute Sub-acute Chronic

Muscle histopathology and histomorphometry 
(see table II, figure 3)
Muscle fiber morphology and integrity scores for the 
normal animal’s median (range) were 0 (0-1). The acute and 
subacute injury groups had the highest scores: 1 (1-2) and 
1 (1), respectively (figures 8S, 9S). For histomorphometry, 
fibers width (µm) median (range) for the normal animals 
was 32.5 (21.5- 52.9) µm. The acute injury group had the 
highest score: 57.8 (34.9-68.0) µm (figure 10S). All muscle 
fibers parameters were significantly higher in the acute and 
subacute injury groups compared to the normal and chronic 
injury animal groups (p < 0.05).
For extracellular inflammatory infiltration, the endomy-
sial and perimysial inflammatory scores median (range) for 
the normal animals were 0 (0-2). The acute injury group 
showed the highest percentage of rats showing signs of 
severe inflammation scoring 2 (1-2). The endomysial infla -
matory score was significantly higher only in the acute inju-
ry group compared to normal and chronic injury groups 
and in the subacute injury group compared to chronic inju-
ry group (p < 0.05), whereas the perimysial inflammatory
score was significantly higher only in this group compared 
to all remaining animal groups (p < 0.05) (figures 11S, 12S).
For interstitial dilatation, the endomysial and perimysial dila-
tation median (range) scores for the normal animals were 0 

Figure 3. Photomicrograph of H & E stained histologic spec-
imens of distal TA muscle (M) with the overlying crural fascia 
(CF) at 100X magnification. 
1) Normal specimen with homogenous muscle fibers and minimal spacing 
between them; 2) Acute injured rat specimen with increased muscle fiber  
width (2 headed arrow) and endomysial inflammation (*); 3) Subacute 
injured rat specimen with heterogeneous muscle fibers and increased perimy-
sial dilataion (*); 4) Chronic injured rat with homogenous muscle fiber  
but remaining fibrous tissue (1 headed arrow). T: Tendon; MTJ: Myotendi-
nous Junction.
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Table II. Between groups comparison of muscle histopathology and histomorphometry measures. 

Normal Acute sub-acute Chronic

Muscle fibers morphology 0
(0-1)

1
(1-2)

1
(1)

0
(0-1)

p = 0.004a*(0.7), 
0.080b(0.5), 
0.009c*(0.7)

p = 0.007a*(0.7), 
0.023c*(0.6)

p = 0.591a(0.1)

Fiber integrity 0
(0-1)

1
(1-2)

1
(1)

0
(0-1)

p = 0.004a*(0.7), 
0.080b(0.4), 
0.009c*(0.6)

p = 0.007a*(0.7), 
0.023c*(0.6)

p = 0.591a(0.1)

Endomysial inflammatory infiltration 0
(0-2)

2
(1-2)

1
(0-2)

0
(0-1)

p = 0.006a*(0.7), 
0.054b(0.5), 
0.001c*(0.9)

p = 0.165a(0.4) , 
0.031c*(0.6)

p = 0.476a(0.2)

Perimysial inflammatory infiltration 0
(0-2)

2
(1-2)

1
(0-1)

0
(0-1)

p = 0.006a*(0.7), 
0.003b*(0.8), 
0.001c*(0.8)

p = 0.467a(0.2), 
0.298c(0.3)

p = 0.872a(0.1)

Endomysial dilatation 0
(0-1)

1
(0-2)

2
(0-2)

0
(0-1)

p = 0.022a*(0.6), 
0.667b(0.1), 
0.007c*(0.7)

p = 0.114a(0.4), 
0.059c(0.5)

p = 0.530a(0.2)

Perimysial dilatation 0
(0-1)

1.5
(0-2)

2
(0-2)

1
(0-1)

p = 0.012a*(0.6), 
0.847b(0.1), 
0.012c*(0.6)

p = 0.014a*(0.2), 
0.014c*(0.7)

p = 1.000a(0.0)

Fibrosis 0
(0-1)

0
(0-2)

1
(1)

1
(1)

p = 0.533a(0.2), 
0.178b(0.3), 0.178c(0.3)

p = 0.007a*(0.7), 
1.000c(0.0)

p = 0.007a*(0.7)

Fiber width (µm) 32.5
(21.5-52.9)

57.8
(34.9-68.0)

46.5
(37.2-93.6)

35.5
(28.5- 49.3)

p = 0.025a*(0.6), 
0.655b(0.1), 
0.025c*(0.6)

p = 0.025a*(0.6), 
0.025c*(0.6)

p = 0.654a(0.2)

Cellularity number 148
(65- 202)

288
(166-336)

128
(80- 150)

180
(21- 196)

p = 0.004a*(0.8), 
0.002b*(0.8), 

0.013c*(0.7)

p = 0.306a(0.3), 
0.096c(0.4)

p = 0.482a(0.2)

Data are represented as median, (min- max), p and effect size (R) values of the comparisons. *Significant level set at p < 0.05. aCompared to normal control 
group; bCompared to subacute injury group; cCompared to chronic injury group. P(R): R is the effect size.
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(0-1). The subacute injury group showed the highest percent-
age of rats having the greatest dilatation: 2 (0-2). The endomy-
sial dilatation score was significantly higher only in the acute 
injury group compared to normal and chronic injury groups (p 
< 0.05), whereas perimysial dilatation was significantly higher 
in acute and subacute injury groups compared to normal and 
chronic injury groups (p < 0.05) (figures 13S, 14S).
Morphometric fibrocytes number median (range) for the 
normal animals was 148 (65- 202). The acute injury group had 
the highest fibrocyte number: 288 (166-336). Only the acute 
injury group significantly had greater cell count compared to 
the remaining animal groups (p < 0.05) (figure 15S).
Fibrosis median (range) score for the normal animals group 
was 0 (0-1). Only the subacute and chronic injury groups 
showed the greatest amount of fibrosis with all animals 
scored as one, which was significantly higher than the 
normal group (p < 0.05) (figure 16S). 

SFI results
The SFI median (range) scores were: - 14.8 (- 18.3-1.9) for 
the normal control, - 13.9 (- 29.1 - - 3.8) for the acute, - 14.7 
(- 36.4 - - 0.1) for the subacute, and - 12.4 (- 29.3-1.8) for 
the chronic injury groups. All groups were not statistically 
different (p > 0.05) (figure 17S).

DISCUSSION 
This study describes the histomorphological and histopatho-
logical changes in fascia and muscle as well as lower limb 
function during muscle strain injury healing from the acute 
through the chronic stages. Studying strain injury in humans 
is challenged by random onset and variable clinical presenta-
tions of injury. Thus, animal models are optimal in controlling 
such confounders allowing controlled investigation of inju-
ry mechanisms and their associated changes in vivo. In this 
study, muscle strain was induced by passive elongation of the 
TA muscle using a simple, valid and reliable method (14). 
The current study provides evidence that fascia and muscle 
pathological changes almost fully recover spontaneously by 
the chronic stage. On the other hand, there was no evidence 
of limb functional impairment at any given stage.
In this study, strain was induced in TA muscle as it has easi-
ly accessible superficial parallel muscle fibers, which allows 
applied force to act uniformally on muscle fibers and the MTJ 
(21). Previous studies focused on investigating eccentric strain 
rather than strain secondary to passive stretch, thus, we opt 
to compare the current study results to what is available in 
literatures regardless to the method of strain induction. Strain 
injury is associated with acute inflammatory response that is 
characterized by fibrocytes proliferation and inflammator  
infiltration starting from the 1st hour after injury and lasting up 

to 7 days (22). This is in an agreement with the findings of the 
current study that fibrocytes and inflammatory cells number 
increased in both fascia and muscle tissues in the acute stage 
and returned to normal values by the subacute stage. This 
inflammatory response may have an important role in clear-
ing tissue debris and stimulating the regenerative property of 
muscle stem cells in order to facilitate regeneration (23). Only 
two rats (28.5%) in the chronic group showed persistent fascia 
inflammation. This could be attributed to individual animal 
responses to strain injury. Furthermore, evidence supports 
that mononuclear cells can reside in normal tissue and can be 
stimulated by different pathophysiological situations (24). 
Muscle and fascia showed collagen and sarcoplasmic 
membrane degeneration. These changes were evident earli-
er in muscle (acute stage) than in fascia (subacute stage). 
Early appearance of muscle changes, prior to fascia, could 
be explained by MTJ being the primary site of induced inju-
ry (13). MTJ is a transitional zone between muscle fibers
and tendon. It is a site rich in collagen contents especially 
collagen XXII which is not evident elsewhere in muscle and 
tendon and might contribute to MTJ stiffness and reduced 
energy absorption capacity compared to its surrounding 
structures (25). The reduction in collagen in the current 
findings is in an agreement with the previous observation 
that fibers damage following eccentric strain precedes 
phagocytosis at the injury site (26). Also, this damage may 
have continued through the subacute stage, whereas signs of 
regeneration appeared approximately at the chronic stage. 
This has been previously reported after active eccentric 
muscle strain in humans (27). In the current study, collagen 
structure recovery in muscle and fascial tissues was appar-
ent by the chronic stage. This recovery could be expected 
as this model shows mild induced strain which previous-
ly showed full reversibility of collagen linking when tested 
mechanically in vitro (28). 
Fascia thickness, muscle fibers width, and interstitial tissue 
spaces increased in the acute and subacute stages. The 
increase shown in the acute stage could partly be attribut-
ed to tissue swelling associated with the early inflammat -
ry response, which usually resolves by the 7th day (7). On 
the other hand, tissue repair and remodeling are thought to 
start by the end of the 1st week and peaks by the 2nd (29). 
The increased structural volume associated with this process 
might be responsible for the persistent geometric increase 
in tissue size. Increased muscle fibers width during the 
subacute stage was associated with an evident fibrous heal-
ing, considering that the MTJ is the main site of strain injury 
(13). By the chronic stage, fascia thickness increased, which 
might be a consequence of random collagen laydown prior 
to completion of tissue remodeling, a process that is expect-
ed to take longer time than that occurring in muscle tissue as 
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was shown in eccentric-induced strain injuries (30). On the 
other hand, although muscle restored normal fibers width, 
yet fibrotic tissue continued to be evident (31). Scar tissue 
usually matures around the 2nd week and continues after-
wards (7, 13). This reparative process could be expected to 
negatively influence muscle mechanics and full regeneration.
Structural changes were not only confined to the crural 
fascia and TA muscle, but also to all examined intramus-
cular CTs. At the acute stage, endo and perimysial spac-
es showed obvious increased dilatation and inflammatory 
infiltration. Endomysium may play a substantial protective 
role for muscle against strain. This is in line with the predic-
tions based on biomechanical modeling that endomysium 
may play a substantial role in providing passive resistance 
to excessive overstretch and strains within fibers at the MTJ 
(32). The observed extracellular matrix (ECM) inflamma-
tion is in an agreement with similar findings associated with 
active eccentric strain in humans where greater inflamma-
tion was observed in the perimysium than the endomysium 
(33). By the subacute stage, fibrosis started to appear in the 
perimysium, a change that continued throughout the chron-
ic stage. Inflammatory cells release growth factors that trig-
ger fibroblasts to synthesize collagen and fibrosis within the 
ECM. Reduced matrix flexibility may result in muscle short-
ening, limited extensibility, and increased risk of recurrence.
The current study showed no evidence to support changes 
in limb function as measured by SFI during various healing 
stages following strain injury. This is in an agreement with 
the findings of Ramos et al. (14) who reported deterioration 
of SFI scores that was evident by 12 h only and recovered 
after 24 h. As animals were allowed free cage mobility, thus, 
animals practiced the usual functional tasks that were similar 
to that assessed by the SFI testing, an activity which may have 
preserved their normal locomotion pattern. Normal perfor-
mance in SFI testing doesn’t guarantee optimal performance 
in sports field as the latter put more stresses on the musco-
loskeletal system. In the future, rats can be assessed using 
more challenging tests than SFI to give a more relevant clin-
ical picture of how they would perform in sport activities. 
Identifying that fascial injury is a part of the strain injury 
and how it heals through the different stages and targeting 
them in treatment would likely to affect the rehabilitation 
outcomes. Recurrence of strain injury in sports is a common 
problem that can occur during rehabilitation or early after 
athletes return to sport (34) as was proved in hamstrings 
reinjury that occurred at the same location with a more 
severe nature (35). Recurrence can be referred to incom-
plete tissue healing or injured tissues that were not previous-
ly considered to be affected by the strain injury. Even more 
it has been found that the amount of ECM injury affects the 
prognosis and recurrence (36). 

There are general guidelines concerning treatments that can be 
applied in different healing stages of strain injury (37) but their 
effects are not known for the fascial injured tissues. For example, 
it was suggested that short period of immobilization followed 
by mobilization after strain injury is the best for collagen, but 
their effects were tested on muscular tissue only (38) and is not 
known if certain types of loading early after strain injury would 
favor fascia healing. Based on our results, we recommend inves-
tigating the effect of manual therapies such as friction massage 
or loading exercises at the subacute and chronic stages as scar 
tissue and collagen malalignment seems to be the persistent 
pathological changes in fascial injured tissues. Further, fascia 
healing in humans may be investigated using imaging techniques 
such as US and MRI and to correlate the effect of adding fascia 
therapy to strain injury healing and the rate of injury recurrence. 
To authors’ knowledge, this is the first longitudinal study to 
describe fascia and muscle changes associated with stretch-in-
duced passive muscle strain in different healing stages using 
quantitative objective and semi-quantitative methods. In this 
study, potential risks of bias were minimized by employing 
assessor’s training and blindness as well animals’ grouping and 
specimens’ randomization and concealment. However, a few 
limitations exist: first, the nature of animal research and the 
destructive nature of the histopathological outcome measures 
made it impossible to have baseline data for the same rats. 
As animals are generally homogenous, the control data were 
assumed to reflect baseline values. Second, although in this 
study animals were followed until the chronic stage, yet studies 
are recommended to consider a longer follow-up period until 
full recovery is accomplished. Third, only structural changes 
and limb kinematics are reported. Future studies are encour-
aged to assess tissue mechanics, which is an important determi-
nant for full tissue recovery. Also, future studies may consider 
measuring other variables that may reflect tissue stiffness such 
as changes in the core temperature or using ultrasound elastog-
raphy. Further, studying changes at the molecular level and the 
use of in vivo imaging techniques may give clearer insights into 
strain-associated changes at different intervals for the same rats.

CONCLUSIONS
In summary, this study provides evidence that fascia and 
muscle structural changes are apparent by the acute stage 
and almost recover by the chronic stage. In the acute stage, 
both muscle and fascia structures showed hypercellularity 
and inflammatory infiltration. In the subacute stage, the two 
tissues showed significant collagen degradation. By the chron-
ic stage, increased fascia thickness and muscle fibrosis were 
the only remaining residuals. Future studies are recommend-
ed to investigate therapeutic interventions that may address 
fascia in rehabilitation in order to optimize full tissue recovery. 
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SUPPLEMENTS 
Table IS. Semiquantitative scoring tool to assess muscle damage adopted from Rizo-roca et al. (20).

Domain 0 1 2
Muscle fibers morphlology
Abnormal (small, rounded, angular, splitted or 
hypertrophied fibers

< 4 fiber 4-7 fiber > 7 fibers or
entire fascicle

Muscle fibers integrity
Necrotic or degenerating (basophilic, light stained, central nuclei 
or myophagocytosed fibers

absent 1-2 fiber > 2 fiber

Endomysial inflammatory infiltration
Small, mononuclear cells in the endomysium

< 6 cells ≥ 6 cells or 1 cluster > 1 cluster or 
entire fascicle

Perimysial inflammatory infiltration
Small, mononuclear cells in the perimysium

≤ 10 cells > 10 cells > 2 clusters or 
widely diffused

Endomysial dilatation
Space between individual muscle fiber

Tight space Moderately distended completely distended

Perimysial dilatation
Space between fasicles

Tight space Moderately distended completely distended

Figure 1S. Strain induction setup. Figure 3S. Boxplots showing fascial collagen density in all 
animal groups

Figure 2S. Boxplots showing fascia thickness scores in all 
animal groups.

Figure 4S. Boxplots showing fascial collagen area (%) scores 
in all animal groups.
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Figure 5S. Boxplots showing fascial fibrocytes area (%) scores 
in all animal groups.

Figure 8S. Boxplots showing muscle fiber morphometry 
scores in all animal groups.

Figure 6S. Boxplots showing fascial nucleus perimeter scores 
in all animal groups.

Figure 9S. Boxplots showing muscle fiber integrity scores in 
all animal groups.

Figure 7S. Boxplots showing fascial inflammatory area (%) 
scores in all animal groups.

Figure 10S. Boxplots showing muscle fiber width scores in all 
animal groups.
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Figure 11S. Boxplots showing muscle endomysial inflamma-
tion scores in all animal groups.

Figure 14S. Boxplots showing muscle perimysial dilatation 
scores in all animal groups.

Figure 12S. Boxplots showing muscle perimysial inflamma-
tion scores in all animal groups.

Figure 15S. Boxplots showing muscle fibrocytes scores in all 
animal groups.

Figure 13S. Boxplots showing muscle endomysial dilatation 
scores in all animal groups.

Figure 16S. Boxplots showing muscle fibrosis scores in all 
animal groups.
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Figure 17S. Boxplots showing the SFI scores of all animal 
groups.

Figure 19S. Images for muscle in (A) acute and (B) subacute 
stages of strain injury.

Figure 18S. Images for normal rats showing nuclei of fascial 
fibrocytes.

Asterix (*) represent the perimysial dilatation and inflammation while 
arrows represent the endomysial inflammation and dilatation
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SUMMARY
Background. Abnormal joint loading is a contributor factor to develop and progress of 
osteoarthritic knee joint degeneration. Various approaches have been used to measure 
joint contact forces in the patients with knee osteoarthritis (OA). Evaluation of knee 
adduction moment based on inverse dynamic (ID) approach is a surrogate marker for 
medical compartment loading in people with knee OA. It is controversial whether 
joint loading increases in this group of subjects or not. Therefore, the aim of this study 
was to evaluate  knee joint contact force in the subjects with OA based on OpenSIM 
modelling approach. 
Methods. 10 knee osteoarthritic patients and 10 normal subjects with comparable  age, 
height an weight were recruited in this study. A motion analysis system with 7 high-
speed camera and a Kistler force plate was used to record the motions of the subjects 
while walking and the force applied on the legs,  respectively. OpenSim software was 
used to evaluate joint contact forces.    
Results. Although the mean value of the second peak of GRF in OA group decreased 
significantly compared to normal subjects (P-value = 0.0005), the mean value of 
the force applied on the leg in midstance phase increased significantly compared to 
normal subjects (P-value = 0.0005). The range of motion of ankle, hip and knee joints 
decreased in OA group compared to normal subjects (P-value < 0.05). The peaks 
of knee joint contact forces decreased significantly in OA subject (P-value > 0.001). 
Moreover, the peak of joint contact force of ankle in OA group was less than that of 
normal subjects. 
Conclusions. The results of this study showed that the loads on knee joint (both based 
on moments and knee joints contact force omponents) of the subjects participated in 
this study was significantly less than that of normal subjects. This may be due to use 
of compensatory mechanisms selected by the subjects. It is highly recommended to 
repeat the research on more number of the subjects with various severities of knee 
joint OA. 
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Knee osteoartrities; load; joint contact force; moment; diet; joint loading; knee joint.
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INTRODUCTION
Knee osteoarthritis (OA) influences the abilities of the subjects 
during daily activities and finally influences their quality of 
life (1, 2). Most of the subjects with knee OA have pain while 
walking, decrease in the knee range of motion (ROM) and 

instability of knee joint (which influence their stability in 
standing and walking). They have to use some mechanism to 
reduce their pain while walking (2, 3).
It seems that abnormal loading condition is a contributor 
factor to develop and progress of joint degeneration (4, 5). 
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Unfortunately, it is not too practical to measure directly the 
loads applied on knee while walking. Assessment of muscles 
forces and joint contact forces are essential to understand 
how knee OA develops and progresses. Various approaches 
have been used to measure joint contact forces in this group 
of subjects (5, 6). The most accurate approach is to use direct 
measurement technique in this regard. However, there are 
very few studies which directly measured the loads of knee 
joint while walking. 
Evaluation of knee adduction moment based on inverse 
dynamic (ID) approach is a surrogate marker for medical 
compartment loading in people with knee OA (5). However, 
it is controversy wheather adduction moment of knee joint is a 
validated predictor parameter for knee joint loading (although 
there is a moderate correlation between the peak of the adduc-
tion moment and knee joint OA severity) (7). Moreover, it does 
not take into account muscles co-contraction (in subjects with 
knee OA, there is a co-contraction of hamstring and quadri-
ceps muscles to stabilize knee joint) (5). Based on the results of 
the recent studies, decreased knee adduction does not guaran-
tee decreased medial contact forces measured based on knee 
prosthesis sensor while walking (6, 8). Based on the results 
of the study done by Meireles et al., mechanical loading of 
knee joint was not significantly higher in early OA subjects 
(based on knee adduction moment and knee contact force) 
(8). However, mechanical loading was higher significantly in 
well stablished OA compared to early OA subjects. Anoth-
er way to evaluate the loads applied on knee joint is based 
on modelling approach (5). Currently knee joint contact force 
can be evaluated by use of some software such as OpenSim 
and Anybody. This may be done based on EMG-driven-mus-
culoskeletal modelling (9). There were a few studies based on 
this approach in literature. The results of these studies showed 
that subjects with knee OA showed higher medial joint load-
ing in early stance phase (9). In other study, it was showed that 
the peak of knee joint contact force decreased with OA severi-
ty which may be due to compensatory mechanism used by this 
group of subjects (4). Moreover, it was shown that the loads 
applied on knee joint depends on duration of walking in OA 
subjects (the first peak of knee joint contact force increased 
significantly during weight acceptance phase after 30 to 40 
minutes of walking) (10). 
Based on the above-mentioned studies, adduction moment 
of knee joint is not a symbol for knee joint loading (however 
it was measured in most of available studies on knee joint 
loading). Moreover, it is controversial whether joint loading 
increases in this group of subjects or not. Therefore, the aim 
of this study was to evaluate the knee joint loading in the 
subjects with OA. The main hypothesis associated with this 
study was that the knee joint contact force was higher in the 
subjects with knee OA compared to normal subjects.

METHODS
10 subjects with knee osteoarthritis were recruited in this 
study. Moreover, there was a control group matching with 
the first group based on age and height. The first group 
was selected from those referred to Rehabilitation Faculty 
of Isfahan University of Medical Sciences physical thera-
py Clinic or for bracing between 2017 and 2018. The main 
inclusion criteria to select the subjects were age between 40 
and 60 with knee severity OA grade 2 or more based on KL 
grade with abilities to stand and walk independently (with-
out use of crutch or any other assistive devices) and with-
out any other musculoskeletal disorders which influence the 
abilities of the subjects in standing and walking.
Ethical approval was obtained from Isfahan University of 
Medical Sciences, ethical committee. (Protocol Number 
IUM5698067. - date: 2018/05) Furthermore, we followed 
Helsinki Protocol. Moreover, a consent form was assigned 
by each participant before data collection.

Equipment
A motion analysis system with 7 high-speed camera (Qualisys 
motion analysis system, Switzerland) was used to record the 
motions of the subjects while walking. The force applied on 
the legs were recorded by a Kistler force plate. Range of ankle, 
knee, hip, pelvic and trunk motions, peaks of ground reaction 
force (GRF), peaks of the moments applied on ankle, knee 
and hip joints and peaks of joint contact force of ankle, knee 
and hip were the parameters selected in this study.

Procedure
The subjects were asked to walk with comfortable speed 
along a 10-meter walkway to collect 5 successful trials. The 
data of both force plate and camera were collected with the 
frequency of 120 Hz and were filtered with Butterworth 
low-pass filter with cut-off frequency of 10 Hz
Some reflective markers were attached on both right and 
left 1st and 5th metatarsal heads, heels, medial and lateral 
malleolus, medial nad lateral knee epicondyles, anterior and 
superior iliac spine and greater trochanter. The data were 
collected with QTM software and were saved as c3d file  
In MOKKA, an open-source software powered by open-
source library Biomechanical Toolkit (BTK), the output file  
were prepared to be used in OpenSim software. OpenSim is 
open-source software for modelling and simulating musculo-
skeletal systems created and developed by Stanford Univer-
sity since 2010 (11). The Rajagopal model was used which 
consists of a model with 23 degrees of freedom and 95 actu-
ators for muscles. The model was scaled by the use of static 
trial which was collected from each subject while standing in 
anatomical position. During scaling, the Root Mean Square 
value which is the difference between the same virtual and 
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real markers was less than 0.03 (m) for each subject. In the 
next step, inverse kinematics and inverse dynamics were run 
based on the scaled model and the center of mass was adjust-
ed by the use of Residual Reduction Algorithm (RRA). All 
muscle excitation have been computed  using Computer 
Mmuscle Control (CMC) tool. In the next step, joint contact 
force was analyzed based on the CMC outputs. 

Data management
The peaks of ground reaction force (GRF), moments 
applied on the joints and joint contact forces were normal-
ized to body weight (BW), body mass (Kg) and weight (N), 
respectively.

Data analysis
The normal distribution of the aforementioned parameters 
were evaluated by use of the Shapiro-Wilk test. Since the data 
had a normal distribution, two-sample test was used to deter-
mine the difference between the mean values of the aforemen-
tioned parameters (the significant point was set to 0.05). All 
statistical tests were done by use of SPSS software (version 21).

RESULTS
Table I shows the characteristics of the subjects participat-
ed in this study. As can be seen from this table, there was 
no significant difference between the mean values of age, 
weight and height of the participants.
Table II represents the mean values of spatiotemporal gait 
parameters of normal and those with knee OA. Those with 
knee OA walked with velocity of 0.655 m/s ± 0.224 compared 
to 1.27 ± 0.146 m/s of normal subjects (P-value of differ-
ence = 0.0005). There was a significant difference between 
the mean values of all spatiotemporal gait parameters in OA 
group compared to normal subjects (P-value < 0.05).
The mean values of ground reaction force component 
(GRF) of both group are also shown in table II. Although 
the mean value of the second peak of GRF in OA group 
decreased significantly compared to normal subjects (P-val-
ue = 0.0005), the mean value of the force applied on the 
leg in midstance phase increased significantly compared to 
normal subjects (P-value = 0.0005).
The pelvic range of flexion/extension motion did not differ 
significantly between normal and OA subjects (P-value = 
0.18). However, the range of motion of pelvic in frontal and 
transverse planes decreased significantly in OA group. The 
ROM of ankle, hip and knee joints decreased in OA group 
compared to normal subjects (P-value < 0.05). The inter-
esting point was that the ROM of trunk motion decreased 
in OA group, however, it was significant only for flexion
extension and rotation (table III). 

Although the mean values of the moments applied on lower 
limb joints decreased in OA significantly for most of the joints, 
the mean value of the second peak of adduction moment in 
OA group increased compared to normal subjects. Table IV 
summarizes the mean values of the peaks of the moments of 
leg joints in both groups of normal and OA subjects. 
The mean values of joint contact force components (hip, 
knee, and ankle joints) are summarized in table V. As can 
be seen from this table, the peak of ground reaction force 
components of hip joints in vertical direction, anteropos-
terior and mediolateral directions decreased significantly
in OA subjects compared to normal subjects. The inter-
esting point was that the peaks of knee joint contact forces 
decreased significantly in OA subject (P-value < 0.05). The 
peak of joint contact force of ankle in OA group was less 
than that of normal subjects. 

DISCUSSION
Those with knee osteoarthritis suffer from some problems 
such as pain while standing and walking, knee joint instabil-
ity, and reduction in knee joint range of motion. They may 
use some compensatory mechanisms to reduce their pain 
while walking. There are some research which evaluated 
knee joint contact forces by use of adduction moment or 
by modeling to determine the joint contact force in those 
with knee osteoarthritis compared to normal subjects (1, 
3, 4, 6, 7, 12, 13). Although based on adduction moment, 
which is indirect measure of knee joint loading, the loads 
applied on knee joint increased in those with OA, modeling 
or direct measure of knee joint modeling did not support it 
(8). Therefore, it is controversial whether knee joint loading 
increased in those with knee OA or not. 
The results of this study confirmed that both knee joint 
contact force components and moments decreased signifi-
cantly in OA subjects compared to normal subjects (tables 
IV, V). The interesting point was that the knee joint contact 
force in other joints of lower limb also decreased in OA 
group. The main question posted here is why joint contact 
forces decreased in the subjects with knee osteoarthritis?
The interesting point which should be considered here is 
that the severity of knee OA of the subjects participated in 
this study was more than 2 based on KL grade. Therefore, 
they have pain while walking and use a compensatory mecha-
nism to reduce their pain in walking. The main compensatory 
mechanism selected by this group of the subjects is reducing 
walking speed. As can be seen from the results of the current 
study, the mean values of spatiotemporal gait parameters of 
the OA group decreased significantly compared to normal 
subjects (table II). The mean value of walking speed of OA 
group was 0.655 ± 0.224 m/s compared to 1.27 ± 0.146 for 
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normal subjects. Therefore, it is cleared that this compen-
satory mechanism was successful in this group of subjects, 
as it decreases the range of motion of the joints (table III), 
reduce joint moments (table IV), and finally joint contact 
forces (table V). Although use of this compensatory mecha-
nism was successful to reduce joint loading, especially in knee 
joint during push off and heel contact (loading response), it 
increases the peak of ground reaction forces in midstance. 
The reason is due to decrease in knee flexion angle. There-
fore, it can be concluded that joint contact forces decrease 
significantly in OA subjects, but this is mostly due to pain and 
use of compensatory mechanisms. It may be concluded that 
an increase in severity of this disease in those who had grade 
2 may not be due to an increase in knee joint contact force 
and other parameters such as knee alignment may be more 
important (14). These subjects use a compensatory mecha-
nism which is successful in this regard.
As it was mentioned clearly in introduction, it is not too practi-
cal to evaluate knee joint loading only based on knee adduction 
moment. Knee abduction moment value is related mostly to 
laxity of knee joint in frontal plane and alignment of knee joint. 
However, both muscles and  knee alignment are two important 
parameters which influence knee joint contact forces (14, 15)
It has been mentioned by Marouane and Shirazi, that knee 
adduction moment has limitation in its ability to provide 
information about loading of the knee joint, as it is based on 
inverse dynamic approach and does not include the muscle 
co-contraction at knee, therefore underestimate the loads 
across the knee joint. It was concluded that the efficacy of 
EMG-driven musculoskeletal modeling is high to predict the 
different loading pattern for person with medial knee osteo-
arthritis and healthy control (16). 
There was another study in literature which did not support 
the theory of an inversion in knee joint contact force in those 
with knee OA (8). It was confirmed that mechanical loading 
was not significantly higher in early OA subjects compared 
to controls (based on both adduction moment and joint 
contact force component). This was also supported by the 
research done by Baret et al. and Duffell et al. (no difference 
between KAM in those in early stage of OA and healthy 
subjects) (17, 18). The results of the current study did not 
support this assumption that mechanical loading was higher 
in established OA compared to early OA subjects. It should 
be noted that both group of healthy and OA subjects walked 
with comfortable speed in this study. The duration of walk-
ing in OA group also influence the joint contact force. Long 
duration walking in the patients with knee OA leads to 

fatique of knee extensors, loss of effective shock absorba-
tion, and increase the rate of joint loading. However, short 
duration walking was evaluated in this study (10).
The results of the current study confirmed that, based on 
modeling approach done by Open-SIM, the load applied 
on knee joints (both based on moments and joint contact 
force components) decreased significantly which is due to 
use of compensatory mechanism used by OA subjects, and 
reduced walking speed. The results of this study could not 
establish whether increase in knee joint contact force is 
responsible for knee joint symptom of OA or not. There-
fore, it can be concluded that decrease in walking speed, as 
a results of knee OA or due to compensatory mechanism is 
a successful strategy to reduce knee joint loading. 
The main limitation associated with this study was that only 
OA subjects with severity more than 2 participated in this 
study. It is highly recommended that the subjects with vari-
ous knee OA were recruited in the future studies. 

CONCLUSIONS
The results of this study showed that the loads applied on 
knee joint (both based on moments and knee joints contact 
force omponents) of the subjects participated in this study was 
significantly less than that of normal subjects. This may be due 
to use of compensatory mechanisms selected by the subjects. 
It is highly recommended to repeat this research on more 
number of the subjects with various severity of knee joint OA. 
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SUMMARY
Introduction. Intramuscular hemorrhages are the second most common type of bleed-
ing in patients with haemophilia. In haemophilic patients, muscle bleeding causes pain 
and postural defects and requires a long healing time. 
Aim. The purpose of this study is to evaluate the effectiveness of kinesiotaping, in 
combination with functional rehabilitation and CO2 laser therapy, in the healing 
process of MH in patients with haemophilia.
Methods. We recruited 39 haemophilia patients who presented with a muscle hema-
toma. The patients were divided into 2 groups: treatment group treated with kinesio-
taping, functional re-education and CO2 laser therapy, and a control group treated 
with functional re-education and CO2 laser therapy. The evolution of the hemato-
ma was studied ultrasonographically and some evaluation scales (NRS, FISH) were 
administered.
Results. The treatment group, compared to the control group, showed significant
improvements in terms of: hematoma diameter (2.36 ± 3.32 vs 6.47 ± 3.37; p < 0.05), 
hematoma thickness (0.08 ± 0.12 vs 0.28 ± 0.14; p = 0.08), pain (NRS: 2 ± 1.57 vs 3.53 
± 1.37; p < 0.05) and number of days of replacement therapy (n days: 1.3 ± 0.48 vs 3.2 
± 0.98; p < 0.05). These results were shown to be superior in patients on prophylaxis. 
Conclusions. Kinesiotaping, associated with therapeutic exercise and physical therapy, 
can be a valuable aid in reducing the healing times of muscle hematomas in haemophil-
ic patients, especially if already under prophylaxis.
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INTRODUCTION
Haemophilia is an inherited disease linked to the X chro-
mosome resulting from a deficiency of factor VII (type A) 
or factor IX (type B). Based on the serum levels of the corre-
sponding deficiency factor, we can distinguish several forms: 
mild (< 1%), moderate (1-5%), and severe (> 5%) (1). 
After joint bleeding, muscle haematoma (MH) is the second 
most common type of bleeding in patients with haemophilia

(2-5). In haemophilic patients, MH is more frequently local-
ized in the iliopsoas muscle, in the quadriceps femoris, in 
the calf and forearm muscles (6).
Unlike hemarthrosis, MH is mostly associated with trau-
ma, it is more common in young and athletic subjects (7). 
It is known that there is a relationship between hemophilic 
arthropathy and the tendency to develop MH, as arthropa-
thy leads to muscular and postural imbalances and incorrect 
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movement patterns which increase the risk of injury, even 
after minor strains (6).
The development of a MH, often impairs the quality of life 
of patients, limiting recreational activities due to the fear 
and/or risk of bleeding (8).
In addition, haematomas often cause pain, fibrous scars, 
recurrent haematomas, and postural defects, which are 
related to the extent of bleeding and the tension within the 
muscle compartment (5).
In haemophilic patients, muscle bleeding requires a longer 
healing time than haemarthroses, even if the data collected 
in the literature are quite scant (9).
In these patients, medical treatment of MH generally 
relies on intravenous infusion of the deficient factor until 
complete resorption. If not adequately treated, haematomas 
can lead to irreversible muscle damage, with reduced mobil-
ity, loss of function, ossifying myositis, anemia, compartment 
syndrome, and compression of peripheral nerves requiring 
urgent surgical decompression (10, 11).
To date, advances in rehabilitation, combined with hemo-
philia therapy, are focused on the prevention of bleed-
ing and bleeding-related musculoskeletal complications 
through targeted and specific rehabilitation programs. This 
allows patients with haemophilia to be more active and to 
participate in sports (6).
The guidelines of the World Federation of Hemophilia 
(WFH) on the management of MH indicate that the levels 
of the deficiency factor should be increased immediately, 
after the first symptoms or trauma, maintaining adequate 
factor levels for approximately 5-7 days. The affected limb 
must be raised and the muscle immobilized until the pain is 
resolved. It is necessary to establish a balance between rest, 
early mobilization and load restoration, to avoid the onset 
of complications related to prolonged immobilization and 
the risk of re-bleeding. To relieve pain symptoms, ice packs 
applied for about 15-20 minutes, several times a day, can 
be useful. As soon as the painful symptoms are relieved, a 
rehabilitation program with isometric contractions can be 
undertaken, followed by concentric exercises based on a 
symptomatic approach (12). 
The effectiveness of physical therapy in the healing process 
of MH has recently been evaluated in ad hoc studies (13-15). 
Among these, CO2 laser therapy has resulted effective and 
well tolerated in subjects with haemophilia. The CO2 laser 
is a non-invasive means, which has an anti-inflammat -
ry and anti-edema action. It actives biological mechanisms 
that increase blood circulation through a process that allows 
oxygen and nutrient-rich blood to flow to the target tissue 
area and improve mitochondrial oxidative metabolism (13).
The Kinesiotaping (KT) technique is an innovative technique 
that guarantees a rapid and decisive result in the resorption 

of the hematoma. It consists of the application of adhe-
sive bandages in the site of the hematoma. Skin stimulation 
by KT determines greater recruitment of motor units and 
neuromuscular spindles with a consequent improvement in 
muscle strength and muscle tone (14, 15). It also determines 
an increase in blood flow and an increase in interstitial spac-
es, favoring vascular and lymphatic drainage (16). Finally, by 
decreasing the pressure on the subcutaneous nociceptors, it 
modulates the intensity of muscle pain by reducing it (17, 18).
The purpose of this study is to evaluate the effectiveness 
of kinesiotaping, in combination with functional rehabilita-
tion and CO2 laser therapy, in the healing process of MH in 
patients with haemophilia.

MATERIALS AND METHODS 
At the Rehabilitation Department of the Polyclinic Paolo 
Giaccone hospital in Palermo, in collaboration with the 
Hematology unit of the same hospital, a single-center 
randomized control case study was conducted in the period 
between April 2020 and April 2021. 
The study was approved by the Medical Ethics Committee 
of the University Hospital of Palermo, Italy (n° 3/2020); 
written informed consent was obtained from each patient 
by the Declaration of Helsinki. 
The inclusion criteria were: age ≥ 18 years; diagnosis of type 
A or B haemophilia (mild, moderate and severe); the pres-
ence of symptomatic and/or asymptomatic superficial MH 
assessed during the initial physiatric evaluation; absence of 
signs of nervous and/or vascular compromise; prophylac-
tic or on-demand replacement treatment for haemophilia; 
written declaration of consent for participation in the study.
The exclusion criteria were: altered states of consciousness 
and the presence of permanent deformity and/or stiffness.
A total of 54 haemophilic patients with muscle hematomas 
were sent, within 24 hours of observation by the haematolo-
gist, to the Rehabilitation unit to undertake a rehabilitation 
process. Of these, only 39 patients met the inclusion criteria 
and were deemed eligible to participate in the study. Through 
a randomized randomization process, using a computer-gen-
erated random number table, the patients were assigned to 
two groups: 22 patients were assigned to the “Treatment 
Group” (TG) and underwent a 10-session rehabilitation 
protocol, consisting of functional rehabilitation, CO2 laser 
therapy, and application of kinesiotaping at the hematoma 
site; and 17 patients were assigned to the “Control Group” 
(CG) and underwent a 10-session rehabilitation protocol 
consisting of functional rehabilitation and CO2 laser.
Enrolled patients were evaluated at baseline (T0) and at the 
end of the 10 rehabilitation sessions, through a clinical eval-
uation by a physiatrist with the evaluation of demographic 



152 Muscles, Ligaments and Tendons Journal 2022;12 (2)

Kinesiotaping in Haematomas of Haemophilics

characteristics and administration of evaluation scales, such 
as NRS (19) and FISH (20). All patients finally underwent 
ultrasound assessment to confirm the diagnosis of MH and 
exclude another contemporary bleeding (e.g., in the retro-
peritoneal space, iliac cavity, anterior abdominal wall, and 
hip joint). The ultrasound examination was performed by a 
physiatrist with decades of experience in the musculoskele-
tal field. Initial images were obtained with a 7-10 MHz linear 
array probe in two planes. The haematoma area was scanned 
from end to end to identify the deepest part and still images 
of this region were saved. Ultrasound evidence of a haema-
toma was defined as hypoechoic or anechoic changes within 
the subcutaneous tissue or muscle. The diameter and depth 
of the haematomas were all expressed in centimeters (cm).
The rehabilitation program took place in 20 sessions 
(from Monday to Friday) lasting 60 minutes, performed 
on an outpatient basis in the hospital, and had the follow-
ing objectives: to resolve the hematoma, to recover/main-
tain range of motion, to recover/maintain strength muscle, 
to prevent joint deformity, to improve posture and gait. In 
particular, it included joint mobilization exercises, includ-
ing traction, and muscle stretching. Both methods are 
low-load maneuvers that allow you to maintain or restore 
tissue (muscles and tendons), promoting correct joint move-
ment. Muscle strength recovery was accomplished through 
the initial performance of isometric exercises, followed by 
low-load, high-repetition exercises. Having obtained good 
muscle control and initial recovery, we proceeded with the 
execution of exercises first with an open kinetic chain and 
then with a closed kinetic chain, followed by concentric 
and finally eccentric exercises. To these was also associat-
ed a proprioceptive re-education, through oscillating tables, 
irregular surfaces, and visual biofeedback for the recovery 
of the execution of the specific gesture, as well as a global 
postural re-education, to improve load distribution (21, 22).
The lasertherapy sessions were carried out using Opton 
8000 scanning laser (Mectronic Medical S.r.l., Italy), under 
the supervision of an expert physiotherapist. The sessions 
were performed at the end of each functional re-education 
session. Every single session lasted about 10 minutes, with 
a wavelength used of 10,600 nm, an emission frequency of 
1-200 Hz, and a maximum power of 20 W. During the appli-
cation of laser therapy, the physiotherapist and the patient
wore protective goggles.
All the KT tape bonding procedures were performed by a
physiotherapist, in possession of the K-Taping certificate.
K-Active Tape Classic, 50 mm × 17 m (NittoDenko Corpo-
ration, Japan) was used. These are elastic adhesive tapes 5
cm wide, made of 100% cotton, and covered with hypoal-
lergenic acrylic glue applied for 3 days with the technique
lymphatic drainage. The applications were carried out at the

end of each rehabilitation session. Before applying the tape, 
the skin was cleaned, freed from moisture and grease, and, 
if necessary, shaved. The length of the tape was measured 
individually, based on the affected muscle district. The 
tape application procedure began with the formation of an 
anchor at the root of the limb, above the relevant regional 
lymph node stations. Further strips were attached sequen-
tially along with the lymphatic collectors in the direction 
of lymphatic drainage, taking care not to create excessive 
tension (figure 1).

Finally, a health worker took a photograph of the muscle 
haematoma at T0 and T1, in order to visually show 
its progress.
We used the NRS scale for pain assessment. This is a quan-
titative rating scale by which patients are asked to rate their 
pain on a defined scale, from 0 to 1  (19).
The FISH scale is a valid and reliable tool for assessing 
the autonomy of a patient with haemophilia in carrying 
out activities of daily living (ADL) including self-care and 
transfers. Each activity is assigned a score from 1 to 4, based 
on the level of independence and assistance required. The 
score ranges from 8 to 32, where higher scores indicate a 
better ability to perform ADL (20).
The primary endpoints evaluated were: the resolution of 
the haematoma, in terms of diameter and thickness, and the 
reduction of pain associated with haematoma.
The secondary endpoints were: the trend of the FISH 
scale and the number of days of treatment with coag-
ulation Factor VIII or IX during the acute phase of the 
haematoma.

Statistical analysis
The data obtained were indexed on an Excel sheet and the 
subsequent statistical analysis was performed using the R 

Figure 1. Technique lymphatic drainage of kinesiotaping.
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software (R Foundation for Statistical Computing, Vienna, 
Austria). The descriptive analysis was performed based on 
the mean and standard deviation. For the statistical model-
ing we used the classic linear regression model to evaluate 
the effect net of any confounding variables. P-values < 0.05 
were considered statistically significant

RESULTS
The general characteristics of the patients, 39 male subjects, 
of mean age of 37.13 ± 13.51 years, are summarized in table 
I. No statistically significant differences were noted between
the two groups at baseline between the collected data.
The mean diameter of the haematomas was 15.33 ± 6.9 cm,
and the mean thickness of 0.49 ± 0.25 cm. Patients reported
an average pain of 5.13 ± 1.38, according to the NRS scale
(table II). All patients had at least one MH at the time of the 
initial clinical evaluation. 6 (15.4%) patients had three MH 
at the time of initial clinical evaluation, 19 (48.7%) had two, 
and 14 (35.9%) patients had only one. The most common 
muscle localization of the haematoma was represented by 

the quadriceps femoris (23.1%), forearm muscles (20.5%), 
calf (15.5%), deltoid (12.8%), hand muscles (10.2%), 
biceps brachialis (7.7%), gluteus maximus (7.7%) and large 
pectoral (2.5%).
Figure 2 shows the evolution of hematomas from T0 to T1, 
following treatment (figure 2).
The differences in the outcomes of the variables analyzed 
between the treatment group and the control group at T1 
are shown in table III.
Regarding the diameter of the haematoma, at T1 we demon-
strated a significant improvement in the treatment group 
compared to the control group (2.36 ± 3.32 vs 6.47 ± 3.37; 
p < 0.05) (table III).
The thickness of the haematoma at T1 also showed a signif-
icant improvement in the treatment group compared to 
the control group (0.08 ± 0.12 vs 0.28 ± 0.14; p = 0.08) 
(table III).
A significant improvement was also demonstrated in the 
extent of pain associated with haematoma in the treatment 
group compared to the control group (2.00 ± 1.57 vs 3.53 ± 
1.37; p < 0.05) (table III).

Table I. Characteristics patients at baseline.

Characteristics Total  
(n = 39)

Treatment 
Group (n = 22)

Control 
Group (n = 17)

P-value

Age, mean (%) 37.1 ± 13.5 38.4 ± 14.2 35.4 ± 13.3 0.50

Gender, n (%)
Men 
Woman

39 (100)
0 (0)

22 (100)
0 (0)

17 (100)
0 (0)

0.99

Diagnosis of Emophilia, n (%)
Type A
Type B

34 (87.2)
5 (12.8)

19 (98.4)
3 (9.1)

15 (88.2)
2 (11.8)

0.24

Severity forms, n (%)
Mild
Moderate
Severe

11 (28.2)
4 (10.2)
24 (61.6)

7 (31.8)
2 (9.1)
13 (59.1)

4 (23.6)
2 (11.7)
11 (64.7)

0.52

Type of Treatment, n (%)
Prophylaxis
On Demand

23 (58.9)
16 (41.1)

12 (54.5)
10 (45.5)

11 (64.7)
6 (35.3)

0.36

Sport, n (%)
Yes 
No

20 (51.3)
19 (48.7)

12 (54.5)
10 (45.5)

8 (47.1)
9 (52.9)

0.28

Hystory of emarthrosis, n (%)
Yes 
No

17 (43.6)
22 (56.4)

9 (40.9)
13 (59.1)

9 (52.9)
8 (47.1)

0.81

Arthropathy, n (%)
Yes 
No

23 (58.9)
16 (41.1)

13 (59.1)
9 (40.9)

10 (58.8)
7 (41.2)

0.67

FISH, mean ± SD 29.8 ± 6.4 28.8 ± 5.6 29.3 ± 6.1 0.79
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haematoma, we observed a significant reduction in the 
number of days of taking recombinant Factor VIII or IX 
in the treatment group compared to the control group (n 
days: 1.3 ± 0.48 vs 3.2 ± 0.98; p < 0.05) (table III).
Table IV shows, within the treatment group, the differ-
ences in the outcomes of the variables analyzed between 
patients in prophylactic therapy and those in on-demand 
therapy (table IV).
Patients in the treatment group in prophylactic therapy 
were 12, while those in on-demand therapy were 10. It was 
observed that patients belonging to the treatment group 
undergoing prophylactic therapy, compared to those 
undergoing on-demand therapy, showed greater benefit  
both in terms of diameter (1.2 ± 0.7 vs 5.2 ± 3.05; p < 
0.05), and in thickness (0.09 ± 0.10 vs 0.17 ± 0.12; p = 
0.12) and both for the FISH scale score (28.9 ± 1.14 vs 
27.2 ± 2.34; p < 0.05) (table IV).
However, the improvement in pain appeared to show no 
significant differences in patients on prophylactic therapy 
compared to those on on-demand therapy (2.17 ± 1.47 vs 
1.8 ± 1.75; p = 0.42) (table IV).

DISCUSSION
Even today there is no standardized treatment protocol 
for the most appropriate management of MH in patients 
with haemophilia. This could be due to the lack of knowl-
edge of the signs indicating that the bleeding has stopped 
and the scant data on treatment of MH in patients with 
haemophilia (5).
This study aimed to evaluate the clinical effectiveness of 
kinesiotaping associated with therapeutic exercise and 
CO2 laser therapy in the healing process of muscle hema-

Table II. Characteristics of hematomas at baseline.

Characteristics Total
 (n = 39)

Treatment Group (n = 22) Control 
Group (n = 17)

P-value

Diameter, mean ± SD 15.3 ± 6.9 17.8 ± 7.6 13.8 ± 7.1 0.10

Depth, mean ± SD 0.49 ± 0.25 0.59 ± 0.28 0.43 ± 0.31 0.09

NRS, mean ± SD 5.13 ± 1.38 5.21 ± 1.5 5.13 ± 1.25 0.86

Muscle localization, n (%)
Quadriceps femoris
Forearm 
Calf
Deltoid
Hand   
Biceps brachialis 
Gluteus maximus 
Large pectoral 

9 (23.1)
8 (20.5)
6 (15.5)
5 (12.8)
4 (10.2)
3 (7.7)
3 (7.7)
1 (2.5)

5 (22.7)
5 (22.7)
3 (13.7)
2 (9.1)
2 (9.1)
2 (9.1)
2 (9.1)
1 (4.5)

4 (23.5)
3 (17.7)
3 (17.7)
3 (17.7)
2 (11.6)
1 (5.9)
1 (5.9)
0 (0)

0.31

Figure 2. Muscle haematoma evolution after kinesiotaping 
application.

Finally, no statistically significant difference in FISH 
scores at T1 was noted between the treatment group and 
the control group (28.3 ± 2.31 vs 27.7 ± 1.88; p = 0.40) 
(table III).
Analysing the number of days of treatment with recom-
binant Factor VIII or IX during the acute phase of the 
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tomas in patients suffering from haemophilia, to increase 
knowledge in the rehabilitation field
MH is common in people with haemophilia it occurs in 
10-23% of cases and can cause irreversible clinical conse-
quences and psychosocial problems (5, 6). The potential
long-term consequences of MH in haemophilia (myositis
ossifying, abscess, pseudotumor, chronic nerve injury) are
serious and disabling (6).
It, therefore, appears clear the importance of preventing
and managing these haematomas, to improve the clinical
conditions of patients.
The results of our study showed how the synergy between
instrumental physical therapy (CO2 laser therapy), kine-
siotaping, and therapeutic exercise represents an effective
therapeutic strategy in the resolution of MH, in terms of
diameter and thickness, allowing to avoid possible compli-
cations. At the end of the 10 rehabilitation sessions provid-
ed, the pain associated with haematomas also showed a
clear reduction in pain, reducing the burden of the disease
on patients.
Often these haematomas cause severe pain due to the
increase of muscle tension, with consequent functional
limitation and significant negative psychological impact.
Furthermore, as a consequence of the accumulation of
polymorphonuclear cells and mononuclear phagocytosis,
fibrous repair tissue is formed with progressive mechanical
reduction of muscle function and consequent limitation of
normal joint function (5).
Over the years, attention has increased on the psychoso-
cial problems of haemophilic patients following a bleeding

episode. Participation in physical activities in haemophil-
ic adults and children is often complicated by the risk of 
developing haematomas with a tendency to avoid physi-
cal activity (7, 8). Study B-HERO-S (23) found a negative 
impact on participation in recreational activities, regard-
less of the severity of haemophilia. The main reasons for 
the interruption of activities were fear/risk of bleeding or 
contact bleeding.
Our rehabilitation protocol aims to interrupt the vicious 
circle of haematomas-hemarthrosis and its related compli-
cations that distinguish this setting of patients. A history of 
arthropathy was present in about 60% of the patients exam-
ined, reflecting the high frequency of joint involvement 
in haemophilic patients. This supports the relationship 
between arthropathy and the tendency to develop MH (6).
In the literature, the protocol for the management of MH 
in patients with haemophilia is based on the combination 
of rehabilitation and replacement therapy (6).
Hematological therapy is carried out with infusion of 
recombinant coagulation factors deficient at 50-70% of 
normal during the first 5-7 days and subsequent infusion 
with lower doses until complete recovery (5). In our study, 
it was observed that the adopted protocol was able to 
reduce the number of days of treatment with the recombi-
nant deficient factor during the acute phase
The rehabilitation of MH, through therapeutic exercise 
and the use of physical therapy, is useful in accelerating 
the hematoma healing process in haemophilic patients. It 
aims to control the joint and restore ROM, strength and 
normal physical performance (24, 25).

Table III. Effects of treatment with kinesiotaping, laser therapy and therapeutic exercise in the treatment group compared to 
the control group.

Characteristics 
(n = 39)

Treatment Group (n = 22) Control Group 
(n = 17)

P-value

Diameter 2.36 ± 3.32 6.47 ± 3.37 < 0.05
Depth 0.08 ± 0.12 0.28 ± 0.14 0.08
VAS 2 ± 1.57 3.53 ± 1.37 < 0.05
Number of days of treatment 
with F-VIII

1.3 ± 0.48 3.2 ± 0.98 < 0.05

FISH 28.3 ± 2.31 27.7 ± 1.88 0.40

Table IV. Treatment group: differences between patients in prophylactic therapy and patients in on-demand therapy.

Characteristics 
(n = 22)

Prophylactic Therapy
(n = 12)

On-demand Therapy
(n = 10)

P-value

Diameter 1.2 ± 0.7 5.2 ± 3.05 < 0.05
Depth 0.09 ± 0.10 0.17 ± 0.12 0.12
NRS 2.17 ± 1.47 1.8 ± 1.75 0.42

FISH 28.9 ± 1.14 27.2 ± 2.34 < 0.05
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Potential benefits of physical activity for people with 
haemophilia include reduced joint pain and increased 
muscle strength and joint flexibilit , as well as psycho-
logical benefits such as decreased anxiety and improved 
self-esteem and social interactions (8).
After the acute phase, therapeutic exercise should be 
introduced, to prevent joint blockages and counteract 
hypotonotrophy, weakness, and muscle retractions typical 
of these patients. An aspect that should not be underesti-
mated is the prevention of MH. Adequate overall physi-
cal performance helps reduce the risk of exercise-related 
muscle injury as deficits in muscle strength can increase 
the risk of muscle bleeding during physical activities. 
Accordingly, it is essential to perform tailored physical 
exercise in order to increase muscle power through resis-
tance training (26).
De Martis et al. conducted a pilot study to evaluate the 
safety, efficac , and tolerability of laser therapy in hemo-
philic patients with chronic arthropathy. The laser treat-
ment showed a significant analgesic effect, allowing rapid 
pain control to be achieved after only a few applications. 
The results obtained by them allow us to consider laser 
therapy as a possible alternative to painkiller drugs, due 
to its analgesic effect (27). Also in our study, laser therapy 
showed high safety and tolerability (no adverse reactions 
were registered in treated patients).
In patients with haemophilia, deficient coagulation factor 
prophylaxis is the standard of care for the treatment and 
prevention of bleeding episodes and in surgery (12). Sever-
al studies have shown that replacement therapy offered in 
prophylactic form offers the best results for the patient, in 
terms of joint health, improvement of quality of life, and 
reduction of bleeding episodes, compared to on-demand 
treatment at any age. However, adherence to continuous 
intravenous therapy with the deficient factor is challenging 
and requires good patient compliance, with the possibility 
of breakthrough bleeding during prophylaxis (28-31).
The results of our study appear to be in line with the data in 
the literature. In our study, patients undergoing our reha-
bilitation on prophylaxis showed better results, in terms of 
size and thickness, than patients in on-demand treatment.
Moreover, in patients undergoing prophylactic treatment 
with the deficient recombinant factor, our rehabilitation 
protocol resulted in an improvement in the performance 
of daily life activities.
At our knowledge, this is the first case-control study to 
evaluate the effectiveness of the combination of func-

tional rehabilitation, physical therapy, and kinesiotaping, 
compared to standard rehabilitation treatment, in the heal-
ing process of MH in patients with haemophilia. However, 
our study is not without limitations. Primarily, the small 
sample of patients, due to the rarity of the disease and the 
difficulty in identifying subjects who met our inclusion 
criteria, doesn’t allow us to generalize the obtained results. 
A further limitation of our study was the failure to evaluate 
the protective effect of therapeutic exercise on the preven-
tion of muscle hematomas. This is due to the lack of long-
term follow-up investigating this effect.

CONCLUSIONS
Despite the advances in haematology and rehabilitation, 
the management of MH in patients with haemophilia is still 
matter of debate, due to the long period required for their 
resolution.
Kinesiotaping, associated with therapeutic exercise and 
physical therapy, can be a valuable aid in accelerating the 
healing process of MH in haemophilic patients, especially 
if they are on prophylactic therapy.
This opens up new scenarios in the prognosis of these 
patients, strengthening the role of rehabilitation in the 
management of these patients.
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SUMMARY
Objective. The objective of this study was to observe the structural and physiological 
changes in vastus medialis and its impact on short-term patient-reported knee function 
following anterior cruciate ligament (ACL) injury and reconstruction.
Patients and methods. A prospective observational study was conducted on 16 young 
individuals with an ACL injury. The cross-sectional area (CSA) of vastus medialis was 
measured using ultrasonography. Surface electromyography of vastus medialis (VM) 
was assessed during maximum voluntary isometric contraction (MVIC). These param-
eters were assessed preoperatively and six months postoperatively along with the Inter-
national knee documentation committee (IKDC) 2000 score. The unaffected limb was 
used as control. Following ACL reconstruction surgery, all individuals underwent 
standard rehabilitation protocol. ANOVA with post hoc analysis was used to determine 
the difference in CSA and MVIC between the injured and unaffected sides.
Results. When compared to the unaffected side, we found that the CSA of the VM 
decreased by 13.39% following injury and subsequently decreased by 41.05% at the 
end of 6 months post ACL reconstruction (p = 0.001). Similarly, after injury, the MVIC 
of VM was lowered by 12.05%, and after six months of ACL reconstruction, it was 
reduced by another 23.15% (p = 0.075). On the contrary, the subjective knee function 
score improved considerably after six months following surgery (p = 0.001).
Conclusions. To conclude, our study observed an inverse relationship in patient-re-
ported functional outcome measures and structural and physiological morphology of 
VM in individuals who have undergone ACLR.
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IKDC; quadriceps muscle; electromyography; ACL injury; reconstruction.
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INTRODUCTION
Recovery following anterior cruciate ligament (ACL) injury and 
reconstruction largely depends on the extensor mechanism. In 
particular, the quadriceps play a vital role in restoring the func-
tional status of any individual. It has been observed that there 
can be up to a 40 % deficit of quadriceps strength following 
ACL injury, reconstruction, and rehabilitation (1). Palmieri et 
al. (2) have reported that more than 20% of quadriceps muscle 

strength deficit was present at the end of six months following 
ACL reconstruction. Quadriceps atrophy is a common obser-
vation following ACL injury and rehabilitation and is always 
associated with weakness. Vastus medialis (VM), which has 
an essential role in knee extension, is subjected to structural 
and physiological changes owing to its complex architecture 
and innervations (3). It regulates and pulls the longitudinal 
fibres of the quadriceps muscle medially and dorsally due to 
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the horizontal orientation of the muscle fibres and creates a 
pre-strain during terminal extension (4). In the absence of this 
mechanism, the longitudinal fibres would be slack and weak 
to produce an effective extension torque at the knee joint. 
This regulative function of VM is imperative, and hence atro-
phy of VM precedes more rapidly than the other components 
immediately following inactivity (5). “Regional activation” of 
VM is facilitated by limited region motor neuron innervations, 
which regulate the activation strategies during complex knee 
functions. Also, structurally VM offers a predominant contri-
bution medially into all layers of the quadriceps tendon and 
which makes it susceptible to atrophy following ACL injury 
(6, 7). In previous studies, the changes in knee extensor mech-
anism and the strength deficits were discussed as a gross enti-
ty, but the impact of structural and morphological changes in 
VM on patients’ reported knee function has not been studied. 
This study focuses on the impact of structural and physiolog-
ical changes of VM on patient-reported outcome measures in 
individuals with an ACL injury and following reconstruction. 

PATIENTS AND METHODS
This prospective observational study was conducted 
between January 2018 and July 2019 at our tertiary care 
hospital after obtaining approval from the institutional ethi-
cal committee (JIPMER - Date of acceptance 11/08/2017, 
Protocol no. JIP/IEC/2017/0321). All patients between 18 
and 40 years who presented with knee instability secondary 
to an ACL injury within 3 to 6 months from the injury time 
were included. Patients with avulsion fractures, prior knee 
infection or surgery, associated posterior cruciate ligament 
or grade II/III collateral ligament injury, associated meniscal 
injuries, and radiograph suggestive of greater than grade I 
Kellegren-Lawrence arthritis were excluded from this study. 
Functional outcome using subjective IKDC 2000 Score was 
calculated preoperatively and 6-months postoperatively. 
Cross-sectional area (CSA) and maximum voluntary isomet-
ric contraction (MVIC) of vastus medialis was assessed using 
ultrasonography and surface electromyography (EMG), 
respectively. These observations were made preoperatively 
and after six months following surgery. The measurements 
of the uninjured limb were used as the control. All the indi-
viduals selected for this study underwent uniform preoper-
ative rehabilitation for 4-6 weeks. Patients were taken up 
for surgery after satisfying the prerequisites of achieving: 1) 
neutral extension and 2) 90% of quadriceps strength symme-
try. ACL reconstruction surgery was done using either a 
bone-patellar tendon graft or hamstring graft by two expe-
rienced surgeons in a tertiary care centre. All the individuals 
underwent standard ACL rehabilitation protocol and were 
followed at 2, 4, 6 weeks, three months, and six months.

Assessment of maximum voluntary isometric 
contraction of the vastus medialis muscle using 
surface electromyography
Surface electrodes were placed along the longitudinal axes 
of VM as per the recommendations of surface electromyog-
raphy for the non-invasive assessment of muscles (SENIAM 
project) (8). Electrodes were placed at 80% of the distance 
from the anterior superior iliac spine and the medial border 
of the patella. The muscle’s distal aspect was palpated with 
the knee bent to 90 degrees of flexion, and the electrode 
was placed on the most prominent part. The reference elec-
trodes were placed around the ankle joint of the other limb. 
The subject was asked to extend the leg when seated in a 
high sitting position. The EMG values were noted from 
three successive attempts with adequate rest periods. The 
best reading was noted as the maximum voluntary isometric 
contraction (MVIC), measured in microvolts using surface 
EMG (EP/EMG machine/MB 9200K/Nihon Khoden/
Japan). The same procedure was repeated on the contralat-
eral limb, which was taken as control.

Assessment of CSA of vastus medialis using 
ultrasonography
The cross-sectional area of the vastus medialis muscle was 
measured by the SIEMENS ACUSON S3000 ultrasound 
machine (Siemens, Erlangen, Germany) using a linear 61CD 
transducer (figure 1).

Figure 1. Ultrasonographic image showing measurement of 
CSA of vastus medialis.



161Muscles, Ligaments and Tendons Journal 2022;12 (2)

G. Balaji, G. Kumar, m. jaGadevan, et. al.

A line from the central point of the patella to the medi-
al aspect of the anterior superior iliac spine was marked 
to obtain the images. Axial perpendicular lines were then 
marked at 10, 30, and 50% intervals from this point. 
Measurements were done after the participant had rested in 
the horizontal position for 20 minutes to allow fluid shifts to 
stabilize. A consistent, minimal pressure was applied with 
the probe to the skin to avoid muscle compression, aided 
by the application of a transmission gel to improve acous-
tic coupling. The participants were instructed to relax their 
muscles. The measurements were done at 10%, 30%, and 
50% levels. The average of the three values was noted. 
These were done by an experienced radiologist.
For the demographical and clinical outcomes, categorical 
data were expressed as percentages and numerical variables 
as mean and standard deviations. The paired t-test was used 
to compare IKDC scores of the affected limb after ACL injury 
and after six months following ACL reconstruction. ANOVA 
with post hoc was utilized to test the difference in CSA and 
MVIC between the injured and unaffected (control) sides. 
Spearman correlation coefficient was used to examine the 
relationship between CSA, MVIC, and IKDC scores of the 
injured side. IBM SPSS Statistics for Windows, Version 20.0, 
was used to analyze the data. IBM Corp., Armonk, New York. 
The statistical significance level was set at p < 0.05 (Two-tailed).

Ethics
All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional and/or national research committee and 
with the 1964 Helsinki declaration and its later amendments 
or comparable ethical standards.
Informed consent was taken from all the included subjects.

RESULTS
Twenty-eight patients fulfilled the eligibility criteria, howev-
er, only 16 were included in the trial because four had a 
concomitant meniscal injury and one had grade 2 carti-
lage damage which was identified intra-operatively. Seven 
patients were lost owing to long-distance travel (figure 2).
Males predominated among the 16 participants in the study, 
and the right side was more involved than the left (table 
I). Twelve patients had their ACLs reconstructed using a 
bone-patellar tendon-bone graft, whereas four others had 
quadrupled hamstring grafts.
In comparison to the unaffected side, the CSA of VM 
decreased by 13.39% post ACL injury and subsequently 
decreased further to 41.05% at the end of 6 months follow-
ing ACL surgery (p = 0.001). Similarly, after injury, the 
MVIC of VM decreased by 12.05%, and after six months 

Table I. Demographic details.

Subject characteristics Number of subjects %
Gender

Female 3 18.8

Male 13 81.3

Side of injury

Left 6 37.5

Right 10 62.5

of ACL reconstruction, it decreased further to 23.15% (p 
= 0.075) (figures 3, 4). On the contrary, after six months 
following ACL reconstruction, the subjective knee function 
score improved dramatically (p = 0.001) (table II). Accord-
ing to the findings, only CSA exhibited a moderate negative 
relationship with IKDC scores (r = - 0.588; p = 0.02).

Figure 2. Flowchart showing the selection of study partici-
pants.
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DISCUSSION
The present study observed VM structural and physio-
logical morphology following an ACL injury and after six 
months of reconstruction and rehabilitation. The percent-
age reduction of CSA and MVIC of VM was calculated as 
13.39 % and 12.05 %, respectively, and after six months 
of ACL reconstruction, it reduced further to 41.05 % and 

23.15 %, respectively, compared to the unaffected side 
VM. However, there was a significant improvement in the 
patient-reported outcome score.
It has been observed that the CSA of VM has a significan  
impact on the successful outcome following ACLR (9). In 
ACL deficient knees, neuro-muscular impairment can lead 
to a reduction in CSA. Neurogenic muscular atrophy is char-
acterized by the depletion in type-II fibres which is initiat-
ed by pain-mediated weakness (10). This phenomenon can 
be a trigger for VM atrophy following ACL injury. In this 
study, the reduction in MVIC of VM compared to the oppo-
site side is a direct implication of reduced force production 
by the affected limb, which can be proportional to the size 
of the muscle. A study conducted by Williams et al. (11) 
also found results in line with the current study stating that 
these adaptations in muscle morphology varied with indi-
viduals, proportional to the physical demands placed after 
injury and following reconstruction. These adaptations lead 
to the clauses of copers and non-copers, consistent with the 
muscle volume and its strength quotient. The global atro-
phy of quadriceps muscle volume was noted to be 4.5 % to 
13 % in non-copers compared to their opposite side. Even 
though there is no precise classification in identifying copers 
and non-copers, quadriceps weakness was consistent with 
its muscle volume. A systematic review which was conduct-
ed recently on quadriceps muscle size following ACL injury 
and reconstruction showed a slight reduction in quadriceps 
cross-sectional area following injury, which may be persistent 
despite regular rehabilitation program (12). However, the 
observations made by Chaves et al. (7) were in contrast to 
our findings. They observed that the neuromuscular efficie -
cy of VMO was fully re-established following ACL recon-
struction. The potential confounding factor could be the 
samples who were high-performance soccer athletes.

Table II. Mean comparison of CSA, MVIC of VM and IKDC scores.

Outcome
measure

Unaffected limb 
(mean ± SD)

Affected limb 
after ACL injury 
(mean ± SD)

Difference (%) Affected side 
after ACL injury 
rehabilitation 
(mean ± SD)

Difference (%) P-value

CSA 
of VM (cm2)

10.75 ± 3.34 9.31 ±  3.21 13.39 6.44 ±  2.50 41.05 < 0.001

MVIC/
EMG 
of VM 
(micro volts)

2773.87 ±  918.456 2440.06 ± 1446.168 12.05 2131.75 ±  1004.488 23.15 0.075

IKDC Preop: 44.74 ±  8.72 Postop: 76.03 ±  14.69 < 0.001
CSA: cross sectional area; MVIC: maximum voluntary isometric contraction; VM: vastus medialis; EMG: electromyography; IKDC: International Knee 
Documentation Committee.

Figure 3. Image showing comparison of pre –post scores of 
CSA of VM with Unaffected side.

Figure 4. Image showing comparison of pre –post scores of 
MVC of VM with Unaffected side.



163Muscles, Ligaments and Tendons Journal 2022;12 (2)

G. Balaji, G. Kumar, m. jaGadevan, et. al.

It has been observed that there has been a symmetric recruit-
ment pattern of VM and VL to electrical and mechani-
cal responses, which ensures loss of torque production in 
any one of the components in the quadriceps group may 
be equally attributed to the other (13). However, the colla-
gen content of vastus lateralis remains unchanged despite 
prolonged bed rest and inactivity, which makes VM more 
vulnerable to morphological adaptations (14). Eventual-
ly, it was observed that the motor unit activation pattern 
in vastus medialis was reduced in degenerative conditions 
and post ACLR individuals (15, 16). Proprioception was 
also impaired following an ACL injury in line with muscle 
surface EMG and gait parameters (17). Observations made 
by Kaya et al. (18) highlighted the incremental changes in 
the elastographic property of quadriceps using ultrasound 
elastography following ACLR. They have noted an altered 
recovery pattern with VMO in response to physical rehabil-
itation compared to the rest of the counterparts. 
In our study, the weakness and alterations in the VM might 
have facilitated the adaptive neuro-muscular activation 
strategies from other components of the extensor mecha-
nism. These adaptive coping strategies following injury and 
ACLR might have improved overall knee functional score. 
This improvement was noted irrespective of reduction in 
CSA and MVIC of VM with a mean difference of 31.29, 
almost double the Minimum Detectable Change (MDC) for 
the IKDC tool in ACL injuries in the present study (19). 
However, participants with less reduction in CSA had a 
better knee functional score.
The study’s strength was the observation of adaptive coping 
strategies despite reducing the structural and physiological 
morphologies of VM.
However, there were a few limitations. First, the duration of 
follow-up was short. Second, since both types of grafts (BPTB 
and hamstring) were selected, the impact of either of them 
might have influenced the outcome. Third, the time frame 
from injury to the time of surgery was not homogenized. 

Hence the waiting time could have altered the observation. 
Lastly, the females included in this study were less and hence 
generalization of our observation needs a critical outlook.

CONCLUSIONS
To conclude, our study observed an inverse relationship in 
patient-reported functional outcome measures and structur-
al and physiological morphology of VM in individuals who 
have undergone ACLR. Six months after ACLR, the CSA 
was reduced by three times that of the control, while the 
MVIC values were lowered by two times. The patient-re-
ported functional outcome measures, on the other hand, 
improved significantl .
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SUMMARY
Background. Few studies have investigated the need for additional treatment after use 
of intra-articular injection of microfragmented adipose tissue (MFAT) in treatment of 
knee osteoarthritis. We assessed the rate of conversion to knee arthroplasty and 1-year 
clinical outcomes after intra-articular injection of MFAT for knee osteoarthritis.
Methods. We retrospectively reviewed data from consecutive patients who underwent 
a single intra-articular MFAT injection for the treatment of symptomatic knee osteoar-
thritis with average 1-year follow-up.
Results. Of 56 knees (39 patients), three knees (two patients) had follow-up only to 
13 and 28 weeks. All other knees were followed to a minimum of 1 year or through 
conversion to knee arthroplasty. The 1-year rate of conversion to knee arthroplasty was 
17.9%, with an increase to 32.1% within the second year of follow-up. There was a 
significant improvement in mean Knee Injury and Osteoarthritis Outcome Score for 
Joint Replacement (KOOS JR) scores at each post-procedure time point (p < 0.05) and 
in mean Short Form 12 physical function scores at 6 weeks and 1 year postoperative-
ly (p < 0.05). Conversion to knee arthroplasty was associated with significantly lower 
KOOS JR score at 1 year (mean difference, 10.1 ± 4.9, p = 0.04).
Conclusions. Use of a single intra-articular injection of MFAT was associated with a 
high rate of conversion to knee arthroplasty despite a significant improvement in knee 
pain, stiffness, and function at an average of 1-year follow-up. MFAT may be more 
appropriately considered as a temporizing agent rather than a means to avoid knee 
arthroplasty. 
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INTRODUCTION
Osteoarthritis is characterized by irreversible degeneration 
of articular cartilage accompanied by subchondral sclerosis 
and synovial inflammation. Most nonoperative treatments 
serve to postpone further treatment, such as surgery, but do 
not prevent or repair cartilage damage. 
Recent interest has focused on the use of adipose-derived 
human mesenchymal stem cells (ADSC) as an alternative 
treatment for knee osteoarthritis. ADSCs display chondro-

genic and anti-inflammatory properties that could theoreti-
cally stop disease progression and repair cartilage, avoiding 
the need for further treatment (1-4). Three ways of deliv-
ering ADSC have been investigated in cultured ADSC, in 
stromal vascular fraction (SVF), and in micro-fragmented 
adipose tissue (MFAT) (5), with most research focusing on 
cultured ADSC or ADSC in SVF. Regardless of the delivery 
method, treatment of knee osteoarthritis with an intra-ar-
ticular injection of ADSC is associated with a low risk of 
serious side effects and can decrease pain and improve func-
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tion based on significant improvement in patient-reported 
outcome scores (6-18). Several studies on cultured ADSC 
have found that clinical scores peak as early as 3 (17) to 6 
months after treatment with outcomes starting to decline 
after reaching maximum benefit (10, 11, 16, 18). In a study 
of 9 patients with osteoarthritis, all patients showed signif-
icant improvement in pain and clinical scores at 6 months 
that were maintained up to 18 months post-procedure along 
with cartilage improvements noted on MRI (17). However, 
these studies suggest that ADSC may only provide tempo-
rary relief of symptoms despite the treatment’s recognized 
regenerative properties. Additionally, a systematic review 
of studies evaluating the use of MFAT for musculoskeletal 
conditions corroborated the effect of MFAT in improving 
pain, function, and cartilage degeneration; however, these 
results were mostly limited to low quality studies and other 
limitations such as inconsistencies in processing techniques 
and quality of MFAT (19). Only one small case series has 
reported on the need for additional treatment following 
an intra-articular injection of MFAT, documenting a 15% 
conversion rate to total knee arthroplasty within 1 year 
(9). Currently, the understanding of the clinical effect of 
MFAT is incomplete, particularly with respect to the need 
of additional treatment following an intra-articular injec-
tion of MFAT.
Therefore, the primary aim of this study was to report the 
1-year rate of conversion to knee arthroplasty after a single 
intra-articular injection of autologous MFAT in patients with 
symptomatic knee osteoarthritis. The secondary objective 
was to evaluate the 1-year clinical outcomes of this treatment. 
Results from this study will inform whether MFAT may be 
considered as a mainstay treatment for knee osteoarthritis. 

METHODS

Study procedure
This retrospective study was approved by the Institution-
al Review Board through Medstar Health Research Insti-
tute (approval number: MOD00000165, approved on 
1/25/2019). The study included all patients who received 
a single intra-articular autologous MFAT injection using 
a commercially available processing system (Lipogems 
International Spa, Milan, Italy) between October 2016 
and February 2018 from a single joint fellowship-trained 
orthopaedic surgeon’s practice. All patients were diag-
nosed with symptomatic knee osteoarthritis in one or 
more compartments as determined by radiographs with 
varying Kellgren Lawrence grades before undergoing 
treatment. Additionally, most patients had undergone a 
course of nonoperative treatment, including corticoste-

roid injections, home exercises or formal physical therapy, 
nonsteroidal anti-inflammatory drugs (NSAIDs), or use of 
ambulatory devices. Patients who had not tried non-oper-
ative treatments were included for the study if they had 
chronic knee pain with radiographic evidence of osteoar-
thritis. All patients were looking to avoid or delay surgical 
intervention. No patient had a contraindication for knee 
arthroplasty. 
Retrospective data were obtained from a prospective 
IRB-approved, web-based clinical data orthopaedic regis-
try of patient reported outcomes data, including Knee Inju-
ry and Osteoarthritis Outcome Score for Joint Replace-
ment (KOOS JR) and 12-Item Short Form Survey (SF-12) 
for mental health and physical function pre-procedure 
and at the following time points post-procedure: 6 weeks, 
12 weeks, 6 months, and 1 year. All patients had pre-pro-
cedure scores. The patient-reported outcome forms 
were sent electronically via participants’ email address-
es, collected during office visits, or conducted by phone 
per office protocol. Medical records were reviewed to 1) 
collect demographic data, including age, sex, body mass 
index (BMI), and laterality; 2) collect clinical data: volume 
of lipoaspirate injected at time of index procedure, serious 
adverse events including infection, deep venous thrombo-
sis, pulmonary embolism, and death; and 3) identify any 
patient who underwent knee arthroplasty or received an 
additional corticosteroid injections or viscoelastic supple-
mentation. Severity of osteoarthritis was graded based on 
the Kellgren Lawrence classification of osteoarthritis by 
reviewing patients’ preoperative standard weight-bear-
ing knee radiographs in two planes, where grade 0 = no 
radiographic features of knee OA; grade 1 = doubtful 
joint space narrowing with possible osteophyte forma-
tion; grade 2 = possible joint space narrowing with defi-
nite osteophyte formation; grade 3 = definite joint space 
narrowing, moderate osteophyte formation, sclerosis, 
possible bony deformity; and grade 4 = severe joint space 
narrowing, large osteophyte formation, marked sclerosis, 
and definitive bony deformity (20)  

Adipose tissue harvest and processing
The surgical procedure took place in the office during 
regularly scheduled clinic visits under local anesthesia. The 
abdomen or flank was chosen as the harvest site, depending 
on which had more abundant adipose tissue. The harvest 
site was anesthetized with 1% lidocaine and then infiltra -
ed with a solution comprised of lidocaine, epinephrine, and 
saline. Adipose tissue was aspirated with use of a vacuum 
syringe connected to a lipo-aspiration cannula (figure 1). 
Collected lipoaspirate was processed per the manufactur-
er’s guidelines (figure 2). The processed lipoaspirate was 
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then injected into the diseased knee compartment(s), using 
a lateral suprapatellar, medial, and/or lateral approach 
under sterile technique (figure 3). The volume of lipoaspi-
rate injected varied based on the amount of adipose tissue 
available and collected from the harvest site. 

Post-procedure protocol
The injection and harvest sites were covered with a dry 
dressing, and an elastic bandage was applied as a compres-
sive wrap to minimize drainage. Patients were instructed 
to apply an icepack locally as needed. A short course of 
narcotic (hydrocodone/acetaminophen 5 mg/325 mg tab, 
1-2 tabs every 6 hours for 3 days) was used postoperative-
ly for procedure-related pain. Patients were encouraged to 
avoid use of NSAIDs for the first 4 weeks after the proce-
dure because NSAIDs may potentially impact anti-infla -
matory properties of the MFAT. Patients were informed 
that they could return to pre-procedure medications such 
as NSAIDs and pain relievers after 4 weeks. There was no 
formal rehabilitation protocol post-procedure. Patients 
were encouraged to walk and resume other activities as 
tolerated but to avoid heavy exercise such as heavy lifting 
or running for at least 4 weeks. Patients were instructed 
to refrain from participating in formal physical therapy for 
approximately 6 weeks after the procedure. 
Some patients elected to have a steroid injection or visco-
elastic supplementation despite undergoing the MFAT 
procedure. However, patients were not allowed to have 
an injection within 3 months after the procedure. Patients 
were discouraged, though not prohibited, from receiving 

Figure 1. Aspiration of adipose tissue using a vacuum 
syringe connected to a lipo-aspiration cannula.

Figure 3. Injection of processed lipoaspirate using a lateral 
suprapatellar approach under sterile technique.

Figure 2. Processing of collected lipoaspirate.
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an intra-articular injection within 6 months after the MFAT 
procedure. The indication for post-procedure injection 
was chronic knee pain despite the MFAT procedure and 
patient’s request. 
Some patients decided to proceed with surgical treatment 
such as partial or total knee replacement. The criteria for 
conversion to knee arthroplasty was chronic knee pain, 
radiographic evidence of osteoarthritis, and no resolution 
despite MFAT or other non-operative treatment. 

Statistical analysis
Descriptive statistics were presented using mean, medi-
an, ranges and standard error for continuous variables and 
frequencies and percentages for categorical variables. Asso-
ciations between conversion to knee arthroplasty and base-
line characteristics were analyzed using a logistic regres-
sion model with mixed effect to account for within-patient 
correlation for patients who underwent bilateral knee injec-
tions in the cohort. Wilcoxon rank sum test was used to 
evaluate the association between conversion to arthroplas-
ty and volume of lipoaspirate injected. Pearson correlation 
coefficient was used to describe the correlation between 
demographic information and severity of osteoarthritis, 
with r value greater than 0.7 representing strong correla-
tion, greater than 0.5 to less than 0.7 representing moderate 
correlation, greater than 0.3 to less than 0.5 representing 
weak correlation, and any value less than 0.3 representing a 
negligible relationship. A mixed effect regression model was 
used to analyze the change in KOOS JR and SF-12 physi-
cal function and mental health scores from baseline and to 
evaluate the association of patient-reported outcome scores 
with baseline characteristics and conversion to arthroplas-
ty. A P-value of < 0.05 was considered statistically signifi-
cant. The median minimal clinically important difference 
(MCID) of 15.1 was used (21) to determine significan  
findings for KOOS JR scores. For subjects with bilateral 
involvement, both knees were independently included in 
the analysis. Patient-reported outcome scores collected 
after conversion to knee arthroplasty or after receiving an 
additional intra-articular injection were excluded from the 
analysis. 

RESULTS
A total of 56 knees from 39 consecutive patients (20 
females, 19 males) were included in the study. The aver-
age follow-up was 52 (range 7-96) weeks. Three knees (two 
patients) had follow-up only through 13 weeks and 28 
weeks. All other knees, excluding those that converted to 
knee arthroplasty within 1 year, had a minimum of 1-year 
clinical follow-up. The mean age at time of index proce-

dure was 71.1 (range 47.0-94.9) years. The mean BMI was 
28.4 (range 19-37) kg/m2. The following are the number 
of knees based on the Kellgren Lawrence classification of 
knee osteoarthritis:  grade 1 (n = 8); grade 2 (n = 9); grade 
3 (n = 29); grade 4 (n = 4). Preoperative radiographs of six 
knees were unavailable for the study. Post-procedure radio-
graphs for these patients were also not available because 
they were not a part of the post-procedural protocol. Age 
was moderately correlated (r = 0.55, p = 0.0006), and BMI 
was weakly correlated (r = 0.32, p = 0.06) with Kellgren 
Lawrence grade. The mean lipoaspirate volume injected 
was 19.75 (range 3.5-36) mL. No serious adverse events 
were reported. 
A total of 10 knees (17.9%) converted to a knee arthro-
plasty within 1 year of the index procedure. An addition-
al eight knees converted to a knee arthroplasty within the 
second year of follow-up, resulting in a total of 18 knees 
(32.1%) converting to a knee arthroplasty. Thirteen knees 
underwent total knee arthroplasty, and 5 knees underwent 
unicompartmental knee arthroplasty. 
The average time to conversion to knee arthroplasty was 
17 (median 43.5; range 7-96) weeks. Two were classifie  
as Kellgren Lawrence grade 1, 13 as grade 3, 1 as grade 
4 and 2 unclassified due to missing radiographs. Among 
all patients with Kellgren Lawrence grade 3 and 4 OA (33 
total knees), 8 knees (24.2%) converted to knee arthroplas-
ty within 1 year, increasing to a total of 14 knees (42.4%) 
within the second year of follow up. Conversion to arthro-
plasty was not associated with sex (OR = 1.68, 95% CI: 
0.47-6.00, p = 0.42), age (OR = 0.10, 95% CI: 0.93-1.07, 
p = 0.91), BMI (OR = 1.03, 95% CI: 0.90-1.17, p = 0.71), 
Kellgren Lawrence grade (OR = 1.36, 95% CI: 0.60-3.02, p 
= 0.46), or lipoaspirate volume (p = 0.19). Knees convert-
ing to arthroplasty had a significantly lower KOOS JR score 
at 1-year compared to those that did not convert with a 
mean difference of 10.1 ± 4.9 points (p = 0.04) (table I).
A total of three knees (5.4%) received an additional 
intra-articular knee injection, including cortisone or visco-
elastic supplementation, within 1 year of the index proce-
dure. Four additional knees received an intra-articular knee 
injection within the second year of follow-up, resulting in 
seven knees (12.5%) receiving an additional injection. The 
average time to additional injection was 44 (range, 19-63) 
weeks. One knee underwent an intra-articular injection 
prior to converting to a total knee arthroplasty.
KOOS JR scores increased significantly compared to 
preoperative scores at 6 weeks (p < 0.0001), 12 weeks (p 
= 0.0007), 6 months (p < 0.0001), and 1 year (p < 0.0001) 
(table II). The largest mean increase in KOOS JR scores 
occurred at 6 weeks and 1 year, with an increase of 11.6 
and 12.5 points, respectively. The mean 1-year increase in 
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KOOS JR scores was below the median MCID. KOOS JR 
scores were not associated with age (p = 0.05), BMI (p = 
0.75), Kellgren Lawrence grade (p = 0.79), or sex (p = 0.73).
There was a significant increase in mean SF-12 physical func-
tion scores compared to preoperative scores at 6 weeks (p = 
0.02) and 1 year (p = 0.003) (table II). SF-12 physical function 
scores were not associated with age (p = 0.06), BMI (p = 0.95), 
Kellgren Lawrence grade (p = 0.75), or sex (p = 0.21). There 
was no significant change in SF-12 mental health scores at any 

timepoint compared to preoperative scores (table II). There 
was no significant association with age (p = 0.67), BMI (p = 
0.25), Kellgren Lawrence grade (p = 0.85), or sex (p = 0.10).

DISCUSSION
We found a high rate of conversion to knee arthroplasty 
after treatment with MFAT, while also observing a statis-
tically significant improvement in knee pain, stiffness, and 

Table I. Mixed effect model estimate mean KOOS JR scores and change from baseline in those that converted to TKA and 
those that did not convert to TKA at baseline, 6 weeks, 12 weeks, 6 months, and 1 year.

Time Point Mixed Effect Model 
Estimate KOOS Jr 
TKA Mean (SE)

Change from 
Baseline 
TKA Mean (SE)

Mixed Effect Model 
Estimate KOOS 
Jr Non-TKA 
Mean (SE)

Change from Baseline 
Non-TKA Mean (SE)

Mixed Effect 
Model 
Estimate 
TKA 
vs Non-TKA
P value

Change 
from Baseline 
TKA 
vs Non-TKA
P value

Baseline 52.52 (3.48) - 53.52 (2.68) - 0.7931 -

6 weeks 66.52 (3.96) 14.01 (3.84) 64.12 (2.86) 10.60 (2.60) 0.2690 0.4623

12 weeks 59.54 (3.71) 7.02 (3.65) 60.79 (2.75) 7.27 (2.49) 0.8828 0.9558

6 months 56.81 (3.96) 4.29 (3.96) 63.49 (2.75) 9.97 (2.49) 0.1329 0.2260

1 year 57.68 (4.62) 5.16 (4.55) 67.94 (2.83) 14.41 (2.52) 0.0402 0.0766
KOOS JR: Knee Injury and Osteoarthritis Outcome Score for Joint Replacement; TKA: Total Knee Replacement; SE: standard error.

Table II. Mixed effect model mean KOOS JR, SF-Physical Function, and SF-Mental Health scores and mixed effect model 
estimate increase at baseline, 6 weeks, 12 weeks, 6 months and 1 year.

Time Point Mean Score (± SE) Increase in Score (± SE) P-value
KOOS Jr
  Baseline 53.29 (2.38) - -

  6 weeks 64.87 (2.55) 11.59 (2.17) < 0.0001

  12 weeks 60.45 (2.48) 7.16 (2.07) 0.0007

  6 months 61.85 (252) 8.57 (2.11) < 0.0001

  1 year 65.81 (2.63) 12.53 (2.21) < 0.0001

SF-Physical Function
  Baseline 34.40 (1.67) - -

  6 weeks 39.83 (1.91) 5.43 (2.30) 0.02

  12 weeks 38.09 (1.82) 3.69 (2.11) 0.08

  6 months 35.92 (1.82) 1.53 (1.92) 0.43

  1 year 39.47 (1.87) 5.07 (1.66) 0.003

SF-Mental Health
  Baseline 53.14 (1.63) - -

  6 weeks 54.71 (1.89) 1.56 (2.44) 0.52

  12 weeks 52.73 (1.80) - 0.41 (2.30) 0.86

  6 months 54.75 (1.82) 1.60 (2.18) 0.46

  1 year 52.77 (1.92) - 0.37 (1.99) 0.85
KOOS JR: Knee Injury and Osteoarthritis Outcome Score for Joint Replacement; SF: Short Form; TKA: Total Knee Replacement; SE: standard error.
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function at 6 weeks, 12 weeks, 6 months and 1 year. These 
findings suggest that MFAT injection may be more appro-
priately considered as a temporizing procedure, like other 
nonoperative treatments rather than a treatment to circum-
vent the need for a knee replacement. 
MFAT is used as a treatment of symptomatic knee osteoar-
thritis with the expectation that patients can avoid or delay 
additional treatment. Moreover, the regenerative proper-
ties of ADSC may lead to preconceived notions that treat-
ment with ADSC could theoretically circumvent the need 
for surgical intervention. The application of MFAT has been 
noted in animal (22) and human studies (6, 9, 13, 23). A 
study of eight race horses with osteoarthritis were treated 
with a combination of plasma-rich protein and micro-fat 
demonstrated improvement in function and gait in horses 
(22). Similar findings were found in humans. Several small 
case series have found a statistically significant improvement 
in patient-reported outcomes after isolated MFAT injection 
(6, 9, 13). In a case series of 15 patients with shoulder osteo-
arthritis and rotator cuff injuries, most patients noted signif-
icant improvement in pain and function for 6 months, and 
up to 10 months in almost half the patients (23). Addition-
ally, a retrospective-prospective study comparing the effect 
of MFAT versus bone marrow aspirate concentrate (BMAC) 
injection for patients with knee osteoarthritis demonstrated 
similar improvement in pain, function, and quality of life in 
both groups (13). A recent systematic review of MFAT appli-
cation in patients with knee osteoarthritis showed improve-
ment not only in clinical improvements, but also regenera-
tion of cartilage in diagnostic imaging (24). Unfortunately, 
though a systematic review of studies evaluating the use of 
MFAT for musculoskeletal conditions noted improvement 
in pain, function, and even cartilage regeneration in imag-
ing studies, the evidence was limited by low quality stud-
ies and heterogeneity in MFAT processing techniques and 
quality (19). 
There has only been one study that has investigated the need 
for additional treatment for osteoarthritis. Hudetz et al. 
found a significant improvement in KOOS and WOMAC 
scores at 1-year follow-up with an associated 15% conver-
sion rate to total knee arthroplasty in 20 patients with Kell-
gren Lawrence grade 3 or 4 OA treated with a single MFAT 
injection without concomitant procedures (9). The current 
study found a slightly higher 1-year conversion rate of 
24.2% among those with Kellgren Lawrence grades 3 and 
4. The discrepancy in conversion rates between these stud-
ies for patients with more severe OA may be explained by 
the moderate to poor inter-observer reliability of the Kell-
gren-Lawrence classification (25).  Furthermore, patients 
in this study were typically offered MFAT injection after 
exhausting other non-operative treatment, potential-

ly increasing the conversion rate to knee arthroplasty 
compared to that found by Hudetz et al. (9).
In the current study, no baseline characteristics provided 
insight into which patients may benefit most from MFAT. 
The rate of conversion to knee arthroplasty was indepen-
dent of age, BMI, sex, Kellgren Lawrence grade, pre-op-
erative KOOS JR scores, and lipoaspirate volume. Howev-
er, patients who converted tended to have more severe OA 
with approximately 75% classified as Kellgren Lawrence 
grade 3 or 4. Those who converted to knee arthroplasty had 
a significantly lower KOOS JR score at 1 year but no signif-
icant difference at any other time point. This suggests that 
patients who converted to a knee arthroplasty within the 
second year of follow-up might have experienced a plateau 
or drop in clinical outcomes at 1 year. A previous study by 
Jo et al. found that peak clinical outcomes tended to decline 
as early as 1 year after an intra-articular injection of cultured 
ADSC (10). Longer term studies are warranted to further 
evaluate this trend with MFAT. 
It is difficult to interpret the clinical importance of the 
improvement in patient-reported outcomes in the current 
data due to the lack of a well-established MCID for both 
KOOS JR and SF-12 physical and mental components. 
KOOS JR survey was used because it is a valid and reliable 
alternative to KOOS for patients with knee OA and reduc-
es respondent burden (26). However, the reported MCID 
values for both patient-reported outcome tools are depen-
dent on the method used (20, 25). Hung et al. found a wide 
range of MCID values for KOOS JR among patients with 
hip and knee pathology (21). The anchor-based approach, 
which relates to patient reports of change, found an MCID 
range between 14.51 and 18.85. Receiver operating char-
acteristic curve analysis, which maximizes sensitivity and 
specificity of the instrument, identified cutoff points ranging 
from 2.21 to 8.16. The distribution-based method, which 
relates to statistical precision, resulted in an MCID range 
between 20.84 and 40.67. The median MCID value includ-
ing data from both anchor-based and distribution-based 
methods was 15.1 (21). The investigators suggested that the 
lowest MCID value could potentially be used for screening 
purposes, whereas the highest values provide assurance that 
clinically important change has occurred. Use of the median 
MCID value was suggested (21). Our mean 1-year KOOS 
JR score was below that median MCID, suggesting that this 
improvement may not be clinically important.
Evaluating the efficacy of MFAT is dependent on defining
the goals of treatment, whether to avoid knee arthroplasty 
or to provide symptomatic improvement while delaying the 
need for additional treatment. An overall 32.1% conversion 
rate likely indicates an unsuccessful treatment if the goal 
is to circumvent the need for arthroplasty. If the goal is to 
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delay surgical intervention, like other current nonopera-
tive treatments, then an 18% 1-year conversion rate with an 
associated improvement in pain and function may indicate 
an efficacious treatment. Future studies should focus on the 
time to surgical intervention, as a proxy for pain reduction 
and disease progression, to further evaluate the efficacy of 
MFAT as a temporizing agent. Moreover, it is important to 
consider the high cost of MFAT. Future comparative stud-
ies are needed to evaluate the cost-benefit of this treatment. 
The main limitation of this study is its retrospective design 
and a lack of control group. A comparison group with place-
bo or standard treatment may have provided more informa-
tion on the efficacy of MFAT injection in treating and manag-
ing knee OA. The study did not evaluate lipoaspirates in 
terms of the cell type or count but merely volume. Moreover, 
there was no standardization of volume or concentration of 
the MFAT injection. Patients might have undergone knee 
arthroplasty or received an additional intra-articular injec-
tion from an outside provider. However, it is likely that this 
information would have been noted at the patient’s 1-year 
clinical follow-up. The study population was relatively small 
and heterogeneous in terms of osteoarthritis severity, with a 
small number of patients for each Kellgren Lawrence grade. 
Larger studies stratified based on Kellgren Lawrence grade 
are needed to assess whether there is an association between 
severity of OA and conversion to arthroplasty. 

CONCLUSIONS
In conclusion, we found a high rate of conversion to knee 
arthroplasty following a single intra-articular injection of 
MFAT in patients with symptomatic knee osteoarthritis, 

while observing a statistically significant improvement in 
knee pain, stiffness, and function during mid-term follow-
up. These results suggest that if treatment with MFAT is 
offered to patients with knee osteoarthritis, it should be 
described as a potential nonoperative treatment option with 
the aim of providing temporary relief of symptoms, despite 
the potential regenerative properties. These results can assist 
the treating physician in managing patient expectations 
from this treatment. Comparative clinical studies are need-
ed to further assess the efficacy of MFAT against well-ac-
cepted nonoperative treatments for knee osteoarthritis. 
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SUMMARY
Purpose. Posterior layer of thoracolumbar fascia (PTLF) is the part of the deep fascia 
of back of the trunk which connects the trunk, upper and lower limb muscles. PTLF 
is the major myofascial linkage where myofascial force transmission can take place 
between the muscles attached to it. The present study evaluates the force transmission 
through PTLF to the right and left latissimus dorsi, and right and left lower trapezius 
muscles during isometric contraction of right and left gluteus maximus. 
Materials and methods. Present descriptive observational study was conducted on 
40 male adult healthy volunteers aged between 30 to 45 years. The Root mean square 
(RMS) value of EMG signal of the bilateral gluteus maximus, latissimus dorsi and 
lower trapezius muscles was collected using surface Electromyographic sensors. The 
Electromyographic assessment was carried out at normal contraction, at minimum 
resistance (load of 1 kg) and at maximum voluntary contraction with resistance (2-5.5 
kg) of gluteus maximus. 
Results. When left gluteus maximus contracts normally (without any resistance), 
the mean RMS value was found to be 16.28 ± 3.15 µV and on maximum voluntary 
contraction (MVC) with resistance it was 28.95 ± 4.89 µV. When right gluteus maxi-
mus contracts normally without any resistance, the mean RMS value was found to be 
25.83 ± 4.48 µV and MVC with resistance was 43.70 ± 2.60 µV. This showed around 
30-70% increase in RMS value from normal contraction to MVC with resistance. The 
relative activation at different isometric contractions of right and left gluteal muscles 
were compared to the right and left latissimus dorsi and right and left lower trape-
zius muscles. A significant (p < 0.001) Pearson’s correlation was observed between 
the muscles. 
Conclusions. Epimuscular myofascial force is transferred from the gluteus maximus 
muscles to other muscles attached to PTLF directly or indirectly to the same side as 
well as to the opposite side. The connection via PTLF to the muscles attached to it 
may affect the sensory feedback and thereby the neuromuscular control. In pathologi-
cal conditions, same myofascial linkage may contribute to altered biomechanics of the 
back of the trunk. 

KEY WORDS
Electromyography; gluteus maximus; isometric contraction; myofascial force transmis-
sion; posterior layer of thoracolumbar fascia. 
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INTRODUCTION 
Myofascial system is a protective material of the body (1). 
Posterior layer of thoracolumbar fascia (PTLF) is a part 
of this myofascial linkage which covers the muscles of the 
trunk and continues upwards as investing layer of the deep 
cervical fascia of the neck. Below, it continues with the 
fascia covering the gluteus maximus muscle. It also covers 
the extensor muscles of the vertebral column. Thus, PTLF 
is a major fascial connection between the trunk and both 
extremities. A potentially significant fraction of muscle fibe  
force is transmitted myofascially, so the PTLF controls, 
facilitates and restricts the musculofascial function and 
load transfer for proper functioning of the body (2). The 
knowledge of this connection between these major muscles 
and the fasciae plays a significant role in understanding the 
impairment of the musculoskeletal deformity (3). 
The gluteus maximus muscle is a powerful extensor of the 
body and is considered as the primary muscle responsible 
for the movement of the body from sitting to standing posi-
tion (4). The latissimus dorsi muscle acts mainly on shoulder 
joint where it helps in extension, adduction, and abduction 
at horizontal axis. The altered function of latissimus dorsi 
has been shown to be one of the causes of chronic shoul-
der pain and chronic back pain (5). Lower fibres of trape-
zius take origin from spinous processes of 6th to 12th thoracic 
vertebrae and are inserted to a tubercle at the apex of the 
spine of the scapula. Lower fibers of trapezius play a vital 
role in shoulder functioning by moving and posturing the 
scapula. They also play a dynamic role in scapula stability 
and load transferring to the shoulder joint (6).
A normal muscle at rest is electrically silent and at activa-
tion or at contraction electrical potentials are produced and 
it can be noted in the surface EMG. Surface EMG has a lot 
of relevance in sports science and rehabilitation medicine (7). 
The myoelectrical activity of individual muscle depends on 
contractions of muscle attached directly or indirectly through 
the fascia. Myofascial force transmission is defined as the force 
transmitted to bone via electrical activity of individual muscle 
bounded by the epimysium and fascia connected to it (8).  
Epimuscular force is transmitted between the adjacent 
muscle belly interface in two pathways: 1) intermuscular force 
transmission through the connective tissue; 2) Extra-muscu-
lar force transmission between epimysium of a muscle and 
surrounding non muscular structures. Thus, muscles are 
unquestionably linked for force transmission (9). It has been 
proved that the connection between muscles and fasciae plays 
a significant role in understanding the etiopathogenesis of 
several musculoskeletal diseases (10). The studies regarding 
the evidence of force transmission across PTLF to the major 
connecting muscles during gluteus maximus contraction, by 
means of surface electromyography is not found in the litera-

ture. Hence, the present study aims to measure the epimuscu-
lar myofascial force transmission between gluteus maximus, 
latissimus dorsi and lower trapezius muscles during isometric 
contraction of gluteus maximus muscles using surface elec-
tromyography on healthy human adults. 
The surface electromyogram (SEMG) depicts the most 
important bioelectric signals generated by the muscles. The 
SEMG signal is the statistical sum of the motor unit action 
potentials generated by the active motor units and detected 
over the skin.  The RMS values extracted from the SEMG 
indicate overall and, rarely, individual motor unit (MU) 
activity of the muscle being tested (11). 

MATERIALS AND METHODS 
Forty healthy male adult volunteers aged 35 ± 3.80 years with 
BMI of 24 ± 1.92 kg/m2 participated in the study (table I). 
Human Ethical Committee approval was obtained from the 
Institutional Ethical Committee (Kasturba Medical College 
and Kasturba Hospital Institutional Committee) [Registra-
tion No. ECR/146/Inst/KA/2013- IEC141/2016 - Date of 
approval: 8/03/2016; amendment on 06/03/2021] and a writ-
ten informed consent was obtained from all the participants.

All subjects were informed about the set of experiments 
prior to the study. For all the tests, the subjects were made 
to lie in the prone position and were asked to follow the 
investigator’s instructions during the procedure. The exper-
iments were conducted at 3 levels of contractions of glute-
us maximus:
1) normal contraction of unilateral gluteus maximus with-
out resistance (a);
2) isometric contraction of unilateral gluteus maximus with 
minimum resistance of the load 1 kg (A);
3) isometric contraction of unilateral gluteus maximus with 
maximum resistance of the load 2 kg to 5.5 kg (AA).
These procedures were performed bilaterally. All data were 
collected during a single testing session for each subject to 
minimize test-retest variability. The resistance applied were 
measured by using calibrated, modified load cell-handheld 
dynamometer. 

Table I. Mean ± SD of age, height weight and BMI 
(Body Mass Index).

Height
in feet

Weight
in Kg

BMI Age
in years

Mean 
N = 40

5.66 ± 035 71.32 ± 8.32 24.12 ± 1.92 35.32 ± 3.82
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EMG instrumentation
Completely wireless Trigno™ Lab and Trigno™ digital 
systems of surface Electromyography (SEMG) machines 
were used in the study. RMS values of the individual muscles 
attached to the PTLF; gluteus maximus (GMx), latissimus 
dorsi (LD) and lower fibersof trapezius (LTz) on right and left 
sides were documented. Placement of electrodes were stan-
dardized before the beginning of the study and were deter-
mined in accordance with the SENIAM (surface EMG for a 
non-invasive assessment of muscle) (12). For GMx muscle 
the sensors were placed at mid-point of the line between the 
first sacral vertebral segment and the greater trochanter of 
the femur. This position corresponds to the greatest prom-
inence of the middle of the buttocks well above the visible 
bulge of the greater trochanter. For LD muscle, the sensors 
were placed 3 cm below and lateral to the inferior angle 
of the scapula. Sensors for the LTz muscle were placed at 
two-thirds of the way from the trigonum spinea to the eighth 
thoracic vertebra (figure 1). EMG signals were captured at 
0 to 500 Hz, pre-amplified (01.5 mV) using Delsys Trigno 
wireless biofeedback system EMG works Acquisition. 

Data collection and analysis
Delsys EMG works Analysis module was used for 
analyzing the data. By selecting data series and data 
files from the workspace, the calculation was applied 
to the required data series. RMS value of each muscle 
was snapped and exported to excel and then analyzed 
using SPSS software version 16. Mean RMS ± SD of all 
the muscles were compared individually and Pearson’s 
correlation test was performed to see if there is signifi-
cant (p < 0.01) correlation between the muscles at differ-
ent contractions.  

Testing position of the gluteus maximus 
muscle (13, 14)
Skin of the back of the trunk where the sensors to be placed 
was cleaned using ethyl alcohol. The testing positions of 
the muscles and method followed during testing have been 
described (table II) with a schematic representation (figure 2). 

Table II. Position of the thigh and leg for recording EMG of Gluteus Maximus.

Muscle Gluteus maximus Diagrammatic representation

Position Prone

Figure 2

Action The subject lying in prone position with his knee 
flexed up to 90°

Investigator
The investigator standing next to the subject with 
his/her hand placed proximal to the subject’s 
popliteal fossa as indicated in the diagram*.

Figure 2. Diagrammatic representation of the subject showing the position of the thigh and the leg while recording the Elec-
tromyography of gluteus maximus. Star and arrow marked proximal to the popliteal fossa indicates the site and direction of 
resistance applied by the investigator using handheld dynamometer.

Figure 1. (A) Diagrammatic representation of placement of 
sensors. The arrow of the sensors was placed parallel to the 
muscle fibers. (B) Bony landmark of placement of sensors.
TS: Trigonum Spinae of Scapula; IAS: Inferior Angle of Scapula; GT: Grater 
Trochanter of Femur; T7, T8, S1: Vertebral levels; LLTz: Left Lower Trape-
zius; RLTz (X): Right Lower Trapezius; LLD: Left Latissimus Dorsi; RLD 
(Y): Right Latissimus DORSI; LGMx: Left Gluteus Maximus; RGMx (Z): 
Right Gluteus Maximus.
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RESULTS

Left gluteus maximus contraction
Mean RMS ± SD values of the muscle during the contrac-
tion of LGMx were shown in the table III. The mean RMS 
values at minimal contraction (A) and maximum contrac-
tion (AA) was found increased about 40-70% compared 
to the normal contraction (figures 4, 5). The RGMx, 
LLD, RLD LLTz, RLTz were also showed some change 
in the generation of action potential. The percentage of 
EMG signal found in terms of RMS values noted in other 
muscles attached to PTLF when the left gluteus maximus 
contract are as follows. RGMx 10-17%, RLD 18-30%, 
RLTz 20-40%, LLD 14-30%, and LLTz 11-17%. During 
the contraction of LGMx, the superficial muscles in the 
back of the trunk displayed significant (Pearson’s) correla-
tion between them (figure 3). 

Table III. Mean RMS ± SD of the muscles during the contraction of left gluteus maximus. Values are given in µV.

a A AA
LGMx 16.28 ± 3.15 28.95 ± 4.89 41.43 ± 4.94

RGMx 2.71 ± 0.432 3.107 ± 0.59 3.946 ± 0.60

LLD 5.197 ± 0.51 5.85 ± 0.64 6.13 ± 0.48

RLD 4.85 ± 0.48 5.21 ± 0.58 5.78 ± 0.58

LLTz 2.837 ± 0. 72 3.22 ± 0.54 4.70 ± 0.59

RLTz 7.340 ± 0.80 8.684 ± 0.7 9.31 ± 0.428
LGMx: Left Gluteus Maximus; RGMx: Right Gluteus Maximus; LLD: Left Latissimus Dorsi; RLD: Right Latissimus Dorsi; LLTz: Left Lower Trapezius; RLTz: 
Right lower Trapezius; a: normal contraction; A: contraction with the resistance of 1 kg of weight; AA: contraction with the resistance of 2- 5.5 kg of weight.

Figure 3. Graph shows the mean RMS (in µV) ± SD of the 
muscles during the contraction of left gluteus maximus muscle.

*: LGMx vs RLTz - AA (p < 0.02); &: LGMx - A vs RLTz (p < 0.004); **: 
LGMx - A vs LLD - AA (p < 0.004);  #: LGMx - AA vs RLTz - A (p < 0.015); 
+: RGMx vs LLTz - A (p < 0.02);  ++: RGMx vs RLD - AA (p < 0.04); ^: 
RGMx-A vs LLD - A (p < 0.015); ^^: RGMx - AA vs LLD - AA (p < 0.04); 
@: LLD vs RLTz (p < 0.03); @@: LLTz - A vs LLD (p < 0.04).

Figure 4. Representative graphs of raw EMG signals of the 
different muscles in volts (V) during normal contraction of left 
gluteus maximus.

Figure 5. Diagrammatic representation of back of the trunk show-
ing the PTLF (oval encircled area) and the superficial muscles 
attached to it. It also shows the fiber direction of the fascia and 
muscles.
LLTz: Left Lower Trapezius; RLTz: Right Lower Trapezius; LLD: Left 
Latissimus Dorsi; RLD: Right Latissimus Dorsi; LGMx: Left Gluteus 
Maximus; RGMx: Right Gluteus Maximus.
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Right gluteus maximus contracts
Mean RMS (in µV) ± SD values of the muscles during 
the contraction of RGMx are shown in the table IV. The 
mean RMS values were found increased about 20-60% at 
contraction A and contraction AA. The LGMx, LLD, RLD 
LLTz, RLTz also displayed the change in action potential 
in the same pattern as that of the experiment conducted 
on LGMx. The percentage increase in RMS value noted in 
the other muscles attached to PTLF are as follows: LGMx 
10-15%, LLD 18-28%, LLTz 20-45%, RLD 14-25%, and 
RLTz 11-15%. These superficial muscles in the back of 
the trunk exhibited significant (Pearson’s) correlation 
between the muscles when RGMx was made to contract 
(figures 6, 7).

DISCUSSION
There are two types of deep fasciae in human body: 
aponeurotic fascia and epimysial fascia. They are differ-
ent in their functions and mechanical properties (15). The 
aponeurotic fascia envelops various muscles and keeps 
them in place and connect them together (16). Where-
as, the epimysial fascia is specific for each muscle and 
strongly connects the muscle fibers and connects those 

Table IV. Mean RMS (in µV) ± SD of the muscles attached to PTLF during the contraction of right gluteus maximus.

a A AA
LGMx 3.86 ± 0.84 4.90 ± 0.43 4.10 ± 0.73

RGMx 25.83 ± 4.48 34.20 ± 3.11 43.70 ± 2.60

LLD 5.70 ± 0.86 6.85 ± 0.64 5.93 ± 1.28

RLD 3.965 ± 0.61 4.27 ± 0.698 4.10 ± 0.74

LLTz 8.96 ± 0. 49 8.83 ± 0.55 8.25 ± 1.21

RLTz 4. 04 ± 0.54 4.21 ± 0.58 5.68 ± 1.29
LGMx: Left Gluteus Maximus; RGMx: Right Gluteus Maximus; LLD: Left Latissimus Dorsi; RLD: Right Latissimus Dorsi; LLTz: Left Lower Trapezius; RLTz: 
Right lower Trapezius; a: normal contraction; A: contraction with the resistance of 1 kg of weight; AA: contraction with the resistance of 2- 5.5 kg of weight.

Figure 6. Graph shows the mean RMS (in µV) ± SD of the muscles 
during the contraction of right gluteus maximus muscle.
#: LGMx vs LLD - A (p < 0.005); @: LGMx vs LLTz (p < 0.025); ^: LGMx 
- AA vs LLD - AA (p < 0.028); ^^: LGMx - AA vs RLD - AA (p < 0.025); *: 
RGMx vs RLD (p < 0.001);  **: RGMx vs RLTz - AA (p < 0.014); +: LLD - 
AA vs RLD - AA (p < 0.040); @@: RLD - AA vs RLTz - AA (p < 0.007); &: 
RLTz vs RLTz - A (p < 0.041).

Figure 7. Diagrammatic representation of back of the trunk 
showing the PTLF (oval encircled area) and the superficial 
muscles attached to it. It also shows the fiber direction of the 
fascia and muscles.  
LLTz: Left Lower Trapezius; RLTz: Right Lower Trapezius; LLD: Left 
Latissimus Dorsi; RLD: Right Latissimus Dorsi; LGMx: Left Gluteus 
Maximus; RGMx: Right Gluteus Maximus. 
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with the bones attached to it (17). Studies show that the 
aponeurotic fascia has higher percentage of innervated 
area, high density of branching points and more nerve 
structures compared to the epimysial fascia. On the other 
hand, the epimysial fascia is totally adherent to the under-
lying muscle and is connected with the stretch receptors 
such as muscle spindle and Golgi tendon organs (18). It 
is a well-known fact that these stretch receptors are total-
ly in continuity with the perimysium and endomysium of 
the muscle. Thus, the epimysial fascia with these stretch 
receptors works to coordinate the actions of the various 
motor units of the underlying muscles (19).
Posterior layer of thoracolumbar fascia is an aponeu-
rotic fascia which acts as a major fascial connection 
between the superficial muscles of trunk and muscles 
of upper and lower limbs. TLF plays main role in trans-
mitting forces from the lower to the upper limbs and 
vice versa. This is one of the most studied aponeurot-
ic fascia because of its relations with nonspecific low 
back pain (20). But the quantification of force transmis-
sion through the aponeurotic posterior layer of thoraco-
lumbar fascia was lacking in the literature. In our study, 
we quantified the force transmission in terms of electri-
cal activity of the muscles attached to PTLF. The result 
shows that there is significant correlation between the 
force transmission among the muscles directly attached 
to PTLF (between GMx and LD) bilaterally.
RMS value of surface EMG is related to the amount of 
force produced in the muscle (21). In an experimental 
setup, when the gluteus maximus contracts, if there is 
bilateral contraction of the latissimus dorsi, the force 
transmission needs to be through the connecting link, 
that is the posterior layer of thoracolumbar fascia (22). 
We aimed to find the force transmission through PTLF 
and found that a considerable amount of force is trans-
mitted from one side gluteus maximus to the muscles 
attached to the same side as well as the other side of PTLF. 
It was interesting to note that when gluteus maximus 
contracts unilaterally, the contralateral lower trapezius 
shows the highest RMS value among the superficial 
muscles of the back. Gluteus maximus of one side is 
connected via aponeurotic fascia (PTLF) and epimuscu-
lar fascia of the lower trapezius bilaterally through the 
thoracic spines. We assume that epimuscular myofas-
cial force is transmitted from gluteus maximus to the 
lower trapezius of both sides. But the significantly high 
correlation between one side gluteus maximus and 
opposite side lower trapezius may be explained by the 
direction of fibers of PTLF and that of the epimuscular 

fascia, and muscle fiber directions of the lower trape-
zius. The average angulation of fibers in sacral level is 
much less compared to thoracic and lumbar vertebral 
levels (23). The probable line of force transmission is 
from the gluteus maximus to the lumbar and thoracic 
spines through the PTLF and from thoracic spines to 
the epimuscular fascia of the lower trapezius. We postu-
late that this arrangement of fibers contributes to the 
difference in force transmission in different regions of 
the posterior layer of thoracolumbar fascia.
In our study, the considerable variation of RMS value 
in the muscles attached to PTLF when one side gluteus 
maximus contracts can be explained by the discrepancies 
concerning the tissue type and the degree of morpholog-
ical continuity. The possibility of force transfer in these 
muscles through PTLF encourages clinicians to target the 
entire myofascial linkage in the evaluation process and 
treatment of myofascial pathologies of the lower back. 

CONCLUSIONS
This study shows that there is bilateral force transmis-
sion from gluteus maximus to the latissimus dorsi and 
lower trapezius muscles. These muscles are connected 
by the fascial network of the back. The gluteus maximus 
and latissimus dorsi share the origin from the aponeu-
rotic posterior layer of the thoracolumbar fascia. So, 
the change in RMS value in latissimus dorsi while glute-
us maximus contracts, indicates the amount of force 
transmission through the aponeurotic posterior layer of 
thoracolumbar fascia. The difference seen in RMS value 
of the muscles in right and left sides can be explained 
with the help of direction and angulation of the fibers 
of posterior layer of thoracolumbar fascia. The compar-
ative increase in RMS values in lower trapezius clearly 
explains the epimuscular myofascial force transmission 
from gluteus maximus via the PTLF and the thorac-
ic spines to the lower trapezius. The present research 
challenges the traditional view that the muscles of the 
back function as independent units during a particu-
lar movement. In conditions like idiopathic back pain, 
radiating pain, etc., instead of focusing on single struc-
tures like a muscle or a fascia, more holistic approach-
es seem appropriate. In pathological conditions, the 
connection through PTLF may contribute to altered 
biomechanics of the back of the trunk. 
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SUMMARY
Background. LBP is one of the major problems in a primary care communal illness 
with a lifetime prevalence estimating to be as high as 84%. The unspecified structur-
al problems can ascend from day to day mechanical and postural stress on the spine 
and its related ligaments and muscles. It is associated worldwide with vast amounts of 
expenditure in terms of direct health care and losses in relation to disability. Current-
ly, there has been a huge focus on physical exercises intended to enhance segmental 
motion control and lumbar spine stabilization.
Methods. The study sample comprises a total of 239 patients with non-specific LBP. 
From the sample population, a total of 100 patients were evaluated to GPR based 
intervention therapy and the 100 patients evaluated with MCE based intervention 
therapy after dropout. After the end of the intervention procedure the following were 
evaluated: pain level by numeric pain rating scale, disability by Modified Oswestry 
Low back pain Disability Index and functional status by fingertip to floor test. The 
frequency of the session performed in both groups were three times in a week over the 
study period of five weeks
Results. While comparing the evaluated report pain intensity was effectively reduced 
in both study groups (p < 0.001). The GPR group effectively reduced pain intensity 
at the end of the intervention compared to the MCE group (p < 0.001). The Modified
Oswestry Low back pain Disability Index reduced in both groups; however, the GPR 
Group more significantly reduced the score compared to MCE Group (p < 0.001). 
Fingertip to Floor test showed that the GPR Group had a significantly higher flexibi -
ity than the MCE Group (p < 0.001). 
Conclusions. Patients allocated to the GPR group showed significant improvement 
in functional status, disability and pain intensity as compared to the MCE group (p < 
0.001) in patients with nonspecific low back pain
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scale; non-specific low back pain; lumbar stabilization
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BACKGROUND
Low back pain (LBP) is one of the most common illnesses 
with a lifetime prevalence estimating to be as high as 84% (1). 
The definition of LBP defined as stiffness in the lower back 
under the costal margin or muscle tension and above the infe-
rior gluteal folds, without or with leg pain (2). Low back pain 

is found to be one of the foremost causes of health problems 
worldwide. The prevalence of low back pain differs from 
5-65%. It has been reported that the 90% of LBP related to 
unspecified causes (2)  
The lumbar region of back pain which lasts for 4 weeks and 
more has not been diagnosed as a specific disease or spinal 

ABBREVIATIONS:
GPR: Global Postural re-education
MCE: Motor control exercises
LBP: Low back pain
MOLBPDI: Modified Oswestry Low back pain 
Disability Index
NPRS: Numerical pain rating scale
FFT: Fingertip to floor test
NSLBP: Non-specific low back pain
CNS: Central nervous system
LBA: Low back ache
PAR-Q: Physical activity readiness-
questionnaire
SPSS: Statistical package for social sciences
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abnormality is termed as NSLBP (3). It has been reported 
that the weakened abdominal, back muscles, poorly stretched 
muscles, incorrect posture, obesity, strained muscles from 
incorrect body mechanics which often results in the NSLBP 
pain (4). Lower levels of physical fitness and shorter duration 
of sitting activities at home may be associated with reduced 
extensor muscle endurance instead of long duration sitting 
posture in nonspecific chronic LBP (5)
It has been observed that there are many physiotherapy ther-
apeutic approaches including therapeutic electric stimulation 
currents, and exercises of CNLBP have been evolved as one 
most effective therapeutic approach, focus on maintaining 
spine stability (6, 7). Core stability exercises with neuromuscu-
lar electric stimulation was shown to reduce pain and improve 
the function and stability of the lumbopelvic complex (8).
Motor control exercise was advanced based on a perception 
that persons with LBP showed some variations in control and 
coordination of spine muscles. Lumbar muscles must have 
enough strength and endurance to meet the demands need-
ed for control of spine, but the accuracy and efficacy of the 
muscular system is controlled by the CNS (9). The CNS must 
interpret continuously the status of stability and movement, 
then plan mechanisms and rapidly initiate appropriate activity 
in response to overcome unexpected challenges. Many studies 
have shown that low back pain patients may exhibit a delayed 
onset of activity of the deep spine muscles (10, 11). In summa-
ry, the evidence seems to suggest that, with LBP, there is an 
alteration in control of the deep intrinsic spinal muscles that 
consistently manifests as hypoactivity. Although others argue 
that paraspinal muscles react to pain and injury with hyperac-
tivity (12-14).
MCE emphasis on stimulation of deep spine muscles (i.e., 
transverse abdominals and multifidus), pointing reinstatement 
of control and synchronization of this muscle (15). 
GPR is based on an assimilated awareness of muscular schema 
as shaped by muscle chains, which can facade lessening resul-
tant from legitimate, behavioral, and psychological features. 
The intention of GPR is to expand the shortened muscles by 
means of creep property of viscoelastic tissue and to enhance 
contraction of the antagonist muscles, thus avoiding postural 
asymmetry (16). 
Two randomized controlled trials showed that GPR was more 
effective than analytic stretching and mobilizing exercises in 
improving clinical and functional measures (18). Available stud-
ies do not provide sufficient evidence for exact conclusions. 
This study compared the effectiveness of Lumbopelvic Stabili-
zation Exercises and McKenzie Method in Low Back Pain and 
found that both techniques were efficient in reducing pain and 
improving function in patients with low back pain due to disc 
protrusion. However, the groups that used stabilization exer-
cises showed better results in activating lumbopelvic stabilizing 

muscles (19). The present study compared the effectiveness of 
GPR and MCE on nonspecific low back pain patients

MATERIALS AND METHODS

Design of the study
The study design incorporated in the following research 
is “Experimental Study”. The study was conducted at the 
USB college of Physiotherapy of the Rajasthan University 
of Health Sciences, Rajasthan, India from January 2013 to 
December 2019. The study was approved by the USB Insti-
tutional Ethics Committee of the USB Group of colleges 
under Ref. no. USB/Ethical/21, dated: 06/01/2013. The 
study meets the ethical standards of the Helsinki protocol.

Sampling and randomization
Three hundred two patients were initially selected and 
included in the study for baseline evaluation. During evalu-
ation sixty-three were excluded because forty-four did not 
meet inclusion criteria and nineteen chosen not to partici-
pate in the study. Therefore, remaining two hundred thir-
ty-nine were concluded the study.
Two hundred thirty-nine patients were randomly allocated 
to the MCE group (n = 123) and GPR group (n = 116) by 
an independent researcher by means of sealed envelopes 
containing the group name. Twenty-three patients dropout 
from MCE group and sixteen patient dropout from GPR 
group. Finally, hundred patients were completed study and 
analyzed at the end of intervention in both group (figure 1).

Figure 1. Study Flow Chart. 
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Eligibility criteria
Inclusion criteria were aged 18 years or above for both genders 
suffering from non-specific LBP for more than 4 weeks and will-
ing to participate in the study.
Exclusion criteria were the LBP less than 4 weeks (acute LBP), 
specific LBP caused due to previous/existing medical conditions 
such as disc herniation, lumbar stenosis, spinal deformity, frac-
ture, spondylolisthesis, neurologic signs (both central/peripher-
al), systemic illness such as rheumatologic diseases and tumor, 
psychiatric/mental deficits, patients who had a previous surgical 
history (within 6 months) were also excluded prior to the base-
line assessment.

Evaluation protocol
The baseline evaluation was performed initially prior to 
randomization and at the end of the intervention in both the 
group. Evaluator had more than 10 years of experience with the 
evaluation tools used in the study. Selected modules of physi-
cal fitness, anthropometric measurements (height, weight and 
finall , the BMI), and physiological variables were taken from 
each subject
The PAR-Q self-screening tool used before starting any inter-
vention either MCE or GPR group for safety or possible risk 
of exercising for an individual based on their health history, 
and current symptoms and risk factors. 
Outcome measures of the study were subjected to objective-
ly determining the patient’s baseline function at the begin-
ning of intervention period, for evaluating the intervention’s/
treatment’s end outcome. The outcome measures employed 
in the following study were: Modified Oswestry Low Back 
Pain Disability Index (MOLBPDI), Numeric Pain Rating 
Scale (NPRS) and Fingertip to Floor Test (FFT). Pain anal-
ysis was done using the 
Numeric Pain Rating Scale 
(NPRS).Moreover, function-
al status and disability were 
evaluated through the Modi-
fied Oswestry Low Back Pain 
Disability Index (MOLBP-
DI) and Fingertip to Floor 
Test (FFT).

Intervention protocol
Each session of the interven-
tion lasts up to one hour with 
one-to-one supervision to 
avoid unnecessary complica-
tion while undergoing inter-
vention procedure by the 

sample patients. The frequency of the sessions performed 
three times in a week, with each session being distributed on 
an even scale, over the study period of five weeks, totaling 15 
intervention sessions in both the group. 

Group A: the Motor Control Exercise (MCE) 
Intervention Group
The sample populations belonging to Group-A received 
the MCE program. The intervention procedure incorpo-
rated numerous preparatory exercises prior to intervention 
procedure. The interventions started immediately after the 
baseline evaluation. Each individual belonging to the group 
was suggested to rehearse the proposed exercises that were 
taught by the researcher in their previous physical thera-
py session. The patient must perform the proposed exer-
cise at home every day for 15 minutes. The holding time 
and the number of repetitions performed were increased 
progressively (increased up to 10 contraction repetitions × 
10-second duration for each exercise).
The patients were taught and instructed how to contract 
trunk muscles. The patient was instructed to perform a slow 
and normal breathing while performing the intervention and 
while activating/holding muscular contraction in each step of 
the intervention exercise. The intervention program was initi-
ated with low-load activation of local motor control compos-
ing of local motor control exercises which were intended to 
activate the muscle regions isometrically with minimal load-
ing positions. The motor control exercise intervention was 
based on the treatment method described in previous publi-
cations (15). The treatment approach has been designed into 
3 progressive stages (figure 2). The motor control exercise 
treatment program has been given through three phases.

Figure 2. Activation of multifidus in prone lying position.
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Group B: Global Postural Re-education (GPR) 
Intervention Group
The sample populations belonging to Group-B received the 
GPR program. The intervention group was taught with three 
postures that were found to be quite effective in stretch-
ing/lengthening the anterior as well as the posterior chains 
of the muscle group. For this study purpose to make the 
treatment uniformity, 2 or 3 postures were used (table II). 
The GPR intervention was based on the treatment meth-
od described in previous publications (16). These therapeu-
tic postures held for 15-20 minutes each (figure 3). These 
postures are as follows:
• the lying posture with an extension of the legs and flexion

of hip joints;
• the lying posture with flexion of hip joints
• the standing posture with flexion of the trunk

Statistical analysis
Standard Statistical Package for Social Sciences (SPSS) soft-
ware was used for analyzing the data. This tests the reli-
ability and validity of the scales by administering paired 
sample t-test. This is followed by testing of hypotheses by 
applying mean, median, mode, standard deviation, charts, 
and chi-square. The simple features of the study data are 
described by using descriptive statistics. They provide 
simple summaries about the measures and samples. Togeth- Figure 3. The standing posture with flexion of the trunk.

Table I. Intervention protocol with motor control exercises.

Phases Exercises (Repetitions/Time Max up to 10 × 10 sec)
Phase 1
Low-load activation of local 
motor control (Mainly TrA, 
Deep Multifidus, Diaphragm and
Pelvic floor

Crook lying abdominal hollowing exercise for transverse abdominis activation

Activation of multifidus in pron

Abdominal hollowing in sitting

Abdominal hollowing in four points kneeling

Activation of multifidus from sitting to lumbar neutral positio

Phase 2
Closed chain with low load and 
low velocity

Bridge in supine position

Bridge in prone position

Lateral bridge

Phase 3
Open chain with high load 
and velocity

Lower limb abduction

Knee and hip extension in Crook lying

Leg cycling

Sitting knee raises on gym ball

Abdominal slide

Lying trunk curl with leg lift

Basic superman



185Muscles, Ligaments and Tendons Journal 2022;12 (2)

A. KumAr

er with simple graphics analysis, they form the basis of virtu-
ally every quantitative data analysis. The level of significance
was established at P-value < 0.05.

Sample size and calculation
The sample size was calculated using following formula:
N = 4 σ2 (Zα + Zβ) 2/D2
Where:
• N is the total sample size require;
• σ is the standard deviation of the outcome variable 

same for both the group;
• Zα is the confidence level
• Zβ is the power;
• D is the effect size. 

Level of significance taken was as per 0.05 value and power 
was 0.80. Effect size was calculated from mean and stan-
dard deviation of previous study. Values of standard devi-
ation, mean was taken from previous study and effect size 
was calculated on the basis of previous study also (16, 17).

RESULTS
The study participants were subjected to MCE group and 
GPR group, each group comprising 100 participants in each 
group were evaluated after dropout of 23 participants from 
MCE group and 16 participants from GPR group. 
The obtained results include the demographic profile of the 
respondents, descriptive statistics reflecting the characteris-
tics of the sample and response rate of the respondents. The 
Effectiveness of this study is on a “Global Postural Re-edu-
cation (GPR)” program and motor control exercises (MCE) 
for non-specific Low Back Pain

This tests the reliability and validity of the scales by admin-
istering paired sample t-test. This is followed by testing 
of hypotheses by applying mean, median, mode, standard 
deviation, charts, and chi-square. Standard Statistical Pack-
age for Social Sciences (SPSS) software was used for analyz-
ing the data.
Both groups significantly reduced pain after intervention 
compared to the baseline evaluation. Baseline evaluation in 
MCE presented a pain level of 4.98 ± 1.26 points. At the 
end of intervention, the pain reduced to 4.25 ± 1.23 (p < 
0.001) (table III). On the other hand, GPR showed base-
line pain level of  4.98 ± 1.26 points and after intervention 
reducing to 1.72 ± 0.92 (p < 0.001) (table III). Finally, GPR 
demonstrated significantly lower pain level (1.72 ± 0.92) 
than MCE (5.00 ± 1.29) after the intervention protocol (p < 
0.001) (table III).
The MOLBPDI (Modified Oswestry low Back Pain Disabil-
ity Index) decreased markedly to 37.46 ± 7.41 to 32.66 ± 
7.15 in MCE group after the intervention (p < 0.001) (table 
III) and GPR group maintained noticeably lower scores of 
38.3 ± 8.75 to 20.3 ± 4.81 as compared to pre scores. Both 
groups improved their scores at the post intervention evalu-
ation (p < 0.001) (table III), but GPR group scores decreas-
es significantl . There was a statistically significant difference 
in post mean values of GPR-MOLBPDI and MCE-MOLB-
PDI, 20.30 ± 4.81 and 32.66 ± 7.15 respectively (table III).
Functional status were evaluated by using Fingertip to 
Floor test (p < 0.001) and improved flexibility in both 
groups but GPR showed a significant increase in function-
al status of 18.12 ± 4.67 to 9.22 ± 2.88 when compared pre 
and post mean values (table III) and MCE group showed 
less significant result from 18.93 ± 4.23 to 16.26 ± 3.99 
(table III).

Table II. Intervention protocol with Global Postural Reeducation.

Posture Description (Postures held for 15-20 minutes each)

1.The lying posture with an extension of the 
legs and flexion of hip joints to release anterior
muscle chain including diaphragm muscle

The patients were instructed to lie down in the supine position with upper limbs 
abducted to 30° and placing the forearms in the supine position. The hip region 
was flexed, abducted and rotated on the lateral aspects. The foot sole  must be 
touching each other while performing the posture. Manual traction was applied 
along the neck region for aligning the dorsal and cervical portion of the spinal 
column. Sacral traction was also performed to straighten the lumbar part of the 
spinal column.

2.The lying posture with flexion of hip joints to
release posterior muscle chain

The patients were instructed to lie down in supine position with adduction of the 
upper limbs followed by flexion of hip joint to stretch the posterior part of the
muscle chain. Progression consisted of increasing hip flexion, knee ex ension and 
ankle dorsiflexion

3. The standing posture with flexion of the trunk
to release posterior muscle chain

The sample patients were instructed to maintain a posture in an upright position 
followed by the patient to progressively bending towards the forward direction, 
as well as maintaining the occiput, sacral and thoracic spine portion to be 
aligned properly.
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The GPR group showed a significant reduction in all 
outcome measures as compared to MCE group when 
compared pre scores to post scores.

DISCUSSION
The study result demonstrates that the conducts of care 
provider and the contents of exercise programs based on the 
home were both important and the contributor follows the 
programs. Health providers’ home-based exercise and style 
program conditions emerged as powerful themes in our data. 
Our discovery supports the hypothesis that the GPR involve-
ment is fruitful in non-specific low back pain with less disabil-
ity levels when compared to MCE. Patients allocated to the 
GPR group showed significant improvement in functional 
disability and pain intensity as compared to the MCE group. 
The results are similar to those get in both male and female 
but the majority of respondents are male (19), who display 
the good results of the GPR as a compared program of 
analytical exercises in patients with ankylosing spondylitis, 
and those get in other researchers on LBP cited in the review 
(18). Therefore, it appears that Global Postural re-edu-
cation is better in reducing pain and disability in subjects 
with non-specific LBP than segmental techniques. Howev-
er, these results are varied from those by Cunha et al. (20), 
who did not find various outcomes comparing convention-
al static stretching and muscle chain stretching in chronic 
neck pain (20). The causes for these various outcomes may 
be related to both the areas affected by spinal pain and the 
fact that GPR might be more effective when compared to 
analytical stabilization or mobilization techniques, although 
it is not higher level to other stretching techniques (16).
When bearing in mind the clinical importance of our 
research, we can state that the GPR program produced a 
clinically meaningful improvement in comparison with 
MCE group. Both the groups were treated three times in 
week for five weeks and one hour per session. The mean 
fruitful of the MCE program were low relevant than those 
reported in some previous trials (21) but are in line with 
those obtained in some other recent studies (22).

Even than these results are slightly varied from Choopani 
et al., who compared segmental stabilization exercises and 
general exercises and found that stabilization exercises were 
more effective in patients with spondylolisthesis (p < 0.001) 
(20).  My study also shows effectiveness of stabilization exer-
cise, but GPR technique was more fruitful. 
However, the identification of subgroups is a tough process, 
since it cannot be identified yet be guided by a coherent theo-
ry of causation of back pain (24). Moreover, the disability 
levels of the patients cover in our research are less compared 
to previously published disability scores in “non-specific
LBP” populations. Moreover, both therapies consisted of 
a one-to-one supervised exercise program actively requir-
ing the patient: according to the literature, these kinds of 
management are fruitful to decrease disability and improve 
function in chronic LBP (25).
Apart from the strong clustering, the diagnosis could be 
adjusted only for patient factors (e.g., because of the vari-
ance in socioeconomic factors between patient arms they 
adjusted for socio-occupational status). The outcome vari-
ance can be calculated, and some other factors also describe 
the part of outcome variance calculation. It is usually 
assumed that the more experienced physical therapists give 
the better outcomes in clinical (26). However, some current 
researchers assess the relationship between year of patient 
outcomes and the year of experienced physiotherapists, if 
the outcomes reported were not associated with improved 
patient outcomes in outpatient rehabilitation (27).
Moreover, the major strength of this study was presence 
of the simple randomization. This practical choice could 
have not led to some possible sources of bias: the two 
groups were having the same baseline, but slightly varied 
for socio-economical characteristics; this issue was consid-
ered in the multivariate analysis, taking this into account the 
possible different aggregation of patients within the differ-
ent centres.
Another major restriction was the elevated number of drop-
outs in both the groups MCE as well as GPR. Furthermore, 
dropped-out patients varied on critical baseline behaviors 
from those who completed the study; on the other hand, 

Table III. Comparison between the GPR and MCE group at pre and post intervention scores.

Outcome measures Group Baseline or Pre 
intervention Scores

Post 
intervention Scores

Post mean Values P-value

NPRS for Pain MCE 4.98 ± 1.26 4.25 ± 1.23 5.00 ± 1.29 < 0.001

GPR 4.98 ± 1.26  1.72 ± 0.92 1.72 ± 0.92 < 0.001

MOLBPDI for 
Disability

MCE 37.46 ± 7.41  32.66 ± 7.15 32.66 ± 7.15 < 0.001

GPR 38.3 ± 8.75 20.3 ± 4.81 20.30 ± 4.81  < 0.001

FFT for 
Functional status

MCE 18.93 ± 4.23  16.26 ± 3.99 16.26 ± 3.99 < 0.001

GPR 18.12 ± 4.67  9.22 ± 2.88 9.22 ± 2.88 < 0.001
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they were equally represented in the two groups (MCE and 
GPR). The high number of dropouts was mainly due to the 
resolution of patients to give up therapy in the absence of 
expected results and from GPR group was due to the inabil-
ity to hold the posture for particular time. Dropouts from 
both groups had higher levels of disability and pain. This 
aspect was managed with the intent to treat approach, which 
confirmed the improvement obtained in the GPR group with 
respect to the MCE group at the per protocol analysis (28).
According to my views, GPR alone cannot be effective 
for non-specific LBP treatment, and it can be considered 
an important approach in the management of non-specific
LBP patients at low disability levels. As per results of my 
study we cannot apply GPR intervention to subjects with 
high disability level of non-specific LBP. The GPR meth-
od is based on the global stretching of antigravity muscles 
and the stretching of muscles that are organized on muscles 
kinetic chain (29). When the length of the muscle fibre is 
chronically altered, the numbers of sarcomeres adjust to 
compensate the change, which affects the functional capa-
bility of muscle. One study shows that the generation of 
the tension in the skeletal muscle, measured by evaluation 
the length-tension relationship, is directly correlated with 
the degree of superimposed of actin and myosin filaments.
During rest, less superimposition of actin and myosin fil -
ments translating to greater capacity of the muscle of greater 
tension (30). This principle explains the result of my study as 
I applied global stretching techniques designed to improve 
length-tension relationship along with contraction of antag-
onist muscle, thereby improving postural symmetry and 
muscle capability because postural asymmetry may results 
in lower endurance of affected muscles and the increased 
risk of injury in the future when compared to people with-
out postural asymmetry predicates effectiveness of postural 
correction (31). 
Many physiotherapy methods are effective in management 
of non-specific LBP according to literature. Now a day’s 
GPR method is not considering as treatment of choice for 
non-specific low back pain. This may be because of little 
evidence of effectiveness of GPR method. So, my study 
will be benefitted to professionals who are working for 
non-specific LBP and also for community suffering from 
this ailment.
It also needs higher level of studies. Some suggestions are 
the measurements of effectiveness of the clinical effects of 
the GPR on non-specific LBP subgroups, related to the 
phases of pain as acute, sub-acute and chronic pain and 
others are age of patients, etc.
Furthermore, the GPR effectiveness with other techniques 
such as manipulation, specific exercises or traction, etc., can 
be compared.

Moreover, patients follow the home exercise program which 
could not be monitored. Indeed, follow the therapeutic 
program represents in a crucial aspect of chronic low back 
pain therapy (28) and appear to be related to professional 
characteristic and explanations and to the total number of 
exercises prescribed, as well as to individual and psycholog-
ical characteristics (32).
Since the potential effect of physical and sports actions or 
cognitive-characteristic aspects was not review, the presence 
of a complex condition as a result of physical and psychoso-
cial factors can be included (33). As an outcome, definitely
explain the GPR alone does not helpful for the patient with 
low back pain, but the GPR can be considered as a signif-
icance approach for the management of a patient with low 
disability level and persistent LBP. Because dropouts from 
both GPR and MCE groups had increased level of disabil-
ity and pain than the subjects who completed the trial, 
they cannot apply our outcomes to the subject with more 
disabling low back pain.
Many of the physical therapy methods could be helpful in 
low back pain; most of the therapist studied by serious clin-
ical trials. The current research trend on this title allows 
to identify clinical prediction restrictions and some of the 
proposed classifications that can be applied to low back 
pain subgroups.
Low back pain patients sub grouping is related to techniques 
as particular exercises or traction, manipulation and stabi-
lization. But the GPR therapy is not considered within that 
sub grouping. This is mainly due to a usual lack of knowl-
edge and to the compact proof of fruitfulness of this meth-
od. Exercise programs based on home is known to interfere 
with daily routine and normal lifestyles (34). The statement 
of this study consistent with proof that present contributors 
have chronic neck or back pain reduction more to follow the 
prescribed home exercises when the home program requires 
a longer time for execution or includes exercises which are 
difficult to perform. To minimize the daily routine interrup-
tion caused by exercises it gives a solution for a continua-
tion of home-based exercise (35). One solution would be 
restricting the number of exercises advice in each program. 
Similarly, there is evidence suggesting that more than eight 
exercises in a program play a negative influence on contrib-
utor follow the advised exercises (36).
The results proposed that a proper supervision during the 
exercise execution for the duration of a session may be a 
further chance to reduce patient’s lack of confidence and 
panic of exercising at home. Health provider’s style is fin -
ings on the subject of how health provider’s style is import-
ant for contributor following adherence to home-based 
exercise program confirm and expand previous findings
(37). The contributor to this study recognized that a super-
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vised instruction which includes proper feedback which is 
most important for their adherence. It is proof that exercises 
based only on written instructions are not often performed 
properly, and therefore lead to poorer outcomes than when 
compared with outcomes from exercises learned under the 
supervision of a care provider (34). Nevertheless, there is 
also proof that an attractive exercise mode mixed with writ-
ten command improves adherence to exercises of patients 
presenting back pain (32).
Put in writing command during particular daily activities 
were normally used as reminders for our contributor. The 
contributor to our research often felt that these nudges were 
important. In the same way, the use of nudge has also been 
suggested by related studies, due to the fact that patients 
tend to forget exercising or have serious complexities in 
fitting the exercises into their daily routine (38)  

Our study may represent the first step in this direction, 
but it should be followed by further, higher level studies. 
Accordingly, some suggestions for future research are the 
calculation of the clinical effects of the GPR on specif-
ic LBP subgroups, with respect to the age of patients, the 
phase of disorder (e.g., acute, sub-acute or chronic pain), 
and the clinical characteristics. The GPR can be investigat-
ed with or without the novel lumbar support device on pain 
modulation and core muscle function among people with 
CNLBP (39). Moreover, the fruitfulness of GPR should be 
compared with other techniques, as manipulative treatment, 
cognitive characteristic treatment, etc.

Study limitations
However, there are some weaknesses in our study. The 
major restriction was the elevated number of dropouts in 
both the groups MCE as well as GPR.
The study satisfied the sample size, even than the study 
included short-term intervention such as three times a week 
for five-week treatment period onl .
Another limitation is lack of short- and mid-term follow-up, 
which would reveal a significant result (from baseline) in all 
outcome measures with respect to both the group.

The study should have included a control group, so future 
study should include control group for obtaining best results. 
Another limiting factor of my study is lack of sub group-
ing. Some suggestions are the measurements of effective-
ness of the clinical effects of the GPR on non-specific LBP 
subgroups, related to the phases of pain as acute, sub-acute 
and chronic pain and others are age of patients, etc.
Furthermore, the GPR effectiveness with other techniques 
such as manipulation, specific exercises or traction, etc., can 
be compared.

CONCLUSIONS
The evaluated test report of MCG and GPR were compared, 
all the post effect showed an improvement when compared 
to pre-results. Both the method Global Postural Re-Edu-
cational Program and Motor Control Exercise during the 
assessment showed less or more similar effectiveness. While 
comparing the evaluated report and effects from Motor 
Controlled Exercise and Global Postural Re-education 
program, effectiveness was found in GPR program than 
MCE, this is compared and evaluated during the difference 
obtained from pre-study to post-study results from MOLB-
PDI, NPRS and FFT process.
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SUMMARY
Background. Fibromyalgia is a non-inflammatory condition characterized by wide-
spread musculoskeletal pain in conjunction with a large number of specific areas of 
the body that are hypersensitive and painful to touch. Transcutaneous electrical nerve 
stimulation (TENS) is a potential non-pharmacological treatment for pain control in 
patients with fibromyalgia. Therefore, the present study aimed to conduct a systematic 
review of the literature to verify the therapeutic parameters of the application of TENS 
in people with fibromyalgia.
Methods. This systematic review was performed according to the criteria estab-
lished for the Preferred Reporting Items for Systematic Reviews and Meta-Analysis 
- PRISMA. 
Results. The application of TENS in patients with fibromyalgia is effective for the 
reduction of pain when associated with therapeutic exercises in relation to patients 
who perform the exercise alone. However, not enough studies with similar results were 
found to associate the effects of TENS application on quality of life, the impact of the 
disease, fatigue, and depression, but the meta-analyses carried out did not show advan-
tages for the intensity of pain at rest. 
Conclusions. There is great variability in the parameters observed in the use of TENS 
in individuals with fibromyalgia, which generates the need for more primary studies 
that aim to establish optimal parameters for this condition.

KEY WORDS
Electric stimulation therapy; fibromyalgia; pain measurement; physical therapy modali-
ties; transcutaneous electric nerve stimulation.
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INTRODUCTION
Fibromyalgia is a non-inflammatory condition characterized 
by widespread musculoskeletal pain, usually, the pain tends to 
be continuous, but the intensity can vary depending on factors 
such as stress, physical activity, and the weather (1, 2). Other 
symptoms described are morning stiffness, muscle spasm, 
fatigue, poor sleep quality, headaches, depression, and irritable 
bowel syndrome (3). Women are more affected, and the occur-

rence of the disease increases with the aging. However, the 
causes of fibromyalgia are not well delineated, presenting char-
acteristics similar to neuropathic pain, including changes in the 
central nervous system (CNS) (4–6). Chronic pain also inter-
feres in the psychological functions, altering their emotional 
states and consequently affecting their quality of life (7–9).
There are no definitive treatments for fibromyalgia, so the 
minority of patients experience clinically relevant benefits
from various interventions, pharmacological and non-phar-
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macological. Pharmacologic treatment generally is done 
with so-called nonconventional analgesics such as antide-
pressants, duloxetine, and amitriptyline (10, 11) or antie-
pileptic drugs such as gabapentin and pregabalin (12, 13). 
Among nonpharmacological therapies, there are several 
physiotherapeutic interventions. Some of the therapies are: 
acupuncture; manual therapy; kinesiotherapy; hydrothera-
py; and electrotherapy. Electrotherapy has been shown to 
be a viable procedure that can provide considerable pain 
relief and improve patient quality of life (14–17). 
Transcutaneous electrical nerve stimulation (TENS) is a 
potential nonpharmacological treatment for pain control in 
patients with fibromyalgia. TENS consists of the transcuta-
neous application of a low-frequency, pulsed electric current 
that has a biphasic waveform, symmetrical or asymmetrical 
and balanced. This characteristic provides the stimulation of 
nerve receptors and has a component of direct current equal 
to zero. TENS is performed by applying electrodes to intact 
skin, with the objective of stimulating nerve fibers, activating 
central ascending and/or descending inhibitory mechanisms, 
and reducing excitatory signals in the posterior horn of the 
spinal cord. Furthermore, its low cost, portability, and ease of 
autonomy by the patient, in addition to the absence of signif-
icant adverse effects, can justify the application of TENS in 
people who suffer from central sensitization processes, such 
as in cases of fibromyalgia (18–21)  
Given the relevance of the application of TENS in indi-
viduals with fibromyalgia, the objective of this study was 
to perform a systematic review of the literature to verify 
the therapeutic parameters of the application of TENS in 
individuals with fibromyalgia, targeting the physical and 
psychological context, when therapy was compared with 
a placebo group or with the application of other forms of 
therapy, in addition to the effectiveness of this form of ther-
apy in reducing pain at rest by meta-analysis.

MATERIALS AND METHODS 
The systematic review was conducted according to the crite-
ria established for the conduct of reviews, Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis – 
PRISMA (22).

Eligibility and study selection criteria
Electronic databases were used: National Library of Medi-
cine (PubMED), Cochrane, Google Academic, Physiother-
apy Evidence Database (PEDro), and Latin American and 
Caribbean Literature on Health Sciences (LILACS), search-
ing for articles related to the effects of transcutaneous elec-
trical nerve stimulation on individuals with fibromyalgia,
searched in the periods June to August 2021.

The searches were conducted with the terms “fibromyalgia”,
“transcutaneous electrical nerve stimulation” and “effects”, 
correlating them with “and” to form the combinations.

Inclusion and exclusion criteria
Inclusions criteria: linical trials, that had TENS as an inter-
vention on individuals with fibromyalgia were included, of 
both genders. Studies with transcutaneous electrical nerve 
stimulation administered as a single treatment or in combi-
nation with other treatments were also included.
Exclusion criteria: case reports, studies that did not deter-
mine the dose of TENS, were not available in full, involving 
children, animals, and individuals with other conditions not 
related to fibromyalgia were excluded
The analysis of the selected articles was performed by two 
reviewers, who independently determined the eligibility of 
the study. In situations of disagreement about the inclusion 
of the study, a third evaluator was responsible for the inser-
tion or not of the article in this review. The same proce-
dure was used in the evaluation of the internal validity of the 
studies, using the PEDro scale (23).
Regarding the sequence of steps for the selection of articles, 
first the identification and selection of articles was carried 
out, then the eligibility was carried out in which the inclu-
sion and exclusion criteria were applied, and finall , the 
inclusion of articles that fit the methodology of this revie .  

Data analysis
Data were described qualitatively and the main informa-
tion (authors, type of intervention, application parameters, 
and other variables analyzed) was shown in tables. Clinical 
heterogeneity was assessed by two authors and meta-anal-
ysis was performed where both agreed that study partici-
pants, interventions, and outcomes were sufficiently simi-
lar. The results of clinically and statistically homogeneous 
studies were meta-analyzed using Review Manager soft-
ware (RevMan 2011). Meta-analysis was conducted using 
the inverse variance method for continuous outcomes. A 
random-effects model was used. The heterogeneity in the 
data was verified by Chi2 and I2 and the significance level was 
set at 5%. The results were separated according to compar-
ison mode, control/placebo group or other form of therapy.

RESULTS

Selected studies 
The database search resulted in 151 studies, of which 143 
articles were excluded after analysis by the researchers 
because they were duplicated in databases or did not meet 
the methodological criteria reported in this review (figure 1).
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The present review included eight randomized clinical trials 
that addressed the application of TENS in patients with 
fibromyalgia. The sample size in the studies ranged from 10 
to 301 individuals of both genders, aged 18 to 76 years.

Parameters
The search checked the application parameters and the 
effects caused in patients who underwent therapy with 
TENS alone or with TENS associated with other therapies, 
compared to a placebo group or a group undergoing other 
types of therapy.
In relation to the electrostimulation characteristics of the 8 
analyzed studies, it was possible to observe some similarities 
with respect to the application of TENS (table I).
The studies used frequencies equal to or higher than 60 Hz, 
with the exception of Silva et al. (24) who used a frequen-
cy of 15 Hz and Lauretti et al. (25), in which the frequency 
ranged from 2 to 100 Hz. Regarding phase duration, it was 
applied between 150-200 µs, with the exception of Yuksel 
et al. (26) who applied a phase duration of 100 ms and Jami-
son et al. (27) who applied 290 µs. Regarding intensity, 3 
studies used the maximum tolerated by the patient (28–30) 
and 3 studies used intensity according to the patient’s sensi-
tivity, that is, the intensity was applied until the patient felt 
a constant tingling throughout the application time without 
causing discomfort or contraction (24, 26, 27). The study by 
Lauretti et al. (25) was the only one to specify the application 
intensity at 60 mA. The study by Castro-Sánchez et al. (31) 
did not report the intensity, but was the only one to present 
the application of a current with a pulse frequency of 100 
Hz and a burst of 2 Hz. The time of each session ranged 
from 10 to 60 minutes. Only Dailey et al. (29) performed 
a single session to evaluate the immediate effects of TENS.
There were similarities regarding the positioning of the elec-
trodes on the trapezius, supraspinatus, gluteus, cervicotho-
racic region and lower back. Only in the study by Jamison et Figure 1. Flowchart according to the PRISMA method.

Table I. TENS application parameters.

Parameters for 
the application of 
TENS

Silva et 
al.    (21)

Carbonario
et al. (22)

Dailey et al.
(23)

Yuksel 
et al. (24)

Dailey 
et al. (25)

Lauretti 
et al. (26)

Jamison 
et al. (27)

Castro-
Sánchez 
et al. (28)

Frequency (Hz) 15 150 100 70 2-125 2-100 60-100 100

Phase Duration 
(µs ou ms)

150 µs 150 µs 200 µs 100 ms 200 µs 200 µs 290 µs 200 µs

Intensity Strong, but 
comfortable

Intensity
maximum
tolerated

Intensity
maximum
tolerated

Strong, but 
comfortable

Intensity
maximum
tolerated

60 mA Strong, but 
comfortable

Not specifie

Session 
duration (minutes)

40 30 30 20 30 20   60 10

Positioning
two eletrodes 
(bilaterally)

Trapezius, 
Supra-
spinatus, 
Gluteal region

Trapezius, 
Supra-spinatus,

Cervical and
lumbosacral
region

Thoracic
region
(T2/T6)

Cervical 
and 
lumbosacral
region

C7 or 
L5 Region

Top of
the calf

Trapezius, 
latissimus 
dorsi, gluteus, 
tibialis anterior
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al. (27) were electrodes applied to the upper calf region and 
only one of the studies also applied the anterior region of 
the anterior region of the electrodes to the latissimus dorsi 
and tibialis anterior region (31).
Regarding the type of electrodes, none of the articles specify 
the size and material used, with the exception of the work 
by Jamison et al. (27), which describes the use of 4 hydro-
gel pads, with a surface area of 60 cm2 for the application of 
TENS. Furthermore, only the study by Castro-Sánchez et al. 
(31) reports the application of 32 mm diameter electrodes in 
the most painful region of the patient.
Table II shows the information concerning the scores 
obtained by the 8 selected clinical trials according to the 
PEDro scale.

Outcomes

Pain
In six analyzed studies, a significant decrease in pain was 
observed compared to a placebo group. In addition, Silva 
et al. (24) demonstrated that a group treated with TENS 
showed superior effects than a group treated with hydro-
therapy. The study by Castro-Sánchez et al. (31) demon-
strated that both dry needling therapy and TENS therapy 
can reduce pain in patients with fibromyalgia. In the study 
by Yuksel et al. (26), TENS treatment was found to result in 
a significant decrease in pain intensity, as in well as acupunc-
ture application, demonstrating that there was no superior-
ity between the techniques.

Table II. Classification of studies according to the PEDro scale.

PEDro scale Silva
et al..,  2008

Carbonario
et al.., 
2013

Dailey et 
al.., 2020

Dailey
et al.., 2013

Yuksel
et al.., 2019

Lauretti
et al., 2013

Jamison
et al., 
2021

Sánchez et 
al..,  2020

1.  
Eligibility Criteria

 Yes Yes Yes Yes Yes    Yes Yes   Yes

2.  Random 
distribution

1 0 1 1 1 1 1 1

3.  Secret allocation 
of subjects

0 0 1 1 0 0 1 1

4. Initial similarity 
between the groups
groups

1 1 1 1 1 1 1 1

5. “Blinding” of 
the subjects

1 0 0 0 0 1 1 0

6. “Blinding” of 
therapists

0 0 0 0 0 0 0 0

7. “Evaluator 
“Blinding

1 0 1 1 0 1 1 1

8. Measurements 
obtained in more 
than 85% of 
the subjects

1 1 1 1 1 1 1 1

9. Intention-to-
treat analysis
analysis

0 0 0 0 0 0 0 0

10.  Intergroup 
comparisons

0 1 1 1 1 1 1 1

11. Measures of 
precision and
variability

1 1 1 1 1 1 1 1

Total score 7/10 5/10 8/10   8/10 6/10  8/10 9/10  8/10
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One study combined TENS with exercise programs. A reduc-
tion in muscle pain was reported when TENS was added (28) 
and in the same study, a reduction in pain and an increase in 
pain thresholds to pressure, not observed in the group that 
performed exercise alone, was observed. Four studies evaluat-
ed the effectiveness of TENS on fatigue and, in all, a decrease 
was shown compared to the placebo group (25, 28–30). The 
impact of disease was also evaluated in two studies (27, 30) and 
only in the study by Jamison et al. (27), was there a reduction in 
the impact of disease in patients who used TENS for 3 months.

Quality of life
Quality of life was evaluated in 4 studies (24, 26, 28, 30), 
although improved in the study by Silva et al. (24) it was not 
superior compared to the group that underwent hydrothera-
py. However, both groups presented values that correspond-
ed to the presence of depression before the intervention and, 
after treatment, both presented values that did not correspond 
to the presence of depression. Reduced depression was also 
observed through the application of TENS in the study by 
Carbonario et al. (28), when compared to the placebo group.

Flexibility
Flexibility was evaluated in two studies (24, 29), which did 
not show significant differences with respect to the control 
group. In relation to the PEDro scale presented in table 
II, all studies presented a score equal to or greater than 5 
points, indicating that most articles reached at least half of 
the total score. The scoring of this scale was designed to 
observe the internal validity of its results.

Meta-analysis
Meta-analysis was conducted and the use of TENS did not 
show any advantages, when the variable was the intensi-
ty of pain at rest, compared to the control/placebo group 
(figure 2 A) or even other forms of therapy (dry needling 
and hydrotherapy) (figure 2 B), but there was great hetero-
geneity in the data, verified by Ch 2 and I2. 

DISCUSSION 
The results of this systematic review demonstrated that 
the application of TENS in patients with fibromyalgia is 
effective in reducing pain, which is the main objective 
of TENS, and can be explained by gate control theory 
and activation of descending analgesic mechanisms (19, 
21, 32, 33). 
The present study found that the application of TENS 
associated with therapeutic exercises seems to have a 
greater effect in relation to patients who performed the 
exercise alone. Studies have shown that the application of 
TENS associated with exercises contributes to increased 
pain tolerance, both through the release of opioids in the 
CNS (34–37). Furthermore, TENS can act on the adap-
tation to therapeutic exercise, making it more comfort-
able, reducing its initial adverse effects, and improving 
compliance (25, 38). None of the studies showed adverse 
effects with the application of TENS, reinforcing that the 
therapy is also safe.
In one of the studies, the researchers guided the patients 
to apply TENS at home, which promoted similar effects 

Figure 2. Forest graphs, with analysis of the articles in which the use of TENS was compared with control/placebo group (A), 
as well as comparison between TENS and other therapeutic modalities (dry needling and hydrotherapy) (B). In both cases no 
advantages of using TENS therapy to reduce pain intensity at rest were seen.



196 Muscles, Ligaments and Tendons Journal 2022;12 (2)

TENS and Fibromyalgia

to application in the clinical environment. In this study, 
therapy with active TENS in the lower back or cervical 
region showed improvement in pain relief and the results 
were even more positive when 2 devices were applied 
simultaneously in the lumbar and cervical regions (25). 
Therefore, this review highlights the importance of using 
TENS in the home environment, especially in people 
with chronic pain. Effects of TENS on fatigue, qual-
ity of life, impact of illness, depression reduction, and 
flexibility gain were not evaluated in all studies, and the 
results shown were not similar. Thus, there was an incon-
clusive result regarding these effects on patients with 
fibromyalgia
Knowledge of the proper parameters of TENS are essen-
tial for an adequate analgesic effect (21). With this, it was 
observed that pain reduction was achieved with a high 
or maximum intensity tolerated by the patient, indicat-
ing that there may be a type of modulation after apply-
ing an irritating stimulus. This can be explained through 
diffuse noxious inhibitory control, which occurs when 
the response-to a painful stimulus is inhibited by another 
noxious stimulus. Even with these findings, most of the 
articles brought the intensity determined by the patients 
who participated in the study, and one of the studies 
did not show the intensity. Therefore, more research 
is needed to numerically standardize an intensity that 
could cause beneficial effects. There was no consensus 
on frequency and phase duration, but analgesic effects 
were observed in all parameters applied, at high or low 
frequencies and longer or shorter phase durations. As for 
the area of application, it was observed in the study by 
Lauretti et al. (25) that the analgesic effects were greater 
when applied simultaneously in two areas (lumbar and 
cervical).
Through the analysis of the studies, it can be observed 
that the minimum time of application of TENS thera-
py was 10 minutes in addition, it seems that the analge-
sic effects are achieved after several treatment sessions. 
However, Dailey et al. (29) evaluated the effects of a single 
30-minute session and were able to achieve an immediate

reduction in pain and fatigue. In addition, the duration 
of the treatment effect on patients is unknown, demon-
strating that all studies evaluated only the short-term 
effects of TENS. 

CONCLUSIONS
The present study presented the effects of TENS on pain 
and on parameters such as quality of life, fatigue, impact of 
the disease, and depression in individuals with fibromyalgia. 
It was found to reduce pain when associated with a thera-
peutic exercise program. However, not enough studies with 
similar results were found to associate the effects of TENS 
application with quality of life, disease impact, fatigue, 
and depression. The meta-analyses conducted pointed to 
the absence of advantages of using TENS when the vari-
able under study was pain at rest. Moreover, the applica-
tion differences in the application parameters point to the 
need for continuity in studies that seek to register an opti-
mal parameter of this therapy.
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SUMMARY
Background. The maximum grip strength measurement assesses the effectiveness of 
therapeutic approaches for upper limb dysfunction, provides an objective measure of 
the reliability of hand functions, and measures functional performance during occu-
pational tasks.
Objective. The purpose of the study was to investigate muscle performance in terms 
of grip strength and endurance in both genders with different forearm and shoulder 
abduction postures.
Methods. Thirty-one healthy right-handed participants (15 men and 16 women) 
volunteered for this study. For present observational study, a full factorial experimen-
tal design of 2 × 3 × 3 was used: gender (male and female), different forearm posture 
(supination, pronation, and neutral) and shoulder abduction (0°, 90°, and 180°). The 
response was recorded in terms of maximal voluntary contraction (MVC) grip strength 
and grip endurance time at 50% MVC. A Multivariate analysis of covariance was 
performed using SPSS 25.0 at a significance level of 0.05
Results. The male participants had higher grip strength (698.1N ± 34.3N) and endur-
ance (49.1 ± 3.2 seconds) as compared to females (321.6N ± 38.1N) and (34.9 ± 
5.6 seconds) respectively. The forearm pronation postures showed the highest grip 
strength in male (724.9N ± 119.7N) and female (327.6N ± 90.2N). In addition, shoul-
der posture with 0° abduction showed highest grip strength in male (742.6N ± 124.5N) 
and female (369.8N ± 111.4N) participants. In addition, age (p = 0.003), weight (p = 
0.016), palm length (p < 0.001), and palm circumference (p = 0.012) also significantly
affect the grip strength. 
Conclusions. A significant improvement in muscular performance in terms of hand 
grip strength and endurance were reported, however, they were significantly depen-
dent on gender and anthropometric variables. Palm length and gender were the most 
important parameters affecting the grip strength and endurance.  
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INTRODUCTION
Maximum grip strength measurements assess the effective-
ness of therapeutic approaches for upper limb dysfunction 
(1), provide an objective measure of the reliability of hand 
function, and measure functional performance during occu-

pational work in terms of grip strength (2). Precise measure-
ment of grip strength is very essential in designing a hand 
tool or device. Especially when designers develop products 
for humans, the latest appropriate grip strength data is vital 
(3). The Jamar dynamometer is typically used to measure 
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grip strength for ease and consistency (4). Gender and age 
are very vital factors affecting grip strength, and gender is a 
major proportion of the overall variance (5).
Grip strength is influenced by numerous factors includ-
ing gender, hand posture, shoulder and forearm posture, 
whole-body posture, and anthropometry characteristics of 
the participant (6). In the literature, various previous results 
(7-11) provide a more precise estimation of forearm and/or 
hand dimensions and a better interpretation of grip strength 
than common anthropometric dimensions. Anthropometric 
measurements of the body: height and weight (12), and fore-
arm and/or hand anthropometric variables: forearm circum-
ference (12), palm length and palm width or circumference 
(12, 13) are turned out to be an important independent 
predictor of grip strength. In addition, previous studies (11, 
14) have also confirmed that posture has a significant effect 
on grip strength and grip endurance. Fiebert et al. (15) stat-
ed supination posture to be the most significant posture for 
gripping during the endurance task (14). In addition, maxi-
mum grip strength was reported when the shoulders were 
flexed 180° with the elbows fully extended, while minimum 
grip strength was found with elbows flexed 90° with 0° shoul-
ders (16). In contrast, Kattel et al. (10) shows maximum grip 
strength when the wrist was in a neutral position with upper 
arm abduction of 0° and elbow flexion of 135°. In addi-
tion, the maximum grip strength in pronation was signifi-
cantly reduced compared to the supine and neutral forearm 
postures (17). Similarly, De Smet et al. (18) also reported 
minimal grip strength in the pronation compared to supine 
and neutral forearm postures in both male and female. 
The purpose of the study was to investigate muscle perfor-
mance in terms of grip strength and endurance in both genders 
with different forearm and shoulder abduction postures. 
Specificall , this study measured the grip strength and grip 
endurance time at 50% maximal voluntary contraction (MVC) 
for male and female participants in several settings, including 
different forearm posture (supination, pronation, and neutral) 
and shoulder posture abduction (0°, 90°, and 180°).

METHODS

Experimental design
For the present observational study, a full factorial design 
of 2 × 3 × 3 was used: gender (male and female), differ-
ent forearm posture (supination, pronation, and neutral) 
and shoulder posture abduction (0°, 90°, and 180°). The 
response of the experiment was recorded randomly in terms 
of grip strength and endurance at 50% MVC in three differ-
ent levels of forearm and shoulder postures. In addition, a 
stepwise multiple linear regression was used to find signif-
icant predictors of grip strength and grip endurance time. 

Participants
Thirty-one healthy right-handed participants having seden-
tary lifestyle (15 men (range 18-26 years) and 16 women 
(range 19-27 years)) volunteered for this study. Participants 
were invited from the university campus to participate in the 
experiment voluntarily by notification, and the experiment 
plan was explained in detail. All participants signed a written 
informed consent form that agreed to the protocol proce-
dure and data disclosure. The participants were excluded if 
they report any history of hand, forearm and wrist dysfunc-
tion. The research protocol was accepted by the Departmen-
tal Research Ethics Committee before the beginning of the 
evaluation (DREC/073/2020) and with the 1964 Helsinki 
declaration. All participants were informed that they were 
completely familiar with the procedure used in this study and 
can withdraw from the trail at any time. Participant anthro-
pometric measurements (table I) were recorded according to 
the protocol used in previous studies (7, 8). 

Apparatus and protocol for the experiment
Grip strength and endurance time were measured using hand 
gripper (model: G100; M/s Biometrics Ltd. UK) under all 
experimental conditions (figure 1). To record variables depen-
dent on forearm posture, participants sat in a height-adjustable 
chair, with the forearm (supination, pronation and neutral), 

Table I. The anthropometric variables of the participants.

Item Male (mean ± SD)
n = 15

Female (mean ± SD)
n = 16

Age (years) 21.5 ± 2.5 22.6 ± 2.6

Weight(kg) 64.5 ± 9.8 49.5 ± 10.5

Length of palm (cm) 10.7 ± 0.6 9.3 ± 2.1

Circumference of Palm (cm) 21.4 ± 1.3 17.9 ± 4.5

Forearm Length (cm) 25.9 ± 1.5 22.9 ± 5.6

Circumference of forearm (cm) 28.2 ± 1.5 23.8 ± 5.9
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resting horizontally on a platform and the height of the chair 
was adjusted for the comfort of the participants. Participant’s 
right upper arm was on the coronal plane, abduction was 0°, 
and elbow angle was 90°-120°. The height of the platform was 
adjusted due to the inconsistency of the height of certain partic-
ipants, shorter participants could not remain seated with their 
elbows bent at 90°; they were therefore allowed to flex their 
forearms further to around 30° (7). However, for shoulder 
abduction postures, participants sit in height-adjustable chairs 
and grip the grip dynamometer with shoulder abductions (0°, 
90°, and 180°) postures. The shoulder abduction angles were 
measured with the aid of a rotary potentiometer-based goniom-
eter (a similar goniometer was used by Bhardwaj et al. (19)). The 
stationary arm of the goniometer was aligned in parallel with the 
trunk while the movement arm was aligned with the humerus.
In either position, the handle jammer grip dynamometer 
is squeezed to maximum capacity by the participants (two 
trials to record the MVC and two minutes rest between each 
trial) (20, 21) till the participants felt unbearable discom-
fort. The grip Jammer (Model: G100; Make: M/s Biometrics 
Ltd. UK) was directly interfaced with Data LINK via cable 
H2000 (Make: Biometrics Ltd. UK) and then connected to 
a Laptop (Compaq Core2Dual Processor) using USB1800 
(Make: Biometrics Ltd. UK) connecting lead. Thereafter rest 
of five minutes was given to each participant to measure the 
grip endurance time at 50% MVC (taking reference as the 
highest value of the two trials). At 50% MVC of the respec-
tive subject, the subject was asked to sustain the grip force 
with ± 10% limits until they felt intolerable discomfort and 
could not maintain the exertion at the target level. The corre-
sponding time was recorded as endurance time using the 
same Data LINK software for further analysis. 

In addition, the forearm and shoulder postures were 
randomly selected during the trials and a 2-minute rest was 
granted between each experimental condition. The partic-
ipants were blinded to the sequence of the experimental 
trials and were asked to perform 18 randomized trials (MVC 
and endurance measurement in supination, pronation, and 
neutral posture and in three different shoulder postures (0°, 
90° and 180°)) depending on the experimental conditions.

Table II. Summary of statistically significant main effects and two-way interactions (P-values).

Dependent Variables
 Grip Strength Endurance Time

Independent Variables Gender p < 0.001 p = 0.026

Forearm Posture p < 0.001 p = 0.036

Shoulder Posture (abduction) p = 0.007 p < 0.001

Gender x Forearm Posture p = 0.967 p = 0.701

Gender x Shoulder Posture (abduction) p = 0.920 p = 0.307

Forearm Posture x Shoulder Posture (abduction) p = 0.702 p = 0.443

Co-Variates Age p = 0.003 p = 0.541

Weight p = 0.016 p = 0.033

Length of palm p < 0.001 p = 0.455

Circumference of palm p = 0.012 p = 0.260

Length of forearm p = 0.181 p = 0.305

Circumference of forearm  p = 0.340 p = 0.967

Figure 1. Measurement of grip strength (Maximal Voluntary 
Contraction) and grip endurance time in different forearm 
and shoulder abduction posture: (a) 0 Degree abduction, (b) 
90 Degree abduction, (c) 180 Degree abduction, (d) Prona-
tion, (e) Supination, and (f) Neutral.
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Data analysis
Table II summarizes the grip strength and endurance 
data for all postures. A Multivariate analysis of covariance 
(MANCOVA) was performed using SPSS 25.0 (SPSS Insti-
tute Inc.) at a significance level of 0.05 (table III). P-P plots 
were drawn to verify the normality of the grip strength and 
endurance data. In addition, Pearson’s correlations tests 
were also accomplished to assess the correlation among 
the covariates and dependent variables (table IV). A step-
wise multiple linear regression was used to find signifi-
cant predictors of grip strength and grip endurance time. 
A multiple linear regression models were performed after 
selecting the predictors, to predict grip strength and endur-
ance time as a function of anthropometry (table V). 

RESULTS 

Effects on grip strength and grip endurance 
time by gender
There was a significantly different effect of grip strength (p < 
0.001) and endurance (p = 0.026) by gender (table II). The 
results showed that the male participants had higher grip 
strength and endurance than the female participants. The 
average grip strength of male and female participants was 
698.1N ± 34.3N (mean ± SD) and 321.6N ± 38.1N (mean ± 
SD), respectively. In addition, the average endurance time of 
male and female participants was 49.1 ± 3.2 seconds (mean ± 
SD) and 34.9 ± 5.6 seconds (mean ± SD), respectively. The 
average grip strength and endurance time of female partici-
pants exhibited a decrease of 53.93% and 28.92% respective-
ly compared to that of male participants (table III). Howev-

er, the results showed that there were no two-way interaction 
effects of gender and different body postures on grip strength 
and endurance (table II). 

Effects on grip strength and grip endurance time 
by posture
The effects of shoulder posture abduction and forearm 
posture on grip strength (p < 0.001) and endurance (p < 
0.05) were significantly different (table II). In addition, shoul-
der posture with 0° abduction showed highest grip strength 
in male (742.6N ± 124.5N) and female (369.8N ± 111.4N) 
participants, followed by 180° abduction in male (715.14N ± 
133.4N) and female (363.9N ± 114.7N) participants (table III 
and figure 2). The grip strength of the 90° and 180° shoulder 
abduction postures was not significantly different for both 
genders. The forearm pronation postures showed the highest 
grip strength in male (724.9N ± 119.7N) and female (327.6N 
± 90.2N), followed by the supine posture in male (677.8N ± 
130.4N) and neutral forearm posture in female (288.4N) ± 
80.4N) participants (table III and figure 2).
Additionally, the 180° shoulder abduction posture showed the 
highest grip endurance time in male (53.2 ± 7.8 seconds) and 
female (44.2 ± 7.4 seconds) followed by 0° abduction in male 
(52.6 ± 13.1 seconds) and female (38.6 ± 11.2 seconds) partici-
pants (table III and figure 3). However, the grip endurance time 
in the 0° and 180° shoulder abduction positions was not signifi-
cantly different for both genders. Neutral forearm postures 
showed the longest grip endurance time for male (49.3 ± 11.3 
seconds), followed by pronation (47.1 ± 10.4 seconds); howev-
er, for female participants, the highest grip endurance time was 
shown by the pronation posture (33.7 ± 9.9 seconds), followed by 
the supine posture (33.2 ± 9.3 seconds) (table III and figure 3).

Table III. The summary of data on grip strength and endurance time.

Grip Strength (N)
(mean ± SD) 

Endurance time (Seconds)
 (mean ± SD)

Postures Male Female Male Female

All Postures 698.1 ± 34.3 321.6 ± 38.1 49.1 ± 3.2 34.9 ± 5.6

Fo
re

ar
m

Po
st

ur
e

Supination 677.8 ± 130.4 287.4 ± 86.3 47.1 ± 10.4 33.2 ± 9.3

Pronation 724.9 ±119.7 327.6 ± 90.2 47.3 ± 12.8 33.7 ± 9.9

Neutral 672.9 ± 126.5 288.4 ± 80.4 49.3 ± 11.3 31.7 ± 7.6

Sh
ou

ld
er

 
Po

st
ur

e 
(A

bd
uc

tio
n)

0° 742.6 ± 124.5 369.8 ± 111.4 52.6 ± 13.1 38.6 ± 11.2

90° 655.3 ± 120.5 292.4 ± 71.6 45.3 ± 12.2 28.3 ± 9.4

180° 715.1 ± 133.4 363.9 ± 114.7 53.2 ± 7.8 44.2 ± 7.4
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Effects of anthropometric variations on grip 
strength and endurance time
The present study results showed that age (p = 0.003), 
weight (p = 0.016), palm length (p < 0.001), and palm 
circumference (p = 0.012) significantly affect the grip 
strength. However, grip endurance was significantl  

differed only for weight (p = 0.033) (table II). Pearson 
correlation tests were also performed for the prediction of 
grip strength (N) and endurance time based on anthro-
pometric measurements. Results showed that length of 
palm (r = 0.850, p < 0.001) was the best predictor of grip 
strength followed by circumference of palm (r = 0.729, p < 
0.001) and length of forearm (r = 0.723, p < 0.001). Addi-
tionally, for endurance time, length of palm (r = 0.541, p < 
0.001) was the best predictor, followed by circumference 
of palm (r = 0.497, p < 0.001) and length of the forearm (r 
= 0.413, p < 0.001) (table IV).

Linear regression analysis
Table V showed R-square value for predicting grip 
strength and endurance time based on anthropometric 
measurements. The results showed that the model was 
statistically significant (p < 0.001) and R-square value of 
the grip strength was 0.825 and for endurance was 0.298, 
and the RMS error of grip strength was 95.40N and the 
endurance was 9.39 seconds. In addition, the gender was 
the utmost important interpreter of grip strength and grip 
endurance time (an average decrease of 373N and 14.16 
seconds for female).

DISCUSSION
The purpose of the study was to investigate muscle 
performance in terms of grip strength and endurance in 
both genders with different forearm and shoulder abduc-
tion postures. The results of the current study exhibited 
that gender, shoulder abduction and forearm postures (p 
< 0.05) significantly affect the grip strength and endur-
ance. Similarly, Lee and Hwang (6) exhibited gender, 
handedness, and posture had also a significantly differ-
ent effect on the grip strength. In addition, they conclud-

Table V. R-square, P-values, and RMSE value as a prediction of grip strength (N) and grip endurance time (seconds) based on 
anthropometric measures.

Intercept Gender R-square RMSE P-value
Grip Strength 9.76 - 373.156 0.825 95.40 < 0.001

Grip endurance time 10.92 - 14.16 0.298 9.39 < 0.001
Indicated P-values < 0.05; male = 0; female = 1; RMSE = root-mean-square-error.

Table IV. Pearson correlation coefficients (r), and P-values, for prediction of grip strength (N) and grip endurance based on 
anthropometric measures.

Age Weight FL FC PL PC
Grip Strength 0.202

(p = 0.016)
0.603**
(p < 0.001)

0.723**
(p < 0.001)

0.237**
(p < 0.001)

0.850**
(p < 0.001)

0.729**
(p < 0.001)

Endurance time 0.118
(p = 0.109)

0.313**
(p < 0.001)

0.413**
(p < 0.001)

0.078
(p = 0.289)

0.541**
(p < 0.001)

0.497**
(p < 0.001)

Figure 2. Clustered Boxplot of MVC grip strength by gender 
and posture.

Figure 3. Clustered Boxplot of Endurance Time by gender 
and posture.
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ed that the grip strength of male subjects was 2.05 times 
that of female subjects, and the 0° shoulder posture had 
a 3% higher grip strength than at 180°. Further, the 
grip strength of the neutral forearm posture was 2.4% 
higher than that of the supination posture (6). Similarly, 
the current results show that the grip strength of male 
subjects is 2.17 times that of female subjects. The grip 
strength at shoulder posture with 0° abduction is approx-
imately 11.3% and 3.7% higher than the 90° and 180° 
abduction, respectively. In addition, the grip strength 
produced by the pronation posture is 7.2% higher than 
that of the neutral posture. In addition, consistent with 
current results, previous studies have shown that grip 
strength is higher in male than in female of comparable 
age groups (6, 22-30). 
De Smet et al. (18) reported minimal grip strength in 
the pronation compared to supine and neutral forearm 
postures in both male and female. In contrary, present 
results showed the highest grip strength in male and female 
participants in the forearm pronation postures. In addi-
tion, shoulder posture with 0° abduction showed highest 
grip strength in both genders, followed by 180° shoul-
der abduction. Consistent with present results, Kattel et 
al. (10), shows maximal grip strength with a neutral wrist 
with an abduction of the upper arm of 0° and an elbow 
flexion of 135°.  Su et al. (16) reported maximum grip 
strength when the shoulders were flexed 180° with the 
elbows fully extended, while minimum grip strength was 
found with elbows flexed 90° with 0° shoulders. However, 
the current results show that male (742.6N ± 124.5N) and 
female (369.8N ± 111.4N) participants with 0° shoulder 
abduction posture have highest grip strength, followed by 
men (715.14N ± 133.4N)) and female (363.9N ± 114.7N) 
participants with a 180° shoulder posture (abduction). In 
addition, grip strength decreased in both gender as the 
shoulder was positioned at 90° abduction. This findin  
indicates that the angle of the shoulder joint (90° abduc-
tion) does not affect the grip performance as compared to 
0° and 180° shoulder abduction position. It can be specu-
lated that the coordinated muscles of the back and shoul-
ders may be able to work best when raising the shoulders 
in a 0° abduction or 180° shoulder posture (abduction). 
However, this requires further EMG studies to evalu-
ate the comprehensive function of upper limb and back 
muscle activity in the grasping process of these shoulder 
postures (16). In addition, it is speculated that cultural 
and ethnic factors such as the level of physical activity, the 
roles of men and women in different societies, height and 
weight, etc., may be related to this finding. This is an area 
that needs more research.

The results of present study showed that age (p = 0.003), 
weight (p = 0.016), length of palm (p < 0.001), and circum-
ference of palm (p = 0.012) had a significant effect on grip 
strength.  Similarly, Alam et al. (8) showed significant effects 
of length of palm, circumference of palm and length of 
forearm on grip strength. In addition, Wu et al. (14) found 
that palm length was the best significant factors influencing
grip strength after age and gender. Similarly, present results 
showed that length of palm (r = 0.850, p < 0.001) was the 
best predictor of grip strength followed by circumference of 
palm (r = 0.729, p < 0.001) and length of forearm (r = 0.723, 
p < 0.001). Another study by Alam et al. (7) concluded that 
length of palm and age significantly affects the grip strength 
and length of palm, being the utmost decisive parameter 
(r = 0.357, p < 0.001). Crow and Ship (31) and Petrofsky 
and Lind (32) reported significantly different effect of age 
on grip strength (p < 0.001); however, age was not signifi-
cantly affecting the endurance. Interestingly, present results 
also showed significant correlation of age with MVC grip 
strength (r = 0.202, p = 0.016), however, age was not signifi-
cantly affecting the endurance (r = 0.118, p = 0.109).  

CONCLUSIONS
It can be concluded that male participants have high-
er grip strength and endurance compared to females. 
Compared with women, the pronation position and 0° 
shoulder abduction position showed the highest grip 
strength among men. In addition, palm length is the best 
predictor of MVC grip strength and grip endurance time. 
Therefore, it is suggested that anthropometrics and grip 
strength data for specific postures may be useful for clin-
ical and industrial applications in the Indian population.

Limitations and future scope
Initially, only young college students were considered, so 
this study did not investigate the influence of different 
age groups on grip strength. Future studies may investi-
gate the impact of hand dominance (left and right) and 
collect grip strength in various age groups from young 
subjects to the elderly of same or different ethnic group. 
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SUMMARY
Background. Genetic factors have been implicated in Achilles Tendinopathy (AT) and 
the response to different management strategies in Caucasian populations. To account 
for racial differences, this study investigated the ABO blood group disposition to AT 
and effects on selected physiotherapy interventions in Nigerian footballers. 
Methods. Participants included 56 footballers made up of 28 confirmed cases of AT 
and 28 matched controls. Royal London Hospital test and ultrasonography were used 
to screen for AT. Demographic data as well as outcome variables were determined at 
baseline. ABO blood grouping was done by conventional serotyping. Participants with 
AT were randomized into three groups and managed for eight weeks using Intrasound 
Therapy, Therapeutic Ultrasound and Eccentric Exercises. The outcome variables of 
the three physiotherapy approaches in the different ABO groups were assessed and 
statistically analyzed using IBM SPSS 22 at the end of eight weeks. 
Results.  Blood group O responded significantly in all outcome parameters (p < 0.05) 
regardless of the modality used. Blood group A had the highest OR of 3.000 (p = 
0.051) while blood group B had the lowest OR of 0.625 (p = 0.758). However, all the 
treatment strategies were effective in the management of AT. 
Conclusions. The differential treatment outcomes according to ABO blood group in 
footballers suffering from AT may help in the development of treatment algorithms.
Study registration.  South African Medical Research Council (PACTR201909524416162).

KEY WORDS
Achilles tendinopathy; blood groups; intrasound therapy; therapeutic ultrasound; eccen-
tric exercises.
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INTRODUCTION
Achilles tendinopathy (AT) is a major foot and ankle over-

use injury which is prevalent in running and jumping sporting 

activities, especially in football that has witnessed increased 

participation in recent times (1). It is degenerative and causes 

abnormal collagen structure with eventual tendon rupture (2, 

3). Clinically, AT presents with symptoms of pain, swelling, 

impaired function during sporting activities and activities of 
daily living and poor quality of life (4).
Major risk factors for AT are a combination of extrinsic and 
intrinsic factors with ABO blood groups implicated as an 
important intrinsic factor in an individual’s susceptibility to 
AT (4-6). The ABO blood groups have been implicated in a 
number of human diseases and the risk of developing some 
diseases is influenced by alleles or phenotypes of ABO blood 
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groups; for instance, blood groups have been reported to have 
a correlation with the overall risk of tendon rupture, with 
blood groups O and A more likely to experience a tendon 
rupture (7). However, beyond their role in blood transfusion, 
alleles and phenotypes of the ABO system show racial and 
population-based variations with available data on Achilles 
tendinopathy limited to Caucasians population (8-11).
The management of AT lacks evidence-based support, and 
tendinopathy sufferers are at risk of long-term morbidi-
ty with unpredictable clinical outcome (12). The non-surgi-
cal treatment available to patients with acute and chronic AT 
are non-steroidal anti-inflammatory medications (NSAIDs), 
steroid or platelet-rich plasma injections, autologous whole 
blood injections, prolotherapy and sclerotherapy (13). These 
therapies offer unpredictable results, and in the case of 
steroids, can lead to serious side effects and more rapid degen-
eration of the tendon (13). Physiotherapy is accepted as the 
first line approach for managing AT because it is non-inva-
sive and offers a more comprehensive rehabilitation of the 
affected tendon and surrounding tissues (14). Physiotherapy 
management of AT includes Eccentric exercises and electro-
therapeutic modalities such as Therapeutic ultrasound, Intra-
sound therapy and Low-level laser therapy among others (15, 
16). These are often used in a multimodal approach for the 
purpose of alleviating symptoms and promoting functional 
recovery (16). 
The response of individuals to treatment has been found to 
be influenced by their genetic disposition and genetic infor-
mation now available has opened up the possibility to system-
atically study inter-individual differences in drug response 
using genome-wide association (GWA) studies (17). Results 
of these efforts have so far led to pharmacogenomics which 
is the tailoring of drug treatments to people’s genetic makeup 
and a form of “personalized medicine”. Genetic investigation 
is needed to develop treatment and therapies that can selec-
tively modulate AT by understanding the genetic variation 
that may influence the prognosis of the management. The 
blood group phenotype and other associated genetic expres-
sions can enhance the understanding of individual differ-
ences in disease presentation and responses to intervention. 
Differential response to treatment can determine the type and 
preference of treatment and studies on response to treatment 
with the use of physiotherapy approaches in the management 
of AT are sparse. There is a dearth of studies on the associ-
ation between ABO inheritance and tendinopathy in black 
Africans, hence the need for this study in order to account 
for racial variations. The purpose of this study therefore was 
to determine the ABO blood groups predisposition to Achil-
les tendinopathy and their responses to treatment with select-
ed physiotherapy approaches in a population of Nigerian 
footballers.

MATERIALS AND METHODS

Study population
This study involved fifty-six (56) football players who were 
recruited from some football clubs under the Lagos Junior 
League in Lagos, Nigeria. The participants had written 
informed consent and had played football actively in the last 
6 months and engaged in full football training and match 
responsibilities at the time of the commencement of the 
study. Excluded were participants who had undergone prior 
surgical repair of the Achilles tendon. Assessments and data 
collection took place at two different stadia in Lagos metrop-
olis. Ethical approval was obtained from the institutional 
Health Research and Ethics Committee (HREC/06/19/536). 
The study was also registered with South African Medical 
Research Council (PACTR201909524416162). 

Study design and research procedure
This was a randomized case-control study that involved 
28 participants who tested positive to Achilles tendinopa-
thy through both the Royal London Hospital Test (RLHT) 
and Musculoskeletal Ultrasonography and 28 age-matched 
controls who tested negative to AT. Participants who met the 
inclusion criteria were purposively recruited and those who 
tested positive to AT were randomized into 3 groups as seen 
in the flow chart figure 1).
The sample size was determined using the protocol devel-
oped by Kumar (18). The study was done in two phases.

Figure 1. Flow Chart of participants from recruitment to 
completion of study.
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Phase 1: determination of intrinsic risk factors for 
Achilles tendinopathy
Demographic data which included age, gender, football 
club, ethnicity, height, weight and leg dominance were 
obtained for each participant with the use of the data 
form. The presence of Achilles tendinopathy was assessed 
using the Royal London Hospital Test (RLHT) (19), in 
prone lying position on a plinth/flat surface. Diagnostic 
Ultrasound Machine (XARIO 200, China) equipped with 
a 5-12 MHz 50 mm linear array transducer was used to 
image the Achilles tendon to confirm AT for participants 
who tested positive and their age matched controls who 
tested negative to RLHT. Ten milliliters (10 ml) of blood 
were obtained by venipuncture from participants who 
tested positive to both RLHT and ultrasonography using 
a collecting set, plain EDTA bottles. Blood groups were 
determined using Antigen-Antibody principle (20). 

Phase 2: intervention using physiotherapy approaches
Participants who tested positive to the RLHT and confirmed
with ultrasonography were randomized into 3 treatment 
groups using a computer-generated random sequence. 
Baseline assessment was done which included: “Range of 
Motion” (Goniometry) (21), “Pain” (VAS) (22), “Quality of 
Life” (SF-12) (23), “Severity of injury” (VISA-A) (24) and 
“Foot Function” (FAAM) (25).
Group A:  this group received Intrasound Therapy only 3 
times a week for 8 weeks.
Group B: this group received Therapeutic Ultrasound only 
3 times a week for 8 weeks.
Group C: this group received Eccentric Exercises only 3 
times a week for 8 weeks.

Treatment procedure

Group A
Intrasound Therapy (Novasonic Sonic Wave SK2 device, from 
USA): participants were asked to lie prone on a plinth with the 
ankle hanging over the edge of the plinth which is a zero-an-
gle position for the ankle joint. The Intrasound therapy device 
was plugged in and set at moderate intensity for the partic-
ipants. The Intrasound probe was moved over the affected 
part of the Achilles tendon in circular motion for 10 minutes 
with a water-soluble coupling medium (K-Y gel) (26) to trans-
mit the sound waves down into the Achilles tendon. Partici-
pants reported any feeling they had during the procedure and 
were monitored for any adverse reaction to treatment.

Group B
Therapeutic Ultrasound (Ultrason 101-ML device, from 
India): participants were asked to lie prone on a plinth 
with the ankle hanging over the edge of the plinth which 

is a neutral position for the ankle joint. The ultrasound 
machine was plugged in, with intensity at 1 MHz and 
continuous mode frequency for the participants. The 
ultrasound probe (1 MHz probe) was moved over the 
affected part of the Achilles tendon in circular motion for 
10 minutes with a water-soluble ultrasound gel to transmit 
the sound wave down into the Achilles tendon (27). Partic-
ipants reported any feeling they had during the procedure 
and were monitored for any adverse reaction to treatment.

Group C
Eccentric Exercises: participants in this group received 
moderate intensity eccentric strengthening and stretching 
exercises of the triceps surae. The eccentric loading program 
was previously described and it included 3 sets of 15 slow 
repetitions (28). The gastrocnemius muscle was eccentrically 
loaded (standing on the toes) with both knees in full exten-
sion, to maximize the activation of the soleus muscle. Also, 
with the knee extended (affected leg), the Achilles tendon was 
in full elongation (heels down and toes pointing upwards) at 
the edge of a stair. The third set was with the knee flexed at 
the edge of a stair, the Achilles tendon was elongated (heels 
down and toes pointing upwards). Each exercise was repeat-
ed 5 times. Assessment of the outcome parameters were done 
post-intervention at the end of 8 weeks of treatment.

Data analysis
Data was analyzed using the Statistical Package for Social 
Sciences version 22.0 and summarized using descriptive statis-
tics of mean, standard deviation, frequencies and percent-
ages. Independent t-test was used to determine the mean 
difference of parameters among study group and controls. 
Paired t-test was used to compare pre and post intervention 
outcome variables of group A, B and C. One-way Analysis of 
Variance (ANOVA) was used to assess improvement across 
all three blood groups and treatment groups. Level of signifi-
cance for all inferential statistics was set at p ≤ 0.05.

RESULTS
A total of fifty-six football players completed the study: 28 
cases of Achilles tendinopathy and 28 matched controls. The 
Median (Interquartile range) of their ages (years), heights 
(m), weights (Kg) and BMI (Kg/m2) were 21 (19-25), 1.72 
(1.65- 1.78), 63.8 (57-71) and 21.6 (19.7-23.3) respectively. 
The Blood Group distribution in AT is seen in figure 2. 
The distribution of the ABO blood groups has been repeatedly 
investigated in various populations all over the world and their 
frequencies exhibited considerable variation with blood group 
O showing the highest frequency and blood group AB the least 
frequency (29). Anifowoshe et al. (30) reported the distribu-
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tion of the ABO blood groups in the Nigerian population with 
frequencies in the order O > A > B > AB as 52.93%, 22.77%, 
20.64% and 3.66% respectively. This study was not an excep-
tion to the findings as blood group O showed the highest 
frequency and AB the least. In the randomized population of 
study however, there was no blood group AB both in cases and 
control which could be explained by the low percentage in the 
general population. Blood group A had the highest odd ratio 
with a value of 3.000, blood group B had the lowest odd ratio 
with a value of 0.625 at 95% confidence interval table I). 

Table II shows the responses of the various blood groups to the 
outcome parameters. Improvement recorded in blood groups 
were measured regardless of the treatment received. At the 
end of 8 weeks of treatment, the outcome parameters based 
on the responses of the different blood groups to the treatment 
modalities are depicted in table II. Blood group O significantl  
improved in all the outcome variables regardless of the treat-
ment modality received. 
One-way Analysis of variance (ANOVA) showed there 
was no significant difference across treatment modalities 
received in all three groups. However, pre- and post inter-
vention analysis within the groups showed that treatment 
with therapeutic ultrasound significantly improved almost 
all the outcome parameters (table III). 

Figure 2. Distribution of ABO Blood Group in AT.

Table II. Comparison of blood group responses to outcome parameters.

Parameters Blood Group A Blood Group B Blood Group O F-value P-value
VAS
Pre-Rx
Post-Rx

5.33 ± 1.75
1.17 ± 1.33           
t = 8.730, p ≤ 0.001*

4.80 ± 1.92
1.00 ± 1.73
t = 6.517, p = 0.003*

5.38 ± 2.03
1.63 ± 1.67
t = 5.724, p ≤ 0.001*

0.170
0.371

0.845
0.694

ROM-DF
Pre-Rx
Post-Rx

ROM-PF
Pre -Rx
Post-Rx

19.67 ± 6.50
23.50 ± 4.68
t = - 4.053, p = 0.010*

17.50 ± 4.23
23.17 ± 2.14
t = - 2.688, p = 0.043*

21.40 ± 6.54
25.40 ± 10.92
t = - 1.807, p = 0.145

17.50 ± 3.39
21.80 ± 5.22
t = - 1.844, p = 0.139

17.63 ± 7.27
21.31 ± 6.02
t = - 3.405 p = 0.004*

17.25 ± 4.85
20.88 ± 4.18
t = - 3.896, p = 0.001*

0.617
0.749

0.010
0.710

0.548
0.990

0.484
0.582

VISA-A
Pre-Rx
Post-Rx

61.67 ± 6.41
85.00 ± 13.86
t = - 4.295, p = 0.008*

52.20 ± 12.21
87.40 ± 19.09
t = - 3.112, p = 0.036*

61.81 ± 17.52
76.38 ± 16.06
t = - 2.471, p = 0.026*

0.391
1.204

0.681
0.317

FAAM-ADL
Pre-Rx
Post-Rx

FAAM-SP
Pre-Rx
Post-Rx

83.50 ± 13.38
97.00 ± 4.98
t = - 3.166 p = 0.025*

69.50 ± 20.35
88.67 ± 13.35
t = - 3.153, p = 0.025*

79.60 ± 13.08
94.00 ± 9.82
t = - 4.330 p = 0.012*

70.60 ± 20.49
91.40 ± 13.41
t = - 3.570, p = 0.023*

77.44 ± 13.53
93.50 ± 7.81
t = - 3.904 p = 0.001*

67.56 ± 23.52
83.13 ± 17.52
t = - 2.167, p = 0.047*

0.448
0.458

0.042
0.603

0.644
0.638

0.959
0.555

Table I. Blood group predisposition to Achilles 
tendinopathy.

Blood Group Odd Ratio (95% CI) P-value

A 3.000 0.051

B 0.625 0.758

O 0.941 0.967

*Significance at p < 0.05
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SF12-PSC
Pre-Rx
Post-Rx

SF12-MSC
Pre -Rx
Post-Rx

46.41 ± 5.93
53.13 ± 3.14
t = - 3.154 p = 0.025*

49.04 ± 13.37
57.42 ± 4.38
t = - 2.109, p = 0.089

45.12 ± 6.84
54.44 ± 5.08
t = - 5.423 p = 0.006*

53.46 ± 11.21
56.21 ± 4.57
t = - 0.639, p = 0.557

45.86 ± 5.99
52.88 ± 4.36
t = - 5.374 p = 0.001*

47.23 ± 9.71
56.18 ± 6.11
t = - 4.422, p = 0.001*

0.060
0.256

0.677
0.114

0.942
0.776

0.518
0.893

*Significance at p < 0.05. VAS: Visual Analogue Scale; ROM: Range of Motion; DF: Dorsiflexion; PF: Plantarflexion; VISA-A: Victorian Institute for 
Sports Assessment-Achilles; FAAM: Foot and Ankle Ability Measure; ADL-SC: Activity of Daily Living-Subscale; SP-SC: Sport Subscale; SF-12: Short 
Form-12; PSC: Physical Subscale; MSC: Mental Subscale.

Table III. Comparison across treatment groups at baseline and 8th week.

Parameters INTRASOUND ULTRASOUND ECCENTRIC Exs. F-value P-value
VAS
Pre-Rx
Post-Rx

6.11 ± 1.36            
1.89 ± 1.27 
t = 6.185 p = 0.001*

5.40 ± 2.07        
1.30 ± 1.42    
t = 7.235 p = 0.001*     

4.22 ± 1.72
1.00 ± 1.94  
t = 3.884 p = 0.005*             

2.669
0.756           

0.089  
0.480               

ROM-DF
Pre-Rx
Post-Rx

ROM-PF
Pre-Rx
Post-Rx

 
16.33 ± 7.05  
20.67 ± 6.86  
t = - 7.211, p = 0.001*

15.00 ± 3.43
21.00 ± 4.12  
t = - 3.753, p = 0.006*                                  

20.10 ± 6.19      
23.20 ± 7.61
t = 1.849, p = 0.097 

19.05 ± 4.66      
21.90 ± 3.87  
t = - 2.543 p = 0.032*      

 
19.22 ± 7.43
23.22 ± 5.95
t = 3.098 p = 0.015* 

17.39 ± 4.12       
23.22 ± 5.95 
t = - 2.710 p = 0.027*                    

 
0.762   
0.418     
 

2.296  
0.144                                      

 
0.477
0.663
 

0.121
0.867

VISA-A
Pre-Rx
Post-Rx

61.56 ± 16.47 
75.33 ± 17.39  
t = - 2.166, p = 0.062             

62.89 ± 15.73
83.78 ± 18.44
t = - 4.458, p = 0.002*            

62.89 ± 15.73
83.78 ± 18.44
t = - 2.149, p = 0.064             

0.218
0.684                       

0.806
0.514

FAAM-ADL
Pre-Rx
Post-Rx

FAAM-SP
Pre-Rx
Post-Rx

74.89 ± 12.66
94.00 ± 5.48
t = - 5.065, p = 0.001*
 

62.67 ± 22.74 
80.56 ± 15.20 
t = - 2.102, p = 0.069                        

81.60 ± 12.05
95.10 ± 6.92  
t = 4.573, p = 0.001* 
 

70.00 ± 23.99  
91.30 ± 9.76   
t = - 2.850, p = 0.019*

81.56 ± 14.45 
93.78 ± 9.99
t = - 1.935, p = 0.089 
 

70.33 ± 19.12  
85.56 ± 20.76
t = - 1.923, p = 0.091

0.802    
0.082    
 
 

0.351   
1.116                                   

0.460  
0.921
 
 

0.708
0.343

SF12-PSC
Pre-Rx
Post-Rx

SF12-MSC
Pre-Rx
Post-Rx

 
45.32 ± 5.11
52.16 ± 3.98
t = - 3.713, p = 0.001*

47.95 ± 11.20 
56.41 ± 6.31                  
t = - 2.845, p = 0.022*

46.39 ± 6.48  
53.53 ± 3.90  
t = - 3.979 p = 0.003* 

49.83 ± 10.93  
57.84 ± 4.77  
t = - 2.498, p = 0.034*                   

45.59 ± 6.30 
53.50 ± 4.95   
t = - 6.879 p = 0.001* 

49.69 ± 11.57  
55.82 ± 5.67
t = - 2.360, p = 0.046*                 

0.082   
0.311 
 

0.080    
0.331                                     

0.922
0.735 
 

0.923
0.721       

*Significant at p < 0.05. VAS: Visual Analogue Scale; ROM: Range of Motion; DF: Dorsiflexion; PF: Plantarflexion; VISA-A: Victorian Institute for Sports 
Assessment-Achilles; FAAM: Foot and Ankle Ability Measure; ADL-SC: Activity of Daily Living-Subscale; SP-SC: Sport Subscale; SF-12: Short Form-12; 
PSC: Physical Subscale; MSC: Mental Subscale.

Parameters Blood Group A Blood Group B Blood Group O F-value P-value
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DISCUSSION
In the last 20 years, there has been increasing evidence 
that blood groups have a role to perform biologically 
and have been used as genetic markers in studies and 
correlations with various diseases (31). The ABO blood 
types have been shown to have significant ties to race 
and are known to play important roles in the suscepti-
bility and outcome of numerous disease processes. Stud-
ies have identified certain ABO blood types as potential 
risk factors for a variety of disease processes includ-
ing certain patterns of musculoskeletal injuries (32, 
33). However, the findings of this study indicate that 
the ABO phenotype does not show significant predis-
position to AT, although blood group A had a higher 
odd ratio while blood group B showed the lower odd 
in our study population. This agrees with the findings 
of Kujala et al. (34). However, this is at variance to the 
previous findings that blood group A or O was more at 
risk of Achilles tendon injury (7). Similarly, prior stud-
ies from other populations; Hungary, Finland and Scot-
land reported preponderance of blood group O to AT 
(35, 36). This variance between the previously reported 
Caucasian’s data and our African population might be 
important racial factors in the prevention and manage-
ment of AT in different population groups. Therefore, 
comparative study with larger study population may be 
imperative to determine the blood group that is most at 
risk of AT especially among black Africans. 
Interestingly, we observed improved outcome of all 
variable parameters in blood group O regardless of the 
modality used. This suggests that footballers with blood 
group O who present with Achilles tendinopathy may be 
effectively managed with any of the selected physiothera-
py approaches. Blood group A in this study also appeared 
to improve in most of the considered parameters but not 
in mental subscale of quality of life (QoL). Blood group 
B on the other hand had the weakest response as param-
eters like range of motion (ROM) for both dorsiflexion 
and plantarflexion in addition to mental subscale of the 
QoL were not improved. The reason for this differential 
responses need to be elucidated in a larger cohort study. 
However, this study provides evidence of differential 
responses to management by the different Blood group 
genotypes with potential for new management strategies. 
We described the efficacy of all the three interventional 
strategies in the treatment of AT as Pre and Post inter-
vention comparison within each group showed improve-
ment in most of the treatment outcome parameters. 
However, we observed differential response outcome of 

the treatment modalities in respect of their blood group 
phenotype.
Therapeutic ultrasound (TU) appears to be the most 
effective for the management of Achilles tendinopathy 
because there was significant improvement in all the 
outcome parameters (VAS, ROM-PF, VISA-A, FAAM, 
SF-12) except the ankle dorsiflexion. This ultimately 
suggests that TU may be effective in the management of 
AT. In vitro studies have demonstrated that ultrasound 
can stimulate cell migration, proliferation, and collagen 
synthesis of tendon cells that may benefit tendon heal-
ing (37). Therapeutic ultrasound has been previously 
reported to reduce the swelling in the acute inflammato-
ry phase of soft-tissue injuries, relieve pain, and increase 
function in patients with chronic tendon injuries and 
may enhance tendon healing (38). These positive effects 
of therapeutic ultrasound on tendon healing revealed by 
in vivo and in vitro studies may be responsible for the 
physiologic responses to this physical modality.
Pain (VAS) was most significantly improved in the 
Intrasound therapy (IST) group and the ankle range 
of motion (ROM) for dorsiflexion and plantarflexion 
were also improved. The overall quality of life (QoL) 
improved in both domains after 8 weeks. It was however 
observed that there was no improvement in severity of 
injury (VISA-A) in this group. Furthermore, there was 
50% improvement in the foot activity (FAAM) of play-
ers who received IST as only the activity of daily living 
(ADL) subscale was improved while the Sports subscale 
was not improved. Intrasound therapy may be able to 
modulate tenocyte activity at the cellular level as report-
ed by previous studies since tenocytes play a key role in 
tendon repair because they lay down the extracellular 
matrix and the strength of the repaired tissue is attribut-
ed to their population at the site of injury (13, 39, 40). 
However, the duration of management for a more satis-
factory outcome requires further studies. 
Frizziero et al. (41) suggested that more RCTs are need-
ed to compare the existing protocols and establish the 
possible relative effectiveness of different dosages of EE. 
Eccentric exercises (EE) improved pain (VAS) expe-
rience, ROM for dorsiflexion and plantarflexion and 
overall QoL significantly in this study. Eccentric exercis-
es have been associated with clinical benefit in improv-
ing pain, tendon structure and function and modulating 
muscle control and tendon loading in patients with tend-
inopathy (16, 42). However, there was no improvement 
in foot activity (FAAM) and severity (VISA-A) of inju-
ry. VISA-A measures pain and flexibility during sport-
ing activities while FAAM emphasizes functionality (in 
both sport activity and ADL). The lack of improvement 
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in functionality and flexibility of the tendon among the 
participants in this group may be because of strain for 
an extended period as players continued in their sport 
activities after treatment. The best way to approach this 
may be for the players not to engage in any form of sport 
activity for best results. A study reported that the sever-
ity (VISA-A) of Achilles tendinopathy improved when 
EE was combined with Laser therapy (43). In a prospec-
tive cohort study of individuals with symptomatic Achil-
les tendinopathy, ultrasonographic tendon structure 
improved following eccentric loading, and normalized 
to values of a matched control group after 24 weeks (16, 
44). However, another systematic review reported strong 
evidence that disagrees with structural changes as an 
explanation for the improvement of tendinopathy with 
exercise, challenging the belief that improving the struc-
ture will automatically improve function (16, 45). Consid-
ering the t-value (t = - 6.879, - 2.360) however, eccentric 
exercises gave the best result in the improvement of the 
QoL. This agrees with the findings of De Vos et al. (46), 
who reported that patient satisfaction improved by 63% 
in the EE only group compared to other groups and Mafi 
et al. (4), who reported satisfaction and return to activity 
significantly by 82% in the EE group.

CONCLUSIONS
The study demonstrated that differential responses 
to treatment of AT is influenced by ABO blood group 
phenotypic inheritance with Blood group O recording 

improved treatment outcome regardless of the interven-
tional modality used. Furthermore, all the 3 physiother-
apy modalities used; Intrasound therapy, Eccentric exer-
cises and therapeutic ultrasound were effective for the 
management of Achilles tendinopathy. However, differ-
ential responses were recorded irrespective of the blood 
phenotype. Therefore, a differential treatment algorithm 
of combined ABO phenotypes and selected modality 
based on subject specific symptom needs may allow preci-
sion rehabilitation and improve management strategy. 
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SUMMARY
Objective. To compare the effictiveness of intra articular injection (IAI) of steroid and 
HA with or without Suprascapular nerve block (SSNB) in the management of AC.
Patients and methods. Randomized controlled trial involved 80 patients (62 women 
and 18 men) clinically diagnosed as having adhesive capsulitis divided into 2 main 
groups: intra articular injection with SSNB (40 cases) and without SSNB (40 cases), 
each group divided into 2 subgroups. Twenty patients were treated with ultrasound 
guided intra articular injection of steroid (4 ml of 2% lidocaine and 2 ml of 40 mg/ml 
triamcinolone) and another twenty patients were treated with ultrasound guided intra 
articular injection of hyaluronic acid (4 ml of 2% lidocaine and 2 ml hyaluronic acid). 
Results. Intra articular shoulder injection with SSNB has higher significant visual 
analogue scale (VAS) score at baseline and lower significant VAS score at 1st and 3rd 
week (p < 0.001). However, there was no significance between both groups regard-
ing disability score at 3rd week (p = 0.316). In contrast, there was a high significance
between them considering disability score at baseline, 1st, 6th week (p < 0.001 and 
0.008, respectively). 
Conclusions. In patients with adhesive capsulitis, both a combination an IAI alone or 
with SSNB dramatically improved pain and functional results. The use of an SSNB in 
conjunction with an IAI especially with steroid enhanced therapeutic effectiveness.
Study registration. Our study achieved retrospectively the pan African clinical trial 
registry acceptance No. PACTRA202111695655746.

KEY WORDS
Ultrasound; adhesive capsulitis; intra articular steroid injection; intraarticular hyaluron-
ic acid injection; suprascapular nerve block.
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INTRODUCTION
Primary adhesive capsulitis (AC) is a shoulder disorder char-
acterised by a progressive and painful loss of both active 
and passive range-of-motion (ROM) in all planes of the 
glenohumeral joint, particularly external rotation, caused 
by progressive fibrosis and contracture of the glenohumeral 
joint capsule (1).  
The American Academy of Orthopedic Surgeons has 
detailed how clinical manifestation such as history and clin-
ical assessment are used to make a diagnosis.

The disorder affects around 2% to 5% of the overall popu-
lation (2). AC treatment can be either surgical or non-oper-
ative, while the ideal approach is still debated (3). 
Intra-articular steroid injections (IASIs) alone or with phys-
iotherapy were previously reported effective treatment 
options that enhance rapid pain loss and early improvement 
in many soft tissue lesions and regional pain syndromes 
including AC (4, 5).
Suprascapular nerve block (SSNB) is another safe and 
acceptable therapeutic option for AC. It is beneficial in 
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lowering pain intensity and functional impairment, hence 
improving the quality of life of AC patients (6). 
Hyaluronic acid (HA) is an ingredient of synovial fluid that 
is essential for joint lubrication and chondroprotection. 
Injecting HA into joints suppresses cytokine-induced reac-
tions and reduces synovial inflammation, relieving pain and 
enhancing joint mobility (7). But the use of HA administra-
tion in the management of AC is not commonly accepted 
due to conflicting findings (8).
HA preparations has been proven to increase viability and 
regeneration and counteracted apoptosis in tendon derived 
cells (9).
Oliva et al. showed that anti-inflammator , wound healing, 
antiangiogenic, and immunosuppressive effects of HA have 
been reported in vitro and in vivo studies. These findings
encourage the clinical application of HA in tendinopathies 
such as rotator cuff, epicondylitis, Achilles, and patellar 
tendinopathy (10).
In this study, we aimed to compare the effictiveness of intra 
articular injection (IAI) of steroid and HA with or without 
SSNB in the management of AC.

METHODS
This Randomized controlled trial involved 80 patients (62 
women and 18 men), during the period from 10 December 
2020 to 1 November 2021, with AC selected from outpa-
tient clinic of Rheumatology and Rehabilitation Depart-
ment, Al-azhar University Hospital, Assuit after acceptance 
of Ethical Committee (aa85\007\2022) and it conforms 
with the declaration of Helsinki for human experimenta-
tions (11). 
We diagnosed AC by history of shoulder pain and limita-
tion of passive and active ROM for at least three months. 
Secondary etiology of shoulder ache (e.g., acute trauma, 
fractures, bony deformities, and glenohumeral joint disease) 
are contraindicated for block therapies (e.g., bleeding 
disorder and infection) and chronic medical diseases were 
excluded from this study. All enrolled participants divided 
into 2 main groups: intra articular injection with SSNB (40 
cases) and without SSNB (40 cases). Each group divided 
into 2 subgroups:
1) Twenty patients were treated with ultrasound guided 
intra articular injection of steroid (4ml of 2% lidocaine and 
2 ml of 40 mg/ml triamcinolone).
2) Twenty patients were treated with ultrasound guided 
intra articular injection of hyaluronic acid (4 ml of 2% lido-
caine and 2 ml hyaluronic acid).
All patients subjected to clinical assessment, imaging and 
routine laboratory investigations. Pre and post interven-
tion assessment was done using both active and passive 

ranges, shoulder pain, disability index (SPADI) (12), visual 
analogue scale (VAS) (13), and range of movement (ROM) 
measurements by goniometer (14). 

Technique of steroid and hyaluronic acid intra 
articular injection
The patient was seated, with the ipsilateral hand on the contra-
lateral shoulder. The ultrasonic probe is positioned immediately 
caudal to the acromion, parallel to the scapular spine, above the 
infraspinatus tendon. The humeral head, labrum, infraspinatus 
tendon, and joint capsule are the most important features to 
recognize. The area was wrapped and aseptically prepped. The 
needle is inserted from lateral to medial via the infraspinatus 
muscle till the needle tip enters the junction of the humeral head 
cartilage and the lateral border of the posterior labrum. Follow-
ing an aspiration to confirm that the needle was not inserted into 
an artery or vein, solution formed of 4 ml of 2% lidocaine mixed 
with 2 ml of triamcinolone (in steroid group) or 2 ml hyaluronic 
acid (in HA group) was injected, followed by manipulation of the  
shoulder joint (15) (figure 1).

Technique of suprascapular nerve block
The skin was disinfected with alcohol. The transducer 
(Toshiba Xario200 with a linear 10–12 MHz probe) is insert-
ed along the scapular plane on the supraspinatus fossa. The 
transducer’s midway is set to line with the lateral one-third 
of the scapular spine. The suprascapular nerve runs down 
the bottom of the supraspinatus fossa. The suprascapular 
artery can be seen as a pulsing dot next to the nerve, with 
positive Doppler signals. An in-plane method is used to 
insert the needle from medial to lateral until the needle tip 
pierces the deep fascia of the supraspinatus muscle or the 
transverse suprascapular ligament. Following an aspiration 

Figure 1. Ultrasound guided intra-articular injection of low 
molecular weight hyauronic acid for a 55 years old man with 
adhesive capceullitis. 
HH: humeral head; G: glenoid.
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to check that the needle was not in the suprascapular artery 
or vein, a solution of 10 ml of 0.5 percent bupivacaine for 
nerve block was injected, followed by shoulder joint move-
ment (16). 

Statistical analysis
Comparison between the study groups had been done using 
Kruskal wills test and F test. P-value less than 0.05 was 
considered significant. All statistical calculations were done 
using computer programs SPSS (Statistical Package for the 
Social Science; SPSS Inc., Chicago, IL, USA) version 15 for 
Microsoft Windows.

RESULTS
A total of 80 patients with AC enrolled in this study. Age 
of studied patients ranged from 42 to 64 years. There was 
no significance between groups regarding age, sex, BMI, 
disease duration and side of affection (table I).
Intra articular shoulder injection with SSNB has high-
er significant VAS score at baseline and lower significan  
VAS score at 1st and 3rd week (p < 0.001). However, there 

Table I. Demographic and clinical data of studied groups.

Demographic
data

Intraarticular shoulder injection
Without (SSNB)

Intra articular shoulder injection
With (SSNB)

Kruskal
wills

P-value

                Steroid group 
                (n = 20)

             HA group 
             (n = 20)

           Steroid group 
           (n = 20)

              HA group 
              (n = 20)

Age (years)
Median (IQR)

51.50 
(42.0–60.0)

51.00 
(46.0–55.0)

55.00 
(50.0–64.0)

55.00 
(50.0–59.0)

 
8.57

0.127
NS

BMI (kg/m2)
Median (IQR)

27.00
(26.0–28.0)

26.90 
(26.0–31.6)

27.30 
(27.0–29.0)

25.30 
(24.0–28.4)

 
7.69

0.174
NS

Disease
duration  
(months)
Median (IQR)

5.0
(3.0–7.0)

5.50
(5.0–8.0)

5.0
(3.0–6.0)

6.00
(4.0–7.0)

10.45 0.063
NS

N % N % N % N % Chi
square

P-value

Sex Female 16 80 % 14 70 % 16 80 % 16 80 % 4.761 0.44
NSMale 4 20 % 6 30 % 4 20 % 4 20 %

DM No 8 40 % 10 50 % 6 30 % 8 40 % 2.175 0.744
NSYes 12 60 % 10 50 % 14 70 % 12 60 %

side of affection
(ROM&
Pain)

Right 10 50 % 14 70 % 14 70 % 8 40 % 7.67 0.175
NSLeft 10 50 % 6 30 % 12 60 % 12 60 %

Ns: no significant; S: significant; HS; highly significant; IQR: interquartile range; SSNB: suprascapular nerve block; HA: hyaluronic acid; N: number; BMI: 
body mass index;   DM: diabetes mellitus;    ROM: range of joint motion.

was no significance difference between groups regarding 
VAS at 6th week. There was significant difference between 
different period in all groups (p < 0.001) (table II).
There was no significance between groups considering 
disability score at 3rd week. In contrast, there was a high 
significance between them considering disability score 
at baseline, 1st, 6th week. There was significant differ-
ence between different period in all groups (p < 0.001) 
(table III).
There was no significance between groups considering 
active (abduction) at 6th week. In contrast, there was a high-
ly statistically significant difference between them consider-
ing active (abduction) at baseline, 1st, 3rd week. Also, there 
was high significance between groups considering passive 
(abduction) at baseline, 1st, 3rd, 6th week. There was signif-
icance between different period in all groups in active and 
passive abduction (p < 0.001) (table IV).
There was high significance between groups considering active 
flexion and external rotation at baseline, 1st, 3rd, 6th week. Also, 
there was high significance between groups considering passive 
flexion and external rotation at baseline, 1st, 3rd, 6th week. There 
was significance between different period in all groups in active 
and passive flexion and external rotation tables V, VI).
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Table II. Distribution of VAS score among studied groups.

VAS Intra articular shoulder injection 
Without (SSNB)

Intra articular shoulder injection 
with (SSNB)

Kruskal wills test P-value

Steroid group 
(n = 20)

HA group 
(n = 20)

Steroid group 
(n = 20)

HA group 
(n = 20)

Baseline 
Median (IQR)

9.70 
(9.50–9.80)

9.25 
(9.0–9.6)

9.80 
(9.7–9.90)

9.35 
(9.0–9.70)

 
26.84

< 0.001
HS

1st week 
Median (IQR)

5.40 
(5.0–6.15)

7.05 
(5.07–8.22)

4.55 
(4.0–5.00)

6.20 
(5.25–8.07)

33.721 < 0.001
HS

3rd week 
Median (IQR)

4.10
(3.0–6.52)

5.15 
(4.2–5.87)

3.50 
(3.00–4.42)

4.05 
(3.00–6.75)

24.12 < 0.001
HS

6th week
Median (IQR)

1.05 
(0.80 – 2.00)

2.50
(1.20 – 5.42)

1.00 
(0.8 – 1.9)

1.60 
(0.92– 5.62)

9.106 0.105
NS

Kruskal wills test 57.70 57.40 56.76 54.88

P-value < 0.001 < 0.001 < 0.001 < 0.001

Ns: no significant; S: significant; HS; highly significant; IQR: interquartile range; VAS: visual analogue scale; HA: hyaluronic acid; N: number; SSNB: 
suprascapular nerve block.

Table III. Distribution of disability score among studied groups.

Disability score Intra articular 
shoulder injection
Without (SSNB)

Intra articular shoulder injection
With (SSNB)

Kruskal wills P-value

Steroid group 
(n = 20)

HA group 
(n = 20)

Steroid group 
(n = 20)

HA group 
(n = 20)

Baseline 
Median (IQR)

77.31 
(76.3–80.3)

67.10
(64.5–70.5)

77.40 
(67.5–78.4)

69.75 
(65.4–71.3)

42.61 < 0.001
HS

1st weak 
Median (IQR)

45.75 
(43.52–51.65)

52.58 
(50.50–60.7)

40.60 
(38.50–40.6)

43.00 
(34.50–55)

38.49 < 0.001
HS

3rd weak 
Median (IQR)

31.00 
(22–42.79)

33.30 
(26.25–40.6)

28.50
(15.00–51.6)

30.50 
(20.5–40.5)

5.903 0.316
NS

6th weak
Median (IQR)

17.0 
(14.25–29.7)

18.5 
(14.25–23.3)

10.00 
(5–19)

15.50 
(10.5–19.7)

15.67 0.008
S

Kruskal wills 66.414 66.102 59.137 64.843

P-value < 0.001 <0.001 < 0.001 < 0.001
Ns: no significant; S: significant; HS; highly significant; IQR: interquartile range; HA: hyaluronic acid; N: number; SSNB: suprascapular nerve blo

Table IV. Distribution of Active and passive (Abduction) by geniometer among studied groups.

Intra articular shoulder injection
Without (SSNB)

Intra articular shoulder injection
With (SSNB)

Kruskal wills P-value

Steroid group 
(n = 20)

HA group 
(n = 20)

Steroid group 
(n = 20)

HA group 
(n = 20)

Active Abduction
Baseline
Median (IQR)

112.0 
(88.0–120)

98.00
(90.0–109.0)

132.0 
(120.0–134)

104.5 
(85.0–113)

30.72 < 0.001
HS

1st weak
Median (IQR)

150.00 
(125.0–169)

115.50 
(99–120)

154.50
(150–168)

130.00
(117–157.5)

53.65 < 0.001
HS
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Table V. Distribution of Active and passive (Flexion) by geniometer among studied groups.

Intra articular shoulder injection
Without (SSNB)

Intra articular shoulder injection
With (SSNB)

F-test P-value

Steroid group 
(n = 20)

HA group 
(n = 20)

Steroid group 
(n = 20)

HA group 
(n = 20)

Active Flexion
Baseline
Mean ± SD

137.9 ± 15.35 122.80 ± 14.6 146.2 ± 14.92 127.4 ± 24.57 8.241 < 0.001
HS

1st weak
Mean ± SD

145.9 ± 16.07 128.0 ± 13.61 150.9 ± 14.00 132.4 ± 23.03 8.890 < 0.001
HS

3rd weak
Mean ± SD

150.8 ± 16.56 134.1 ± 12.92 155.4 ± 13.91 137.7 ± 20.88 9.314 < 0.001
HS

6th weak
Mean ± SD

159 ± 16.72 139.9 ± 11.88 168.8 ± 12.23 161.2 ± 20.02 11.25 < 0.001
HS

P value < 0.001 0.005 0.180 0.010

Passive Flexion
Baseline
Mean ± SD

139.8 ± 15.11 126.9 ± 14.76 148.2 ± 14.94 131.8 ± 24.33 7.316 < 0.001
HS

1st weak
Mean ± SD

144.8 ± 15.87 131.8 ± 14.82 156 ± 12.93 136 ± 21.6 9.03 < 0.001
HS

3rd weak
Mean ± SD

149.7 ± 15.16 138.8 ± 15.66 158.8 ± 11.67 142.5 ± 19.59 10.25 < 0.001
HS

6th weak
Mean ± SD

154.2 ± 13.32 142.8 ± 13.49 161 ± 11.2 148.8 ± 14.44 13.03 < 0.001
HS

P-value < 0.001 < 0.001 < 0.001 < 0.001
Ns: no significant; S: significant; HS; highly significant; HA: hyaluronic acid; N: number; SSNB: suprascapular nerve blo

Intra articular shoulder injection
Without (SSNB)

Intra articular shoulder injection
With (SSNB)

Kruskal wills P-value

Steroid group 
(n = 20)

HA group 
(n = 20)

Steroid group 
(n = 20)

HA group 
(n = 20)

3rd weak
Median (IQR)

140.00 
(112–180)

135.00 
(105–162)

160.00 
(122–182)

140.00
(106–179)

13.36 0.020
S

6th weak
Median (IQR)

160.00 
(140–179.7)

155.00 
(131.5–170)

171.50 
(156.2–170)

165.50
(139.7–170)

10.69 0.058
NS

P-value < 0.001 < 0.001 0.005 < 0.001

Passive Abduction
Baseline
Mean ± SD

110.6± 16.94 104.4 ± 17.86 131.6 ± 21.84 104.5 ± 9.02 13.54 < 0.001
HS

1st weak
Mean ± SD

135.8 ± 16.5 130.6 ± 15.29 138.8 ± 17.76 135.7 ± 16.42 12.68 < 0.001
HS

3rd weak
Mean ± SD

139 ± 15.44 137.4 ± 12.34 155.6 ± 13.4 142.3 ± 15.9 14.52 < 0.001
HS

6th weak
Mean ± SD

150.1±11.39 148 ± 15.76 160.7 ± 11.15 155.9 ± 12.54 131.03 < 0.001
HS

P-value < 0.001 < 0.001 < 0.001 < 0.001
Ns: no significant; S: significant; HS; highly significant; IQR: interquartile range; HA: hyaluronic acid; N: number; SSNB: suprascapular nerve blo
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DISCUSSION
The current work aimed to compare the effectiveness of 
Ultrasonographic guided intra articular steroid versus hyal-
uronic acid injection in adhesive capsulitis with and without 
suprascapular nerve block in enhancing pain loss, improve-
ment of function and disability. We found that there was no 
significant difference between groups as regards Age (years) 
and BMI (kg/m2). In agreement with our results, Hsieh et al. 
(17) showed that there was no significance between groups 
as regards age, weight and height. 
Our results showed that there was no significance between 
groups considering DM, side of affection, disease duration 
(years). In agreement with our results, Ranalletta et al. (6) 
reported that there was no significance between groups 
considering duration of symptoms, diabetes and shoulder 
dominance.
As regards DM our study included 60% diabetic patients. 
This high incidence of adhesive capsuilitis of shoulder in 
diabetis mellitus was coincide with (Zreik et al. (3)).
Our results considering VAS revealed that There was no 
significance between groups considering VAS at 6th week. In 

contrast, there was a high significance between them consid-
ering VAS at baseline, 1st, 3rd week. D’Orsi et al. (1) demon-
strated that intra articular intra-articular steroid injections 
provide better results than oral steroid treatment with lower 
risk of side effects. Intra-articular injections may be more 
efficacious in the early stages of disease when the inflamm -
tory processes are predominant and there is not a significant
capsular contracture.
Our results considering VAS revealed that There was no 
significance between groups considering VAS at 6th week. In 
contrast, there was a high significance between them consid-
ering VAS at baseline, 1st, 3rd week. Dogru et al. (18) demon-
strated that VAS score was measured prior to therapy, after 
the tenth session, and three months afterwards. During 
repeated pain assessments,  significant improvements were 
seen in both groups (p < 0.001). However, there was no 
significance between groups
Ranalletta et al. (6) showed that mean baseline VAS score 
in the two groups  was comparable (intervention/control: 
7.5/7.6; p = 0.783). At all time periods, independent of 
treatment group, there was a significant improvement in 

Table VI. Distribution of Active and passive (External rotation) among studied groups.

Intra articular shoulder injection
Without (SSNB)

Intra articular shoulder injection
With (SSNB)

F-test P-value

Steroid group 
(n = 20)

HA group 
(n = 20)

Steroid group 
(n = 20)

HA group 
(n = 20)

Active External rotation
Baseline
Mean ± SD

43.50
(30.0–48.0)

37.00
(28.0–39.0)

45.00
(43.0–50)

34.50 
(34.0–44)

27.41 < 0.001
HS

1st weak
Mean ± SD

45.50 
(35–50)

41.50
(39–43)

50.00
(48–55)

45.00
(35–50)

36..657 < 0.001
HS

3rd weak
Mean ± SD

55.00 
(45–55)

50.00 
(40–55)

60.00
(50–67)

55.00 
(50–60)

45.98 < 0.001
HS

6th weak
Mean ± SD

60.00 
(60.0–67.0)

57.00 
(50.0–67.0)

85.50 
(70.0–95.0)

75.00 
(67.0–83.0)

78.122 < 0.001
HS

P-value < 0.001 0.005 0.180 0.010

Passive External rotation
Baseline
Mean ± SD

43.5 ± 10.72 37.2 ± 8.06 45.9 ± 8.29 42.6 ± 8.82 8.47 < 0.001
HS

1st weak
Mean ± SD

48.7 ± 10.28 41.9 ± 6.69 50.8 ± 7.77 47.3 ± 8.57 11.54 < 0.001
HS

3rd weak
Mean ± SD

53.5 ± 6.68 50.6 ± 7.08 54.1 ± 9.83 52.1 ± 9.31 10.65 < 0.001
HS

6th weak
Mean ± SD

58.3 ± 10.36 55 ± 6.32 79.05 ± 9.57 62.1 ± 6.56 14.25 < 0.001
HS

P-value < 0.001 < 0.001 < 0.001 < 0.001
Ns: no significant; S: significant; HS; highly significant; HA: hyaluronic acid; N: number; SSNB: suprascapular nerve blo
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pain. The average VAS score in both groups had fallen by 
around 6.5 points at the conclusion of the follow-up peri-
od as compared to the baseline value. Pain alleviation, on 
the other hand, was substantially faster following a corti-
costeroid injection than after oral NSAIDs. This differ-
ence was most noticeable at the start of the research and 
continued for up to 8 weeks (p = 0.001). Pain improved 
dramatically in the control group between follow-up weeks 
8 and 12, resulting in a nonsignificant intergroup difference 
at 12 weeks.
In our study we found that that there was no significance
between groups considering active abduction at 6th week. In 
contrast, there was a highly statistically significant difference 
between them considering active abduction at baseline, 1st, 
3rd week. We also found that there was high significance
between groups considering passive abduction at baseline, 
1st, 3rd, 6th week.
The study of Dogru et al. (18) stated that shoulder ROM 
was measured before therapy, after the tenth session after 
treatment, and at the three-month in controls. There was a 
significance among groups considering pretreatment values 
of passive abduction (p = 0.03). After assessing the repeated 
abduction measures, significant enhancements were seen in 
both groups (p = 0.0001).
The study of D’Orsi et al. (1) demonstrated that the use of 
corticosteroids in the treatment of AC led to fast pain relief 
and improved ROM. Three high quality RCT compared 
steroid injections with placebo, supervised physiotherapy 
and intra-articular sodium hyaluronate injection. All trials 
showed significant benefit of intra-articular injections on pain 
and shoulder disability at short term follow-up. No differ-
ences were found beyond 3 months between treatments.
Our findings considering active flexion revealed that there 
was high significance between groups as regards active fle -
ion at Baseline, 1st week, 3rd week, 6th week. Also, considering 
passive flexion, there was high significance between groups 
at baseline, 1st, 3rd, 6th week. Considering active external rota-
tion revealed that there was high significance between groups 
considering active external rotation at Baseline, 1st week, 3rd 
week, 6th week. Also, there was high significance between 
groups considering passive external rotation at baseline, 1st, 
3rd, 6th week.
Hsieh et al. (17) illustrated that active and passive ROM 
enhanced with prolongation of treatment period consider-

ing flexion, external rotation, and internal rotation with no 
significance between groups
Treatment of adhesive capsulitis includes also physiothera-
py programs especially end-range mobilization techniques 
and therapeutic exercise (19).
This study has some limitations. First the small sample size. 
Second the inability to do the study in double blind tech-
nique. Third, the short-term follow-up. However, because 
many other researches on the subject use a comparable time 
range, we feel that three months of follow-up is sufficient to 
determine short-term therapy benefits.
Lastly, it would be better to perform Constant-Murley scale 
and quality of life questionnaire. So, more future studies on 
these scales are recommended to support our results.

CONCLUSIONS
This study provides evidence that both intra-articular 
steroid injection and hyaluronic acid are safe, effective and 
well tolerated treatment for patients with frozen shoulder. 
The addition of SSNB adds more benefit for both methods 
of injection.
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SUMMARY
Background. Work-related musculoskeletal disorders (WRMSDs) have become an 
increasing cause of concern among sonologists. In this study, we evaluate the incidence 
and risk factors for WRMSDs among sonologists in the pre-COVID-19 and present 
COVID-19 era while identifying high-risk zones for WRMSDs and providing a brief 
review of optimal working conditions to avoid WRMSDs.
Methods. A “Google form” questionnaire with close-ended questions regarding 
musculoskeletal discomfort was sent to 350 radiologists during the period of Febru-
ary-March 2021. Data was collected by time-based sampling over a period of 15 days. 
Statistical analysis was performed using SPSS version 26. 
Results. 77% (n = 100) of the respondents reported suffering from musculoskel-
etal discomfort, and 70% (n = 100) attributed such discomfort to their profession 
as a sonologist (p ≤ 0.001). Among sonologists who attributed their musculoskele-
tal discomfort to their profession, shoulder pain (p ≤ 0.001), neck pain (p = 0.001), 
lower back pain (p = 0.001), and wrist pain (p = 0.017) were the most common symp-
toms. When musculoskeletal discomfort was attributed to the profession, a statistically 
significant association was found with stress level during the COVID-19 pandemic (p 
≤ 0.001) and musculoskeletal discomfort attributed to using extra barrier precautions 
such as transparent screens during ultrasound (US) scans (p = 0.009). 
Conclusions. Adapting to new safety and ergonomics is the need of the hour. A regular 
review of the work practices adopted by sonologists, especially in the current context 
of COVID-19, enforced protective strategies may greatly help in risk identification and 
minimizing the precipitation of WRMSDs. 

KEY WORDS
COVID-19; ergonomics; musculoskeletal; ultrasound; work-related musculoskeletal 
disorder; WRMSD.
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INTRODUCTION
Regardless of which department a patient is admitted to, 
majority of the times they invariably become a patient of 
Radiology too. Thus, it comes as no surprise that radiology 
receives a tremendous amount of workload, contrary to the 
popular belief that it is a less demanding field. Due to remark-
able and exponential growth in the field of ultrasonography, 
ultrasound (US) has become the diagnostic tool of choice for 
a vast spectrum of medical conditions. Due to this, sonologists 
in the modern era are placed under an increased amount of 
workload attending to many more patients per day. This has 
become a boon for many radiologists and radiology residents. 
Unfortunately, due to the increased amount of time spent 
scanning a higher number of patients with little time spent 
in between patients has led to a significantly reduced amount 
of time for repair of damaged muscle fibers (1). Research 
has suggested that around 90% of sonologists perform scans 
while in pain (2, 3). This has led to Work-Related Musculo-
skeletal Disorders (WRMSD) becoming an increasing cause 
of concern among sonologists. Poor workplace ergonomics is 
an obvious factor to consider when talking about the etiolo-
gy of WRMSDs, however, the development of WRMSDs is 
multifactorial with various other factors playing a role such 
as poor/static posture, transducer gripping pressure and use 
of force, repetitive motions, increasing workload, psycholog-
ical and psychosocial factors (1-5). A rather new physical and 
psychosocial stress factor among sonologists is the recent and 
infamous worldwide COVID-19 pandemic. The work envi-
ronment of sonologists in the era of COVID-19 has been 
affected greatly due to a concerning disability to minimize 
patient contact, as performing an US scan certainly requires 
contact with the patient and surrounding environment, 
with little or no scope for tele or video consultation that has 
become widely available to other medical branches. 
In this study, we aim to evaluate the incidence and risk factors 
for WRMSDs among sonologists while identifying high-risk 
zones for WRMSDs and providing a brief review of optimal 
working conditions to best avoid WRMSDs. We also aim 
to evaluate changes that have emerged in the field of US in 
the present COVID-19 era and whether such changes have 
impacted the incidence of WRMSDs. This study was conduct-
ed to address the often-overlooked concept of WRMSDs in 
sonologists, especially in the high-octane era of the COVID-19 
pandemic where clinical sonologists are swamped with work. 

METHODS
This descriptive cross-sectional study was conducted using a 
35-item structured proforma (questionnaire) that was built 
on “Google Forms” based on the review of literature and 

inputs from experts in clinical radiology, physiotherapy, anat-
omy, and medical education. The Google forms question-
naire was pilot tested by an independent council and modifie  
accordingly, as needed. The 35-item questionnaire contained 
closed-ended questions and a feedback column. After obtain-
ing approval from the Institutional Ethics Committee, Kasturba 
Medical College, Mangalore (Ethics approval no. – IECKMC-
MLR-11/2020/350 - Date of approval: 26/11/2020), the ques-
tionnaire was sent to study participants via social media, special-
ty groups, personal contacts, or email. The study participants 
included consultant radiologists, residents, and post-graduates 
working in clinics, diagnostic centers, and hospitals involved in 
performing US examinations, reporting cross-sectional imag-
ing, and performing vascular and/or non-vascular interven-
tions. Participants were provided information regarding the 
study and its objectives, and informed consent was obtained 
before they proceeded to answer the questionnaire. Partici-
pants were given the option to refuse participation or leave the 
survey at any time by exiting the form. Snowballing was seen in 
our survey as some research participants circulated the survey 
amongst their colleagues and recruited other participants to 
take part in our questionnaire. Non-responders were remind-
ed once again to participate in our survey by contacting them 
via email or other specialty groups. The gap duration between 
the first and the second reminder email was 15 days. Data was 
collected by time-based sampling over the period of Febru-
ary-March 2021. Statistical analysis of the data was performed 
using SPSS version 26 (IBM Corp. Released 2019. IBM SPSS 
Statistics for Windows, Version 26.0. Armonk, NY: IBM Corp).

RESULTS
Over the period of February-March 2021, a total of 350 
Radiologists were requested via email, text message, and 
specialty groups to participate in our 35-item questionnaire, 
of which 100 completed the full survey (response rate of 
28.6%). The survey was broadly divided into five sections 
including demography, ergonomic and musculoskeletal 
assessment, intervention/treatment obtained, physical activ-
ity profile, and COVID-19 related stress. The data from the 
survey was entered into SPSS version 26 and Excel spread-
sheets designed for the purpose of the study. Categorical 
variables were summarized using frequencies and percent-
ages, and subgroups were compared using the chi-square 
test for categorical variables. A P-value of less than 0.05 was 
considered to be statistically significant

Demography
The majority of responding sonologists were aged between 
the third and fourth decades (62%, n = 100). Among the 
respondents, 66% were males and 34% were females (n = 
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100). The male to female ratio was 1.9:1. The majority of 
respondents (70%, n = 100) reported working six days a 
week, and 55% (n = 100) respondents reported performing 

more than 15 US scans per day. Table I shows the details 
regarding demographic characteristics (physical attributes 
and work-related) of the responding sonologists. 

Table I. Demographic characteristics of the responding sonologists.

Attribute Distribution Number of 
respondents (n = 100)

Percentage (%)

Age (years) 20 – 29 22 22%

30 – 39 30 30%

40 – 49 32 32%

50 – 59 12 12%

60 and above 4 4%

Gender Male 66 66%

Female 34 34%

Height (cm) 140 – 149 2 2%

150 - 159 16 16%

160 – 169 36 36%

170 – 179 37 37%

180 and above 9 9%

Weight (kg) 50 – 59 15 15%

60 – 69 32 32%

70 – 79 19 19%

80 – 89 22 22%

90 – 99 10 10%

100 and above 2 2%

Limb dominance Right 90 90%

Left 10 10%

Work experience (years) 1 to 5 30 30%

6 to 10 12 12%

11 to 15 23 23%

16 to 20 19 19%

More than 20 16 16%

Number of work hours per day 5 to 8 50 50%

9 to 12 45 45%

More than 12 5 5%

Number of workdays in a week 4 2 2%

5 10 10%

6 70 70%

7 18 18%

Number of ultrasound scans 
performed in a day

1 to 5 12 12%

6 to 10 15 15%

11 to 15 18 18%

More than 15 55 55%
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Ergonomic assessment and musculoskeletal 
injury profile
77% (n = 100) respondents reported suffering from musculo-
skeletal discomfort, out of which 70% (n = 100) believed the 
cause of their musculoskeletal discomfort to be their profession. 
Considerable discomfort was reported by 42% (n = 100) of the 
respondents while “looking at the US screen”, by 35% (n = 
100) while “squeezing the gel bottle”, by 61% (n = 100) when 
“maneuvering the shoulder while scanning”, and by 55% (n = 
100) while “extending towards the left side of the patient”. 
Upon inquiry of any previously diagnosed musculoskeletal 
ailments, respondents reported various conditions includ-
ing carpal tunnel syndrome (CTS), chronic neck/shoulder/
back pain, fibro-myositis, L5/S1 disc bulge, lumbosacral 
strain, repetitive stress injury, shoulder ligament swelling, 
and DeQuervain tenosynovitis.
Respondents were asked to describe and localize their muscu-
loskeletal discomfort/symptom (if present) to the specifi  
region in which they are felt. It was observed that the major-
ity of respondents reported pain in the shoulder (57%, n = 
77), neck (49%, n = 77), lower back (49%, n = 77), and wrist 
(34%, n = 77). Stiffness was reported by participants in the 
shoulder (32%, n = 77), neck (31%, n = 77), and lower back 
(23%, n = 77). Figure 1 shows a bar diagram representing the 
frequency of musculoskeletal symptoms according to region 
and character amongst the responding sonologists. Table II 
shows further details regarding characteristics of reported 
musculoskeletal symptoms amongst the respondents. 
24% (n = 88) reported taking leaves due to their musculoskel-
etal discomfort and 87% (n = 86) reported that their symptom 
decreases with taking rest or absence from work. 81% (n = 
88) of the respondents reported continuing to work even when 

they experience symptoms and only 33% (n = 88) reported 
taking frequent breaks in between performing repetitive exam-
inations. Furthermore, only 58% (n = 88) of the participants 
believed to have adequate and proper knowledge regarding 
safe and efficient workplace ergonomics and practices

Table II. Musculoskeletal discomfort characteristics among responding sonologists.

Attribute Distribution Number of respondents Percentage (%)
Which side of the body do you experience 
discomfort in? (n = 83)

Right 38 46%

Left 9 11%

Both 36 43%

What is the character of your symptom? (n = 88) Constant 12 14%

Intermittent 76 86%

For how long have you experienced these 
symptoms? (n = 87)

Days 10 11%

Weeks 11 13%

Months 32 37%

Years 34 39%

When are your symptoms most 
pronounced? (n = 87)

Morning 4 5%

Night 7 8%

During work hours 44 51%

After work hours 32 37%

Figure 1. Distribution of region and character of musculoskel-
etal symptoms among responding sonologists (n = 77).
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Intervention/treatment obtained
Only 32% and 27% (n = 92) of the respondents report-
ed taking medical treatment and physiotherapy for their 
musculoskeletal discomfort, respectively. However, 90% 
(n = 92) of the participants believed that a physiotherapist 
could help them with their discomfort.

Physical activity profile
Of all the respondents (n = 100), 67% reported partaking 
in some sort of physical activity daily. Out of these respon-
dents, 84% (n = 64) reported participating in aerobic 
exercise, whereas 16% (n = 64) reported participating in 
weight training. Majority of the respondents who report-
ed participating in physical activity reported less than one 
hour of physical activity daily (71%, n = 76), followed by 
one to two hours (28%, n = 76), and two to three hours 
(1%, n = 76). 

Impact of COVID-19 on sonologists’ physical and 
mental stress
40% of the respondents (n = 100) reported that their 
work hours have not been altered significantly due to 
the COVID-19 pandemic, 31% (n = 100) reported an 
increase in work hours, and 29% (n = 100) reported a 
decrease in work hours. 40% (n = 100) of the respon-
dents believed that their workload has been increased 
during the COVID-19 pandemic. 34% (n = 100) of the 
respondents reported reducing their work due to the fear 
of COVID-19. 82% (n = 100) of the respondents believed 
that placing a transparent screen at the patient’s head end 
will reduce the transmission of the virus, and 90% (n = 
100) of the respondents believed that such extra barri-
er precautions make performing an US scan more diffi-
cult, potentially contributing to increasing the risk of 
WRMSDs. Only 51% (n = 100) of respondents report-
ed on using extra barrier precautions in their sonography 
practice such as transparent curtains between the patient 
and the sonologist. A total of 32% (n = 100) of the respon-
dents attributed their musculoskeletal discomfort/symp-
toms to using such extra barrier precautions in their prac-
tice. 26% (n = 100) of the respondents also believed that 
adequate measures have not been taken to provide opti-
mal protection to sonologists against possible COVID-
19 transmission. 42% and 20% (n = 100) of respondents 
reported feeling moderately stressed and severely stressed 
during the pandemic, respectively. 

Statistical analysis
The chi-square test was used to identify any statistical 
significance between various categorical variables and 
whether the responding sonologists attributed their muscu-

loskeletal discomfort to their profession. No statistical-
ly significant difference was found between demographic 
characteristics (physical attributes and work-related) and 
attribution of musculoskeletal discomfort to respondents’ 
profession as a sonologist. The association between the 
presence of musculoskeletal discomfort and attribution of 
such discomfort to respondents’ profession as a sonologist 
was found to be highly significant (p ≤ 0.001). The associa-
tion between an increase in workload during the COVID-
19 pandemic and attribution of musculoskeletal discom-
fort to profession as a sonologist was statistically significan  
(p = 0.026). Similarly, the association between using extra 
barrier precautions (e.g., transparent curtain between the 
sonologist and patient) in US practice and the attribution 
of musculoskeletal discomfort to profession as a sonolo-
gist was statistically significant (p = 0.009). A highly signif-
icant association (p ≤ 0.001) was found between the stress 
level of sonologists during the COVID-19 pandemic and 
the presence of musculoskeletal discomfort attributed to 
respondents’ profession as a sonologist. Table III shows 
further details regarding the statistical analysis of respons-
es to our survey questions. A statistically significant asso-
ciation was found between attribution of musculoskeletal 
discomfort to profession as a sonologist and the presence 
of neck pain (p = 0.001), neck stiffness (p = 0.008), shoul-
der pain (p ≤ 0.001), wrist pain (p = 0.017), and lower back 
pain (p = 0.001). Table IV shows further details pertain-
ing to the statistical analysis of the localization of musculo-
skeletal discomfort according to the anatomical region and 
character of discomfort. 

DISCUSSION
A noteworthy finding of our survey was that majority of 
the respondents reported having musculoskeletal symp-
toms that they attributed to their profession. This observed 
pattern of musculoskeletal injury pertinent to sonologists is 
in accordance with various other studies conducted on simi-
lar subjects (3, 4, 6-8).
There are various factors that contribute to the develop-
ment of WRMSDs among sonologists (2, 9-14). Several 
studies and reviews have reported upon the optimal work-
ing conditions for sonologists in terms of ideal ergonomics, 
posture, transducer grip and pressure, repetitive motion/
examinations, and irregular break periods in between 
conducting US scans (1, 4, 5, 9, 11-13). The most frequent-
ly identified regions of WRMSDs have been reported to be 
in the upper body including shoulders, neck, lower back, 
and wrists (2, 5, 9-11). The results from our survey showed 
similar findings, wherein, shoulder was the most common-
ly reported site of musculoskeletal discomfort (54%, n = 
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Table IV. Statistical analysis of localization of musculoskeletal discomfort by respondents.

Anatomical Region Character of symptom Musculoskeletal discomfort attributed to profession as 
a sonologist? (n = 70)

P-value

Yes No
Neck Pain 34 4 0.001*

Stiffness 22 2 0.008*

Burning sensation 1 0 0.511

Tightness 2 0 0.350

Table III. Statistical analysis of responses to survey questions.

Survey question Response Musculoskeletal discomfort 
attributed to profession as a 
sonologist?

P-value

Yes No
Do you suffer from musculoskeletal 
discomfort? (n = 100)

Yes 67 10 < 0.001*

No 3 20

For how long have you suffered from 
musculoskeletal discomfort? (n = 87)

Days 9 1 0.046*

Weeks 6 5

Months 29 3

Years 25 9

When is your musculoskeletal discomfort most 
pronounced? (n = 87)

Morning 0 4 < 0.001*

Night 3 4

During work hours 41 3

After work hours 25 7

Have you taken leaves of absence from work due to 
your musculoskeletal discomfort? (n = 88)

Yes 24 0 0.001*

No 42 22

Does your musculoskeletal discomfort decrease with 
rest of absence from work? (n = 86)

Yes 61 14 0.009*

No 5 6

Do you continue to work with musculoskeletal 
discomfort? (n = 88)

Yes 52 19 0.193

No 15 2

Do you take frequent breaks while 
working? (n = 100)

Yes 24 5 0.183

No 41 18

Has your workload increased during the COVID-19 
pandemic? (n = 100)

Yes 23 17 0.026*

No 47 13

Have you reduced work due to the fear of COVID-
19? (n = 100)

Yes 29 5 0.017*

No 41 25

Musculoskeletal discomfort attributed to using extra 
barrier precautions (transparent screens) during 
ultrasound scans? (n = 88)

Yes 28 4 0.009*

No 42 26

How often do you feel stressed during the COVID-
19 pandemic? (n = 100)

Never 4 1 < 0.001*

Sometimes 1 10

Often 16 6

Very often 34 8

Always 15 5
*Statistically significant association
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100), followed by neck (52%, n = 100), lower back (48%, 
n = 100), and wrist (28%, n = 100). Figure 2 shows the 
anatomical distribution and high-risk zones of musculoskel-
etal discomfort among responding sonologists in our study. 
Based on the results of our questionnaire and literature review, 
a quick review of current concepts on best practices and 
further suggestions to avoid WRMSDs is presented below. 

Ergonomics and posture
For sonologists, ergonomics involves the assessment of 
work-related practices and positions that are adopted 
while performing an US scan and determining various ways 
in which injuries can be reduced and prevented for each 
type of examination (9). Evidence has suggested that most 
departments have adjustable chairs and patient couches (2). 

Anatomical Region Character of symptom Musculoskeletal discomfort attributed to profession as 
a sonologist? (n = 70)

P-value

Yes No
Shoulder Pain 39 5 < 0.001*

Weakness 1 0 0.511

Swelling 1 0 0.511

Stiffness 21 4 0.078

Tightness 1 0 0.511

Arm Pain 7 1 0.260

Stiffness 2 1 0.898

Elbow Pain 8 1 0.195

Stiffness 3 1 0.824

Forearm Pain 10 2 0.283

Swelling 1 0 0.511

Stiffness 4 0 0.181

Wrist Pain 23 3 0.017*

Stiffness 4 1 0.617

Upper Back Pain 9 2 0.365

Stiffness 2 0 0.350

Lower Back Pain 34 4 0.001*

Stiffness 16 2 0.053

Tightness 2 0 0.350

Hips Pain 4 0 0.181

Stiffness 1 0 0.511

Thighs Pain 1 0 0.511

Stiffness 1 0 0.511

Knee Pain 5 2 0.932

Stiffness 1 1 0.533

Legs Pain 2 0 0.350

Swelling 1 0 0.511

Stiffness 1 0 0.511

Ankle/Foot Pain 3 1 0.824

Stiffness 1 0 0.511
*Statistically significant association
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As a sonologist, it is essential that a brief period is given 
to optimizing the position of the equipment and patient 
at the beginning of the scan to ensure that a good posture 
can be maintained throughout the examination. When such 
maneuverable and adjustable equipment is not available to 
the sonologist, it is the employer’s responsibility to provide 
a safe and efficient work environment for the sonographe . 
Like previously reported evidence (3, 4, 7), our study also 
reported the shoulder being one of the most common sites 
of injury/discomfort amongst sonographers. US scanning 
requires abduction of the arm, and it has been reported that 
blood flow to the shoulder reduces when the arm is abducted, 
raising the potential for subsequent injury (5, 10). To reduce 
the stress on shoulders while performing an US scan, the arm 
should be abducted at an angle that is less than 30°, the patient 
should be positioned as close as possible to the sonologist as 
possible, the US machine and controls should be placed near 
the sonographer to reduce strain on the non-scanning arm, 
and the forearm should be horizontal to the floor (applies to 
both the scanning and non-scanning arm) in order to main-
tain a neutral position of the shoulder (1, 9, 11).
The results of our survey also observed the neck to be a very 
common site of discomfort or injury among sonologists. 
Evans et al. (2) reported 65.8% of sonologists who suffered 

Figure 2. Anatomical distribution and high-risk zones of 
musculoskeletal discomfort among responding sonologists.

from neck discomfort. To reduce the stress placed on the 
neck, it is recommended that the US monitor be adjustable 
and placed at a level that ensures no neck extension. Slight 
flexion of the neck at 15-20° is recommended for optimal 
positioning. Additionally, when performing obstetric US 
scans, it is a common practice for sonographers to stretch 
their neck while sharing the monitor with the parents. This 
should be avoided, and the machine should be placed such 
that it is directly facing the sonographer performing the 
scan. The use of a ‘slave monitor’ is recommended to allow 
the parents to look at the scan without the need for improp-
er neck posture on the sonologist (9, 11). 
Lower back was the third most common site of discomfort 
reported by respondents in our study. Back pain amongst 
sonologists has been associated with excessive twisting of 
the body (5, 9). To avoid such excessive twisting, the patient 
should be kept as close as possible to the sonographer, the 
US machine should be kept parallel to the couch, and the 
couch height should be adjusted to achieve optimal posi-
tioning (1, 9, 11). 

Transducer grip and pressure
Wrist was the fourth most reported site of discomfort 
among sonologists in our survey. Improper transducer 
grip and pressure is an important factor that often leads 
to hand and wrist symptoms in sonologists. Nerve entrap-
ment syndromes such as CTS are a common occurrence 
among sonologists (4). CTS is usually a result of activities 
that involve flexion and extension of the hand leading to 
increased pressure on the median nerve in the wrist (4). In 
US practice, excessive wrist flexion and extension are asso-
ciated with gripping and manipulation of the transducer. A 
variety of improper transducer grips and observed such as 
the pinching grip or grips where fingers are tucked behind 
the transducer (9, 12). The most appropriate and optimal 
transducer grip is referred to as a power grip or a palmar 
grip in which all fingers and palm of the hand are used to 
manipulate the transducer. In the study conducted by Evans 
et al. (2), one of the factors that contributed to the aggrava-
tion of WRMSDs in sonographers was the transducer pres-
sure. To achieve an optimal transducer grip and pressure, 
the transducer should be gripped lightly with little to no 
pressure being applied by the transducer (1, 4, 9, 11). 

Repetitive motions and regular break periods
Repetitive motions leading to micro-trauma are one of 
the more common culprits when it comes to WRMSDs in 
sonologists (9). Repetitive motions are generally the result 
of sonologists performing the same type of examination 
repeatedly throughout the day. This is especially common 
in sonographers who perform obstetric scans, cardiac scans, 
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and ergonomically challenging scans such as portable scans, 
transvaginal scans, venous reflux scans, etc. (4, 9, 11, 13). 
Thus, it is an especially important administrative duty to 
lay out the work agenda for sonologists such that there are 
a variety of examinations throughout the day rather than 
repeated one single type of examination. This will lead to 
having variation in movement and reduce the risk of injury 
through repetitive motions. 
Equally important are rest/break periods assigned to sonol-
ogists. In our study, 87% of the respondents reported that 
their musculoskeletal discomfort decreases with rest from 
work. However, only 33% reported taking frequent breaks 
in between work and 81% reported continuing to work even 
when they experienced musculoskeletal discomfort. Enough 
time should be provided to sonologists for breaks in between 
US scans to allow for adequate muscle and tendon recovery. 
It is also important to use breaks as a time to engage in light 
activity such as walking or stretching to increase the blood 
flow and reduce the potential for injury (4, 9)  

Increasing workload and psychosocial stress 
during the COVID-19 pandemic 
Work or personal-related stress and psychosocial factors are 
often overlooked but are a strong contributor to the devel-
opment of WRMSDs (4, 5, 9, 14). In a meta-analysis by Fara-
gher et al. (15), it was observed that poor job satisfaction 
was strongly associated with burnout. Burnout can lead to 
mental and/or physical exhaustion, subsequently resulting in 
poor performance and illness (9). In the present era, arguably 
the strongest factor contributing to significantly increased 
psychosocial stress amongst physicians is the COVID-19 
pandemic. Sonologists are particularly at risk due to the 
patient-physician contact required to perform an US scan. 
There is no scope for telemedicine or video consultations 
that have increasingly become popular among other medi-
cal branches (16). US examinations are frequently utilized 
in the diagnosis of COVID-19 related comorbidities (17). 
Additionally, US is often used for several bedside interven-
tions such as fluid drainage and vascular access (17). 31% of 
the sonologists in our survey reported an increase in work 
hours during the COVID-19 pandemic. Furthermore, 62% 
of the sonologists reported feeling stressed either very often 
or always due to the pandemic. In the following section, we 
have presented our recommendations on minimizing patient 
contact in sonographers while maintaining the best possible 
ergonomic environment to reduce the psychosocial stress 
factor and the incidence of WRMSDs. 
To minimize patient contact, US examinations should be 
triaged (18). This includes considerations regarding the neces-
sity of the scan for a patient. For example, considering wheth-
er the US scan or guided intervention is essential in provid-

ing a diagnosis or management for the patient (17-20). US 
scans that would not affect patient management may not be 
immediately warranted (19). Application of such protocols 
can potentially reduce the level of psychosocial stress faced by 
sonologists by reducing patient contact to when it is necessary. 
Majority of the sonologists in our survey believed that using 
extra barrier precautions such as placing a transparent screen 
between the patient and the sonologist can significan -
ly reduce the risk of possible virus transmission. However, 
they also believed that using such extra barrier precautions 
make performing an US scan more difficult and some even 
attributed their musculoskeletal discomfort to using extra 
barrier precautions. Placing a transparent cover or sheet 
from head to toe of the patient adds another layer of difficu -
ty in performing the US scan. However, since COVID-19 is 
believed to be transmitted mainly through droplets and possi-
bly aerosols suspended in the air (20, 21), covering the head 
end of the patient with a transparent sheet would suffice. In 
their letter to the editor, Singh et al. (21) described an aero-
sol containment device mainly for use in the anesthesiology 
department for containment of COVID-19 transmission. 
This simple device consists of two crossbars that are held in 
place by two rods passing through small metal tubes fixe  
at the base of crossbars (21). This allows for the crossbars 
to be adjustable and move up and down the rods as needed 
for access. A transparent plastic cover is placed and stretched 
over the crossbars and can be tucked under the mattress to 
be secured. This device covers the patient’s head end and may 
be extended up to the lower part of the chest (21). A simi-
lar device may be used in the setting of US scans allowing 
the sonologist to efficiently complete a scan while maintain-
ing proper posture and simultaneously reducing the risk of 
transmission from the patient. Figure 3 shows our illustration 
describing the above-said device. Sonologists should also use 

Figure 3. Illustration of the device that may be used to cover 
head end of the patient during an ultrasound scan.
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appropriate PPE as warranted to reduce their potential risk 
of COVID-19 transmission (19, 20). Musculoskeletal symp-
toms are a constant presence in patients with COVID-19 
from the onset of disease to the most severe stages (22). We 
evaluated the psychosocial stress associated with the COVID-
19 pandemic and its effect on WRMSDs among sonologists. 

Role of physiotherapy in WRMSDs
Occupational health physiotherapy is a recognized subspe-
cialty of physiotherapy, the role of which can be primarily 
categorized into two: 1) health promotion in the workplace, 
through identification and elimination of physiological, 
biomechanical, and psychosocial risk factors that cause, 
precipitate, or aggravate WRMSDs, and 2) to enable an 
injured worker to be reintegrated into the active workforce 
safely and efficiently (23, 24).
Although in our survey, of all the respondents that report-
ed experiencing musculoskeletal discomfort owing to their 
profession, only 32% and 26% reported taking medi-
cal treatment and physiotherapy respectively, 90% of the 
respondents believed that a physiotherapist could help them 
with their musculoskeletal discomfort. Recent recommenda-
tions for eliminating the risk of WRMSDs in sonographers 
emphasizes on maintenance of overall physical health, adapt-
ing and reviewing safe work practice, using ergonomic tools, 
and exercises directed towards specific regions (23, 25). A 
well-trained physiotherapist possesses the necessary skillsets 
to implement these recommendations as they fall under the 
professional boundaries of physiotherapy practice (23). 

Limitations
This study had two primary limitations. Firstly, the relative-
ly small sample of radiologists that responded to our survey, 
and secondly, post-correction analysis was not performed. 

CONCLUSIONS
In conclusion, WRMSDs are common among sonologists 
due to several factors including poor posture, transducer 
gripping pressure and force, repetitive motions, increas-

ing workload, and psychosocial factors. Key areas identi-
fied for redressal are poor and/or static posture, repetitive 
movements, transducer grip pressure, workload manage-
ment, and psychosocial factors. In this ominous era of 
the COVID-19 pandemic, there is a remarkable surge in 
psychosocial stress, which is further contributing to the 
incidence of WRMSDs among sonologists. Thus, it is of 
critical importance for both sonologists and employers that 
optimal work-related practices be promoted by providing 
good ergonomic equipment and furniture, providing prop-
er knowledge and training regarding optimal work postures 
and practices for stress reduction, and getting prompt treat-
ment if any musculoskeletal discomfort is felt by the sonol-
ogist. Adapting to new safety and ergonomics is the need of 
the hour. A regular review of the work practices adopted by 
sonologists, especially in the current context of COVID 19 
enforced, protective strategies may greatly help in risk iden-
tification and minimizing the precipitation of WRMSDs
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SUMMARY
Background. In some instance, finger amputation is required. The surgery may involve 
only the amputation of a finger (finger amputation) of an entire ray (ray amputation). 
We wished to better define the functional results of finger and ray amputation
Sources of data. A systematic search of different databases was performed to Novem-
ber 2021 to compare ray amputation vs finger amputation. Twenty suitable studies 
were identified.
Areas of agreement. This systematic review compares ray amputation and finger
amputation to highlight differences in the outcome relating to cosmetic and functional 
aspects, residual strength and return to activity.
Areas of controversy. Many authors have described the results of ray amputation 
and finger amputation for a variety of different pathologies. It is therefore difficult to 
separate the underlying pathology from the cosmetic and functional result that could 
contribute to the dissatisfaction of the treatment used.
Growing points. The treatments used could be differentiated according to the under-
lying pathology and the condition of the finger to be treated
Areas timely for developing research. To date, it is not possible to determine the best 
treatment in relation to the patient’s pathology.

KEY WORDS
Ray amputation; ray resection; ray surgery; finger amputation; finger resection; finger
surgery; hand surgery; hand pathology.
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INTRODUCTION
The human hand is anatomically located distal to the wrist, 
and consists of the palm and fingers. The metacarpus is the 
bony component of the palm, and the phalanges represent 
the bony component of the fingers. The five fingers are the 
continuation of the metacarpal bones and each has a specific
name. The first radial finger is the thumb; the other fingers,
in the radio-ulnar direction, are the index, middle, ring and 
little finge .

Given the role of the hand, trauma or other pathological 
conditions may cause considerable discomfort, especially 
when finger amputation is unavoidable.
In most cases, amputation is the result of acute traumat-
ic injuries in which it is not possible to save the finger (1, 
2). Less often, the amputation is performed as an elective 
procedure for the management of complications related to 
previous trauma, such as infections and neuromas (3). Other 
causes include cancer (4) and Dupuytren’s disease (5).
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The functional outcome is strongly related to the finge  
involved. The greatest difficulties are encountered in 
thumb amputation, while, in amputation of the other 
fingers, there is a greater possibility of adaptation (1)
When finger amputation is associated with amputation 
of the corresponding metacarpal, thus performing a ray 
amputation, the hand function can paradoxically be less 
compromised (6).
A major advantage of ray amputation over finger ampu-
tation is the cosmetic result. Indeed, with amputation of 
an intermediate ray, in particular when the middle and 
ring fingers are involved, it is possible to bring the two 
adjacent rays to the removed one closer, thus restoring at 
least part of the appearance of the hand; furthermore, the 
transposition of the adjacent rays allows to avoid compli-
cations such as malrotation (7).
The present systematic review compares ray amputa-
tion and finger amputation to highlight differences in the 
outcome relating to the cosmetic and functional aspect, 
residual strength and return to activity. 

METHODS
The present systematic review was performed following 
the Preferred Reporting guidelines for systematic reviews 
and meta-analyses (PRISMA) (figure 1) (8).
A systematic search up to November 2021 of articles 
assessing the surgical outcome of a single finger amputa-
tion versus single ray amputation with no restrictions of 
language was performed.
In the search, we used combinations of the following key 
terms: ray amputation, finger amputation, hand, resec-
tion, with no limit of year of publication. 
We excluded editorials, abstracts, technical notes, confer-
ence presentations, narrative reviews, and expert opinions. 
Two investigators independently conducted the systematic 
search, through November 2021, using full-text archives 
of Embase, Google Scholar, Scopus and PubMed. The 
titles and abstracts were examined separately by the two 
investigators to remove duplicates and evaluate the eligi-
ble studies according to the pre-defined inclusion crite-
ria. The full text of each article was examined by both 
investigators if either of them perceived ambiguity, and 
the bibliographies of the articles included were reviewed 
by hand to identify further related articles. Where pres-
ent, discrepancies were resolved through discussion with 
the senior investigator.
Twenty studies met the inclusion criteria and were includ-
ed in the analysis. The PRISMA flowchart shows the 
details of the search (figure 1).

RESULTS 

Literature review
The first search on PubMed, Scopus and Google Scholar 
provided a total of 345 articles, which included 82 dupli-
cates. Following reading title and abstract, 93 articles were 
excluded. Of the remaining 177 articles, 64 were not rele-
vant. Finally, full text reading of the remaining 84 articles 
allowed to select 20 articles (table I).
This systematic review includes 363 patients. Ray amputa-
tion was performed in 332 (91.46%) patients with an aver-
age age of 38.34 years (SD 14.02; range from 11 to 83) and 
an average follow-up of 34.71 months (SD 25.22; range from 
6 to 108); finger amputation was performed in 31 (8.54%) 
patients, with an average age of 47.65 years (SD 12.16; range 
from 32.5 to 83) and an average follow-up of 38.53 months 
(SD 8.22; range from 33.1 to 48) (table II). 

Cosmetic satisfaction
Of the 332 patients who underwent ray amputation, 9.64% 
(32 patients) expressed an excellent opinion on the cosmet-
ic result; 59.64% (198 patients) reported a good cosmetic 
result; 16.57% (55 patients) were satisfied; while only 0.30% 
(1 patient) of patients reported a poor cosmetic result.

Figure 1. PRISMA Flow Diagram 2009.
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Table I. Studies included.

Study (Authors) Sample Size Mean Age Finger Aethiology Surgical Procedure Follow-up
(month)

O’Brien et al. 
(2016) (9) 

1 M 34 Middle Traumatic 1 Ray amputation 24

Bhat et al. (2017) (6) 37 M
8 F

36.6 10 Index 
15 Middle
8 Ring 
12 Little

24 Traumatic
5 Cancer
5 Infection
9 Others

45 Ray amputation 20

Roberts et al. 
(1977) (4)

4 M
9 F

51,6 1 Thumb
4 Index
2 Middle
1 Ring
5 Little

13 Cancer 8 Ray amputation
5 Finger amputation

48

Clayton et al. 
(1963) (10)

7 - 7 Index 7 Traumatic 7 Ray amputation 108

Degreef et al. 
(2009) (5)

22 M
5 F

61.5 1 Thumb
7 Index
1 Middle
5 Ring
9 Little

7 Traumatic
7 Dupuytren
13 Others 

22 Ray amputation
5 Finger amputation

-

Gross et al. (1997) (11) 7 M
4 F

13.5 - 11 Sarcoma 3 Ray amputation 66

Karle et al. (2002) (12) 45 M
33 F

45 Index - 58 Ray amputation
12 Finger amputation

33.1

Laborde et al. 
(1982) (3)

37 M
13 F

- - 50 Neuroma 
post-traumatic

14 Ray amputation -

Lyall et al. (1996) (13) 7 M
1 F

40 - 5 Traumatic
2 Cancer
1 Others

8 Ray amputation 24

Melikyan et al. 
(2003) (1)

14 M
6 F

52 8 Index
5 Middle
1 Ring
6 Little

14 Traumatic
2 Cancer
2 Dupuytren
2 Others

20 Ray amputation -

Monreal et al. 
(2017) (14)

6 M
3 F

30.3 9 Ring 9 Traumatic 9 Ray amputation 17.1

Peimer et al. 
(1999) (15)

18 M
7 F

28 - 24 Traumatic
1 Cancer

25 Ray amputation -

Puhaindran et al. 
(2010) (16)

16 M
9 F

48.8 7 Index
5 Middle
6 Ring
7 Little

25 Cancer 25 Ray amputation 11

Sadek et al. (2015) (17) 19 M
6 F

34 25 Ring 25 Traumatic 25 Ray amputation 28

Sood et al. (2000) (18) 1 M 60 1 Middle 1 Traumatic 1 Ray amputation -

Iselin et al. (1988) (7) 12 - 12 Ring 12 Ray amputation 37

Nuzumlali et al. 
(2003) (2)

15 M
8 F

32,5 23 Ring 23 Traumatic 14 Ray amputation
9 Finger amputation

34,5

Segret et al. 
(2008) (19)

8 M
3 F

35 11 Ring 11 Traumatic 11 Ray amputation 9

Steichenet et al. 
(1986) (20)

10 M
3 F

38 4 Middle
9 Ring

8 Traumatic
5 Others

13 Ray amputation 43

J-G Delvaque et al. 
(2021) (21)

8 M
3 F

11 3 Middle
8 Ring

11 Traumatic 11 Ray amputation 18
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Of the 31 patients who underwent finger amputation, 
no excellent opinion on the cosmetic result was report-
ed; 16.13% (5 patients) reported a good cosmetic result; 
29.03% (9 patients) reported a poor cosmetic result. There 
are no data relating to the cosmetic appearance in the 
remaining 54.84% (17 patients).

Function satisfaction
79.52% (264 patients) undergoing ray amputation were 
satisfied with the functional result of the surgery; 6.02% 
(20 patients) reported functional deficits. The remaining 
14.46% (48 patients) gave no data relating to the function.
54.84% (17 patients) of patients undergoing finger ampu-
tation reported being satisfied with the functional result. 
There are no data relating to the functional aspect in the 
remaining 45.16% (14 patients).

Strength
The aneroid type of sphygmomanometer was used to 
measure grip strength. In patients undergoing ray ampu-
tation, the average strength loss was 27.38% (17 to 34), 
while in patients undergoing finger amputation, the average 
strength loss was 18.4%.

Return to activity
Of the 332 patients who underwent ray amputation, 50% 
(166 patients) returned to their previous activities; 1.2% (4 
patients) did not return to their previous activities.
Of the 31 patients who underwent finger amputation, 
29.03% (9 patients) returned to their previous activities.
In patients who underwent ray amputation, the return 
to activity was 14.2 weeks, while for patients who under-
went finger amputation, the time to return to activity was 
9.9 weeks.

DISCUSSION
The hand combines prehension with sensory and commu-
nicative functions. Injuries, but also cancer, infections 
and other conditions can be the cause of amputation and 
produce considerable discomfort. Ray amputation is indi-
cated in patients with irreparable damage to the proximal 
phalanx requiring complete finger amputation (15)
Ray amputation can be useful in cases of involvement of the 
index, both in cases of complete amputation and at the level 
of the proximal interphalangeal (PIP) joint; in these cases, 
the middle finger functionally replaces the index (22). When 
middle and ring fingers are involved, ray amputation is indi-
cated to reduce hand deformity and improve function (1).

Table II. Summary results.

Ray amputation Finger amputation
Number of patients 332 31

Age (mean; range) 38.34 (13.5 to 83) 47.65 (32.5 to 83)

Follow-up (months, range) 34.71 (6 to 108) 38.53 (31.1 to 48)

Cosmetic satisfaction 
number (%)

excellent 32 (9.64%) -

good 198 (59.64%) 5 (16.13%)

satisfactory 55 (16.57%) -

poor 1 (0.30%) 9 (29.03%)

no data 46 (13.85%) 17 (54.84%)

Function satisfaction
number (%)

satisfactory 264 (79.52%) 17 (54.84%)

poor 20 (6.02%) 0

no data 48 (14.46%) 14 (45.16%)

Strength loss (mean; %; range) 27.38% (17 to 34) 18.4%

Return to Activity 
(number of patients)

Yes: 166 (50.00%)
No: 4 (1.2%)
No data: 162 (48.8%)

Yes: 9 (29.03%)
No: 0
No data: 22 (70.97%)

Return to Activity 
(weeks)

14.2 9.9
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The complications related to the two surgical procedures 
were evaluated by a few authors; these were also evaluated 
differently in the relevant articles. Often, the evaluation is 
based on functional outcome and patients’ satisfaction.
Among the complications, Bhat et al. (6) included gap and 
deformity, while Roberts et al. (4) assessed the complica-
tions in relation to the severity of the cancer treated.
The most significant functional and psychological complica-
tions are related to amputations in children (11).
Laborde et al. reported persistent post-surgical pain in 71% 
of patients (23).
Karle et al. reported pain in 65.5% of the patients after 
ray amputation, and in 91.7% after finger amputation (12). 
Melikyan et al., after ray amputation, reported persistent 
moderate to severe pain in 80% of patients (1). Other 
complications include reduced sensitivity in the adjacent 
fingers (4/25 patients) (15), 1 phantom hand, 8 psycho-
logical problems (19), 1/12 postoperative dystrophy(7), 
2 digital neuromas, 1 lumbrical/interosseous adhesions, 
1 scar contracture, 4 palmar tenderness, 4 intolerance to 
cold (20).
Amputating only the finger can produce some functional 
disadvantages in terms of object grip and cosmetic result. 
Indeed, after ray amputation all treated patients report good 
cosmetic and functional satisfaction. Surgical complications 
seem not to be very dissimilar between finger amputation 
and ray amputation.

Limitations
We acknowledge that none of the articles identified is 
a randomized trial. In addition, the number of patients 
identified is limited, and there is a lack of comprehensive 
patient data. In particular, we were not able to identify data 
on return to activity and size of defect in all the articles. In 

addition, the measurement of defects in the hand reported 
in the articles may be affected by errors from the subjec-
tive assessment of the examiner. Finally, there is no scoring 
system that allows to standardize outcomes.

CONCLUSIONS
Ray amputation appears to be preferred over finger 
amputation.
If an extensive amputation is to be performed, due to trau-
ma, cancer or other conditions, ray amputation should be 
considered. Nevertheless, the literature does not provide 
precise indications on when to perform a ray amputation 
or finger amputation. The choice of the type of procedure 
is therefore left to the operating surgeons, based on their 
knowledge and the patient’s conditions and expectations, 
taking into account the underlying pathology.
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SUMMARY
Background. Determining flexor tendon tension in Pulvertaft methods is challenging. 
The tendons are sutured slightly tightly in anticipation of a postoperative decrease in 
flexor tendon tension, but it is not possible to predict by how much the tension will 
decrease. The purpose of this study is to determine the flexor tendon stretch length 
after undergoing Pulvertaft repair using the cyclic loading test. 
Methods. We obtained flexor tendons from fresh-frozen cadavers. We performed 
the flexor tendon suture using the Pulvertaft method from three to six weaves. 
We performed the cyclic loading tests to calculate suture stretch length. Next, we 
performed a single loading test to measure the failure load and record the mode of 
failure. We compared suture stretch length, failure load, and failure mode between the 
numbers of suture weaves. 
Results. The stretched lengths of the woven tendons in the 3-, 4-, 5-, and 6-weave 
groups were 2.99 ± 0.33 mm, 2.60 ± 0.25 mm, 3.48 ± 0.30 mm, and 3.04 ± 0.21 mm in 
the cyclic loading test, respectively. The mean failure load values of the woven tendons 
were 115.8 ± 8.9 N, 162.8 ± 18.5 N, 226.4 ± 24.7 N, 306.7 ± 36.0 N, respectively, with 
a significant difference between the groups  
Conclusions. Our study suggests that the use of the Pulvertaft method results in a 
stretch length of the sutured tendon by approximately 3 mm during rehabilitation. By 
performing the procedure while considering the postoperative stretching effect, it can 
be expected that better results will be obtained.

KEY WORDS
Interlacing suture; Pulvertaft method; biomechanical study; flexor tendons; cadaver 
specimen .
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INTRODUCTION
Tendon reconstruction is necessary for tendon rupture, such 
as in rheumatoid arthritis and osteoarthritis, and for paral-
ysis resulting from peripheral nerve disorder. Most tendon 
rupture cases present with defects. Therefore, tendon 
transfer and/or tendon graft surgery are often required. 
Although various suture methods, such as side to side (1), 

wraparound (2), and step cut (3, 4), have been reported, the 
Pulvertaft method is widely used. 
Tension adjustment during surgery is very important in 
tendon reconstruction. Previous studies have reported that 
the Pulvertaft method can be used to easily adjust the degree 
of tension during surgery (5, 6). Loose tension at suturing 
results in a shortage of the active range of motion of the joint 
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after the operation. Conversely, if the tension is too strong, 
the joint’s range of motion will be limited.
Tension during the operation can be determined by estimat-
ing the graft length in an anesthetized patient via the relaxed 
position of the fingers with the wrist in a neutral position. 
Each finger should fall into semiflexion, which is slightly less 
flexed than its ulnar neighbor or more flexed than its adja-
cent radial finger (7). However, the tension of the tendon is 
often reduced after the Pulvertaft procedure, resulting in 
insufficient flexion of the hand
A lack of joint flexion may occur to some extent due to loos-
ening of the weave of the tendon during the postoperative 
course. However, it is not clear to what extent the woven 
portion of the tendon will loosen. Using biomechanical tests, 
previous studies have proved that Pulvertaft methods have 
sufficient rupture strength to allow rehabilitation (8-11). 
These studies were single-traction tests, and the tension and 
length at which sutures break have been studied. Howev-
er, no studies have examined the stretch effect of the intact 
tendon after repeated cyclic traction tests.
We hypothesized that if the degree of tendon stretch after 
the Pulvertaft procedure can be predicted, postoperative 
dysfunction can be reduced by suturing the tendon as tightly 
as per the prediction. The purpose of this study was to eval-
uate the stretching by repeated cyclic loading test assuming 
postoperative rehabilitation of the tendon and determine 
the rupture strength by single loading test after performing 
the Pulvertaft procedure in fresh-frozen cadavers.

MATERIALS AND METHODS

Tendon preparation
We obtained 6 upper limbs from 3 fresh-frozen cadav-
ers  (1 woman  and 2 men  with a mean age of 79.7 years 
[range: 74–85 years]). This research was approved by the 
Institutional Review Board of the authors’ affiliated insti-
tutions (Graduate School of Medicine Chiba University 
Ethics Review Committee). Helsinki Protocol was followed. 
We excluded upper limbs damaged by injury or surgery 
and paralyzed due to stroke or other neural dysfunctions. 
The cadavers were not paralyzed. Immediately before the 
test, the harvested tendon was thawed and used at room 
temperature (27 °C) (12), and the specimens were kept 
moist with saline mist during all procedures. We used the 
flexor digitorum profundus tendons of the index, middle, 
ring, and small fingers (24 tendons); the flexor digitorum 
superficialis tendons of the index, middle, ring, and small 
fingers (23 tendons); and the flexor pollicis longus tendons 
(3 tendons). We removed the muscle-tendon transitions and 
parts of the chiasma. Macroscopically, a circular part with 

nearly uniform diameter was used. Moreover, we removed 
the lumbrical muscles and subsynovial connective tissues. 
To measure the circumference of both ends of the tendon 
of the part to be used, we used Nylon thread. We measured 
the  circumference  of the tendons by winding 6-0 Nylon 
around the tendon, cutting one place, and measuring it with 
a digital caliper (figure 1). From this value, we obtained 
the diameter using the circumference ratio. In addition, we 
obtained the average of both ends as the diameter of the 
tendon. We divided the specimens into 4 groups so that 
the diameter of the tendon was not significantly different 
between groups. We set the number of each weave to 3, 4, 
5, and 6. The number of each sample was 5.

Suture technique
The Pulvertaft technique was used to suture each tendon 
specimen. One surgeon performed all tendon sutures. We 
made a dedicated jig for suturing (figure 2). One tendon 
was tensioned with 5 N, and a small incision was made 
parallel to the fiber direction at the center of the tendon 
with a scalpel. The other tendon was passed to achieve 
a 60° angle between the tendons, and we used 2 sutures 
while applying a tension of 5 N to this tendon (figure 3). 
Suturing was carried out  with a corner stitch by Tanaka 
et al. (13) using 4-0 Nylon (figure 4). In the next weave, 
a small incision was made toward the direction orthogo-
nal to the small incision that was opened during the initial 
eave, and adjacent to each other in the longitudinal direc-
tion of the tendon. Furthermore,  the tendon was passed 
through and sutured. This suture was repeated 3–6 times. 
In the original method of Pulvertaft, one end of the tendon 
is shaped like a fish mouth and the other tendon is embed-

Figure 1. To measure the tendons, we wound 6-0 Nylon 
around the tendon, cut it one place, and measured it with a 
digital caliper.
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ded when suturing. However, we did not use these meth-
ods in this study. The end of the tendon was cut with a 
scalpel, leaving 5 mm from the last sewn part.

We subjected all sutured tendons to a cyclic load-
ing test at room temperature using a tensile testing 
machine  (AG-Xplus; SHIMADZU Corporation, Kyoto, 
Japan; figure 5). The specimens were clamped in the verti-
cal distance between the clamps held at 100 mm. To avoid 
slipping, the tendon was gripped through the sandpaper to 
the testing machine. The sutured tendons were prepared 
with a preload of 1 N and cyclic load of 5–30 N for 1000 
cycles at a frequency of 0.25 Hz. We chose these load levels 
to represent loads experienced during active finger fle -
ion (14). We recorded the displacement after 1000 cycles 
and considered  it as tendon stretched. Suture stretch was 
compared between the numbers of suture weaves. More-
over, for comparison, tendons that did not undergo the 
Pulvertaft procedure were also subjected to the same cyclic 
loading test and tendon stretching was measured.

Single loading test
Tendons were loaded at a rate of 10 mm/min until the repair 
was completely ruptured, and the failure load was record-
ed. We observed the failure mode of the specimens. Based 
on the work of Tanaka et al. (13), we classified the fail-
ure mode into three types: 1) suture failure (thread breaks 
and sutures break), 2) suture pullout (tendons are torn by 
threads, pulled out, and broken), and 3) tendon  rupture 
(figure 6). We compared the failure load and mode between 
the numbers of suture weaves.

Figure 2. Creation of a dedicated jig for suturing.

Figure 3. The other tendon was passed to achieve a 60° angle 
between the tendons, and 2 sutures were used while applying 
a tension of 5 N to this tendon.

Figure 4. Corner-stitch repair technique. The central portions 
of the motor and graft tendons are not crossed by the sutures 
(from the article by Tanaka et al. (13)).

Figure 5. All sutured tendons were subjected to cyclic load-
ing test using a tensile testing machine (AG-Xplus; SHIMAD-
ZU Corporation, Japan).
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Statistical analysis
To compare the mean values, we performed statistical analysis 
using the Kruskal–Wallis H test and Student–Newman–Keuls 
test. P-values of < 0.05 were considered statistically significant

RESULTS
Tendon diameter
The mean diameters of the tendons in the 3-, 4-, 5-, and 
6-weave groups were 3.82 ± 0.09 mm, 3.71 ± 0.14 mm, 3.73 
± 0.08 mm, and 3.74 ± 0.08 mm, respectively. No significant
differences were observed between the 4 groups (p = .864).

Cyclic loading test
The tendon stretch lengths of the woven tendons in the 3-, 
4-, 5-, and 6-weave groups were 2.99 ± 0.33 mm, 2.60 ± 0.25 
mm, 3.48 ± 0.30 mm, and 3.04 ± 0.21 mm, respectively. We 
observed no significant difference between the groups (p 
= 0.134) (figure 7). In addition, when the same cyclic load-
ing test was carried out with only one native tendon without 
suture, the tendon stretch length was 0.32 mm.

Single loading test
The mean failure load values of the woven tendons in the 
3-, 4-, 5-, and 6-weave groups were 115.8 ± 8.9 N, 162.8 ± 
18.5 N, 226.4 ± 24.7 N, and 306.7 ± 36.0 N, respectively 
(figure 8). These values were significantly higher in the 5- 
and 6-weave groups than in the 3-weave group (p = .012; p = 
.018). Similarly, the 6-weave group had a significantly greater 

failure load value than the 4- and 5-weave groups. The fail-
ure mode is also presented in the table in figure 9. In the 3-, 
4-, and 5-weave groups, many were suture pullouts, whereas 
tendon rupture was the failure mode in the 6-weave group. 

Figure 6. Tendon rupture.

Figure 7. Tendon stretched lengths after the cyclic loading 
test in the 3-, 4-, 5-, and 6-weave groups. 
No significant difference between-group was observed

Figure 8. Failure load of tendons in the 3-, 4-, 5-, and 6-weave 
groups.

Figure 9. Failure mode for each weave group.
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DISCUSSION
We found no significant differences in the cyclic loading test 
results in the 3- to 6-weaves group, and the sutured tendon 
elongated about 3 mm. This suggests that, in clinical prac-
tice, rehabilitation or repeated finger flexion can cause the 
tendon to stretch by approximately 3 mm at the point of 
suture of the Pulvertaft method. In other words, our results 
suggest that when performing the Pulvertaft procedure in 
clinical practice, tension should be increased by an equiva-
lent of 3 mm, regardless of the number of weaves. 
However, in clinical practice, the surgeon sutures the 
tendons while maintaining a slight tightness by considering 
factors such as 1) the length by which the sutured portion of 
the tendon is stretched, 2) the length by which the contract-
ed muscle stretches, and 3) the degree of relaxation as the 
transferred tendon straightens. The length by which the 
contracted muscle stretches will be different for each case. 
As the transferred tendon straightens, the degree of relax-
ation can be reduced by keeping the tendon as straight as 
possible. Factors other than the stretch effect at the point 
of suture of the Pulvertaft method may also be considered 
when suturing.
The failure load of all specimens in this study was greater 
than 100 N. In past research, tension on the flexor tendons 
with moderate grip was reported to be about 30 N (1-8, 
13). In this study, all weave numbers exceeded 30 N in the 
failure load of the specimens. Therefore, if patient compli-
ance is good, 3 weaves may be sufficient, but adjustment 
is accordingly necessary. The failure loads between the 5- 
and 6-weave groups showed no significant difference, and 
the failure mode in the 6-weave group was tendon rupture; 
therefore, no further steps were needed. In the 6-weave 
group, breakage occurred at the portion passing through 
the tendon at the end of the suture part, that is, at the part 
where the thickness is half. In other words, when the failure 
load of the sewn portion exceeds a certain level, a tendon 
with half the thickness is considered unable to bear that 
load, which leads to tendon rupture.
The limitations of this research are described below. First, 
in this study, we did not consider the effects of the healing 
process because we used tendons taken from cadaver spec-
imens. Therefore, we were not able to evaluate the effect 

of the healing process on the inhibition of tendon stretch. 
This study should be applied clinically, keeping in mind 
that it evaluated the stretching of tendons in the early post-
operative period. Second, the number of samples in each 
group was small. Third, we did not consider the increase 
in resistance due to friction or adhesions between tendons 
and surrounding tissues and swelling. In reality, edema may 
occur immediately after surgery, and resistance may increase 
thereafter due to adhesion. Moreover, this can be different 
for each case. 

CONCLUSIONS
Our study suggests that the use of the Pulvertaft method 
results in a stretch length of the sutured tendon by approx-
imately 3 mm during rehabilitation. By performing the 
procedure while considering the postoperative stretching 
effect, it can be expected that better results will be obtained.
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SUMMARY
Trigger finger is a stenosing tenosynovitis of flexor tendons with consecutive conflict
with the A1 pulley. Quinnell defined 4 grades according to the clinical manifestation 
of the conflict. Studies focused on grade 2 and 3 for conservative treatment. Extra-
corporeal shockwave therapy (ESWT) is a conservative method to receive extensive 
attention in the musculoskeletal pathology. Researchers analyzed the effects of ESWT 
on trigger finge , aiming at defining its effects, dosing and side reactions. We reviewed 
the only 7 published studies in the literature, one retrospective, three before-after 
interventional studies and three randomized controlled studies. The most prescribed 
form was radial ESWT, with variable dosing, with clinical and functional improvement 
mainly on medium and long term. ESWT and corticosteroid injections led to similar 
improvement, with more rapid analgesia for corticosteroids and a lower rate of recur-
rence for ESWT. Focused ESWT with high-energy was more effective than low-ener-
gy, counting for a dose-effect relation.  
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INTRODUCTION
Trigger finger defines a pathologic condition, a stenosing teno-
synovitis with a consecutive conflict at the intersection between 
the flexor tendons of the fingers and the contenting A1 pulley. 
The gliding of the tendon loses its smoothness and causes trig-
gering, snapping or locking of the fingers at the metacarpo-
phalangeal joint (1). It seems to occur more frequently after 45 
years and in women. Its incidence is estimated to 2-3% in the 
general population; the association of diabetes mellitus increas-
es the incidence at 10%. Other conditions associated with trig-
ger finger are: collagen tiduue disease, rheumatoid arthritis, 
Dupuytren’s disease, amyloidosis, mucopolysaccharide storage 
disorders, congestive heart failure, genetic predisposition, de 
Quervain’s disease, carpal tunnel syndrome, renal disease. 
The severity of the trigger finger is described by Quinnell clas-
sification: grade 0 (normal finger movement); grade 1 (uneven 
movement); grade 2 (trigger finger actively correctable); grade 
3 (passively correctable); grade 4 (fixed deformity)  
Treatment options include rest or activity modification,
splinting, physical agents, drugs (mostly NSAIDs), thera-
peutic exercise, local injections, surgery. There is no consen-

sus about a certain therapeutic association, as none has been 
proved absolutely better than the others. Surgery is reserved 
for grade 4 and for conservative treatment failure, as an 
effective therapy with some possible complications: hypoes-
thesia, infection, tendon rupture (2). Extracorporeal shock 
wave therapy (ESWT) is a relatively new procedure, with 
extensive studies in the therapy of musculoskeletal disor-
ders. Research on tendinopathies as lateral epicondylitis of 
the elbow, Achilles tendinopathy, plantar fasciitis brought 
new insides on its mechanisms. The biological effects of the 
acoustic impulse reside in cell stimulation, neovascularisa-
tion, tissue regeneration, nitric oxide synthase stimulation 
and suppression of the inflammation (3, 4)
ESWT is an acoustic energy wave applied externally that 
travels rapidly. It is generated in two forms, focussed and 
radial, that differ in physical characteristics, energy delivered 
and method of production. Focussed ESWT affects a small, 
precisely defined area and travel more deeply, whereas radi-
al ESWT affect a larger, more diffuse and superficial area. 
Focussed ESWT carries more energy than radial ESWT. 
Focused ESWT deliver maximum pressure inside the tissue, 
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while radial ESWT reach the maxmum of pressure right at 
the source, not at a selected depth in the body. Some authors 
believe that the radial form is not a true ESWT and should 
be more accurately be called “radial pressure wave” therapy. 
Reports on ESWT recommendation for patients with trig-
ger finger are rare. Based on previous experience with 
musculoskeletal conditions, ESWT may have a place in the 
armamentarium of stenosing flexor digitorum tenosynovitis.
The rationale behind ESWT prescribtion in trigger finge  
resides in its biological and tissue effects that may be struc-
tured as analgesic and as healing reactions. The pain relief 
effect is due to direct action  on nociceptors and to hyperstim-
ulation analgesia through substance P modulation  (produc-
ing an initial increase followed by a long-term decrease of 
substance P), with blocking  of gate-control mechanism. The 
tendon healing effects are complex and partially unknown.  
Research documented neovascularisation and local produc-
tion of growth factors (transforming growth factor beta, 
TGFb1 and insulin-like growth factor, IGF-I) with mitogen-
ic and anabolic response. It seems that tenocytes are able to 
convert the mechanical stimulus into a biochemical response, 
by increasing gene expression of the growth factors. Anabol-
ic effects consists in colagen type I and type III synthesis (5).
Differences between the mode of generation and physical 
characteristics of the two forms of ESWT are well docu-
mented. There are a few studies to compare the two forms; 
most studies were done with the focused form, as the radi-
al form was more recently introduced in clinical practice. 
Concerning the biological effects, radial ESWT act more 
superficially than focused ESWT. On the short-term, it 
seems that there are no differences between the analgesic 
effect of the two forms, while, on long-term (24-48 weeks, 
one year), focused ESWT are significantly superior (6-8)

CLINICAL AND RESEARCH 
CONSEQUENCES

Search strategy
In August 2021 we performed a scientific literature research 
on PubMed, Medline, PEDro electronic databases. The arti-
cles were selected according to the language (English) and to 
the different combinations of the following terms: “trigger 
finger”, “extracorporeal shockwave therapy”. Two reviewers 
performed the activity independently. The studies included 
in the analysis should have been selected by both authors. 

Selection criteria
The authors consulted the titles and the abstracts of the 
selected articles. According to the PICO model, the follow-
ing parameters were considered eligible:

• P. Participants: patients with trigger finger
• I. Intervention: local application of extracorporeal shock-

wave therapy as main intervention;
• C. Comparator: none;
• O. Outcome: pain and disability.
Reviewers excluded papers not related with human health. 
The selected study designs were as follows: prospective 
cohort trials, retrospective trials, randomized controlled 
trials (RCTs). The authors excluded letters to the author, 
editorials, technical notes, case reports, case series, narrative 
reviews, systematic reviews, meta-analysis. 

Data extraction and analysis
The authors independently studied and extracted data 
from the full-text documents into an Excel document. The 
following data were extracted: 1) author, publication year; 
2) design; 3) number of participants; 4) severity of the trig-
ger finger (Quinell grading); 5) intervention; 6) outcomes; 7) 
timing of outcomes.
There were 26 records selected from the literature databas-
es, one article was excluded as it was a meta-analysis. After 
duplication exclusion, 7 studies were considered eligible 
and screened for title, abstract and full-text.  
From the 7 studies, one is retrospective and 6 are interven-
tional, with 3 studies being randomized controlled trials and 
3 before-after (pre-post) studies (9) (table I). 

The reviewed studies on trigger 
finger and ESWT
In the retrospective study, Malliaropoulus et al. included 
49 digits grade 2 and 3 according to Quinnell classification,
treated with radial ESWT, one weekly session, until symp-
toms subsided. The number of the sessions varied between 
3 and 8, with an average of 6 (± 1.3), the technical parame-
ters were 2000 impulses/session, a pressure between 1 to 3 
(depending on the individual pain tolerance) with a mean 
value of 1.4 bar (± 0.3), a frequency from 5 Hz to 6 Hz 
and a mean value of 5 ± 0.4 Hz. Outcomes were patient 
assessment of pain and limitation of activity (Roles and 
Maudsley score) and pain severity measured with a visual 
analogue scale (VAS). It is important to observe that both 
parameters are subjective. Assessments were done at base-
line (before treatment), at 1 month, at 3 and 12 months. 
Results showed significant reduction of pain and functional 
disability scores at all the moments of the study in 93,1% 
of cases. They noted a recurrence rate of 6,1% after one 
year. Over the all, radial ESWT was considered efficient.
The parameters of the treatment should be adapted to indi-
vidual tolerance (10).
Three interventional studies (before-after treatment) were 
found in the literature. Two of them studied radial ESWT on 
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Table I. The reviewed studies on trigger finger and ESWT.

Study author Design Number of 
participants

Grade
Quinnell

Intervention Outcome Timing 
of outcome

Malliaropoulos 
et al., 2016 (20)

Retrospective 49 digits 
(44 patients)

2, 3 Radial ESWT
2000 impulses
5-6 Hz
1 – 3 barr
One session/week
Until pain resolves

Pain (VAS)
Functional 
outcome 
(Roles 
and Maudsley
score)

One month
3 months
12 months

Yildirim et 
al., 2016 (14)

RCT (ESWT 
versus CSi*)

36 patients
(19 ESWT
17 CSi)

2 Radial ESWT
1000 impulses
15 Hz
2.1 barr
One session/week
3 sessions

CSi
0.5mL betamethasone 
dipropionate/ sodium 
phosphate solution
0.5 mL of 
2% lidocaine

Pain (VAS)
Frequency of 
triggering FT
Severity of 
triggering ST
Functional 
impact of 
triggering FiT
QuickDASH 

One month
3 months
6 months

Vahdatpour et 
al., 2020 (13)

Interventional 
(before-after)

19 patients > 1 Radial ESWT      +   focused ESWT Pain (VAS)
QuickDASH

Post-treatment
6 weeks
18 weeks1000 impulses

15 Hz
2.1 barr 

500 impulses
4 Hz
0.1 barr

One session/week
3 sessions

Dogru et 
al., 2020 (11)

Interventional 
(before-after) 

18 patients 2 Radial ESWT
2000 impulses
10 Hz
2 barr
2 sessions/week
10 sessions

Pain (VAS)
Grip strength
Pinch strength
ROM*
quickDASH

Post-treatment
3 months

Wah et 
al., 2020 (15)

RCT (US + 
paraffin bath
+ TE versus 
ESWT + ice 
massage + TE)

29 
patients (19 US
10 ESWT)

1, 2, 3 US, 3 MHz, 0.5W/
cm2, 5 min +
Paraffin bath 15 min + T

Radial ESWT 
1000 impulses
15 Hz
2.1 barr +
ice massage 
5 min + TE

Pain (VAS)
quickDASH

1 week
2 weeks
3 weeks
4 weeks

2 sessions/week
10 sessions

Zyluk et 
al., 2020 (12)

Interventional 
(before-after)

50 (32 patients) 2, 3 Radial ESWT
2000 impulses
8 Hz
2 barr
One session/week
4 sessions

Pain (VAS)
Grade of 
triggering 
(Froimson/
Quinnell scale)

One week
6 months

Chen et 
al., 2021 (15)

RCT
(HS* 
versus LS* 
versus sham)

56 (18 
+ 19 + 19)

2 Wide-focused ESWT/sham Pain (VAS)
Frequency of 
triggering 
Severity of 
triggering
Functional 
impact of 
triggering
quickDASH

One month
3 months
6 monthsHS

1500 impulses
3 – 5 Hz
5.8 barr (0,01 mJ/mm2)

LS
1500 impulses
3 – 5 Hz
3 barr 
(0.006 mJ/mm2)

One session/week
4 sessions

*CSi: corticosteroid injection; *ROM: range of motion; US: ultrasound; TE: therapeutic exercise; *HS: high-energy wide-focused ESWT; *LS: low-energy 
wide-focused ESWT.
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the trigger finge , grade 2 (Dogru et al.) and grades 2 and 3 
(Zyluk et al.) (11, 12). The parameters are in the same range, 
2000 impulses/session, pressure 2 bar, frequency 8 or 10 
Hz, one or two weekly sessions, 4 to 10 sessions. Outcomes 
were pain scores (VAS) and different disability scores. 
Both studies stressed the reduction of pain and disability 
at mentioned moments (one week, 3 and 6 months). There 
was a 6% failure at 3 months (Zyluk et al.). Another study 
used a combination between radial and focused ESWT (13).
The rationale behind the combined therapy may reside in 
the area of application: focused ESWT was used directly on 
the nodule, whereas radial ESWT was used on the periph-
eral tissues of the nodule. The timing of outcomes was 
scheduled after treatment, at 6 and 18 weeks. Pain severity 
improved in the after-treatment evaluation and continued 
its evolution at 6 and 18 weeks. The severity of triggering 
and the functional impact of triggering were not significant
immediately after treatment; they peaked at 6 weeks and 
continued this trend at 18 weeks.
Three RCTs from the literature were analysed. One of them 
compared radial ESWT with corticosteroid injection for 
grade 2 Quinnell trigger finger (14). Follow-up at 1 month, 
3 and 6 months showed that both treatments were equal-
ly effective for improving symptom severity and functional 
status in patients with grade 2 Quinnell trigger finge . There 
was no statistical significant difference between the two 
groups and they have a similar rate of failure at 6 months. In 
conclusion, the study pointed that ESWT is a conservative 
therapy used as an alternative to corticosteroid injection, 
with similar results on short and medium term.
In another RCT, ESWT was included in a complex rehabili-
tation program. In the form of radial ESWT, it was associat-
ed with cryotherapy and therapeutic exercise and compared 
with ultrasound, hot therapy and therapeutic exercise. Pain 
and functional status (measured as quickDASH scale) were 
analyzed at 1, 2, 3 and 4 weeks. Results showed that the 
combination of ESWT plus ice therapy offered no improve-
ment in pain and functional scores, versus the combination 
of therapeutic ultrasound, hot baths and exercise (15). 
Chen et al. studied wide-focused ESWT in the treatment of 
trigger finge , in order to define the most effective dosage. 
They compared two types of ESWT, high-energy, low-ener-
gy with a control group. High-energy wide-focused ESWT 
had an energy flux density of 0.01 mJ/mm2 (equivalent to 
5.8 bar) and the low-energy wide-focused ESWT, 0.006 
mJ/mm2 (equivalent to 3 bar). Outcomes were pain (VAS), 
functional (quickDASH) and clinical (frequency of trigger-
ing, functional impact of triggering) scores, assessed at 1, 
3 and 6 months. There were no differences in all param-
eters between the three groups at one and three months; 
at six months the pain and quickDASH score were signifi-

cantly lower in the high-energy ESWT group. However, 
clinical parameters did not differ between the three groups 
at 6 months. One most interesting conclusion was that 
even the control group had significant improvement with-
in 6 months, counting for the placebo effect and the natu-
ral course of the trigger finge . Researchers concluded that 
wide-focused ESWT, four weekly sessions, are efficient in 
pain relief and functional improvement in grade II trigger 
finger at 6 months, with a better result from the high-en-
ergy form. There may be a dose-related effectiveness of 
ESWT (16).
Although the literature mentions the adverse effects of 
ESWT, as local haemorrhage (ecchimoses, bruises), local 
hyperesthesia, post-treatment pain, skin redness, all the 
cited studies found none of them. 

CONCLUSIONS  
There are few studies on the effect of ESWT on the trigger 
finge . Most of them focused on the stage 2 and only a small 
proportion of cases were stage 3. It is worth mentioning that 
stage 1 trigger finger therapy received little attention in the 
studies, possibly due to underdiagnose; therapy is conser-
vative, combining rest, splinting, physiotherapy and kineto-
therapy. On the other hand, stage 4 is referred immediately 
to surgery. 
The most used ESWT was in the radial form in 5 studies; 
one study used the focused form and one study a combina-
tion between the two forms. Radial ESWT parameters were 
as follows: 2000 impulses, 5-10 Hz, 1-3 barr, more often, 
and 1000 Hz, 15 Hz, 2.1 barr in one study. The sessions 
were weekly or twice a week, with a total number of 3, 4 
or 10; one study delivered as many sessions as needed until 
symptom resolution. Pain improved in the post-treatment 
follow-up, clinical and functional parameters improved 
later, in an interval between 6 weeks and 6 months. 
Radial ESWT and corticosteroid local injection were equal-
ly efficient in pain and functional improvement at 6 months 
after intervention, with a more rapid effect of corticoste-
roids. Regarding symptom recurrence at 6 months, studies 
found a rate of 23-34% for corticosteroid injection and of 
6% for radial ESWT (17, 18). Studies comparing cortico-
steroid versus ESWT in other tendinopathies found similar 
results in functional and clinical improvement, with a more 
rapid analgesic effect of corticosteroids (19, 20).
Comparing associations between physical agents, the combi-
nation of ESWT and cryotherapy was less efficient than 
ultrasound and thermotherapy. The place of ESWT and the 
most useful combination of physical agents has not yet been 
determined. Ultrasound was found less efficient that corti-
costeroid injection in reducing pain and dysfunction imme-
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diately after treatment, but was associated with a lower rate 
of recurrence at 3 and 6 months (21).
The focussed ESWT was studied as a high-energy and a 
low-energy form, with better results for the high-energy 
form, stressing the dose-effect relation. Focused ESWT is 
used in the patellar and Achilles tendinopathy, with similar 
results as platelet-rich plasma injections (22, 23). One study 
observed that there are no differences between focused and 
radial ESWT in the treatment of patellar tendinopathy (24).
Summarizing, stages 2 and 3 of trigger finger are good candi-
dates for ESWT application, in either radial or focused 
form. Radial ESWT offers analgesia and functional improve-
ment, with a comparable benefit as corticosteroids. Focused 
ESWT with high-energy is efficient. Combination between 
ESWT and physical agents deserves more studies. Due to a 
small number of studies, there is no consensus on the most 
efficient form and the mode of application in order to reach 
pain reduction and functional improvement. It is clearly stat-
ed that the therapy is well tolerated, with no side effects. 
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SUMMARY
Background. Forward head posture (FHP) is a poor habitual posture of the head and 
neck. Because of the biomechanical relationship of body segments, posture of cervi-
cal spine may influence the posture of the pelvic and lower limb. The objective of this 
study was to compare the static posture of the trunk, pelvic and lower limb in the sagit-
tal plane in subjects with FHP and without FHP.
Methods. In this cross-sectional study, the static posture of 82 university students with 
the FHP (age: 23 ± 2) and 80 students without the FHP (age: 23 ± 2) has been analyzed 
with photogrammetry technique. Posture of the neck, trunk, pelvic and lower limb has 
been measured using craniovertebral angle, horizontal alignment of the pelvis, verti-
cal alignment of the torso, and vertical and sagittal alignments of the body, lower limb 
angle, hip joint angle, ankle joint angle respectively. The inter- and intra-rater reliability 
of all postural and correlation of postural angles and the FHP was computed.
Results. The ankle joint angle, vertical alignment of the torso, and vertical alignment 
of the body were different between two groups (p < 0.05). There were significant rela-
tionships between FHP severity and the ankle joint angle (r: - 0.17), vertical alignment 
of the torso (r: - 0.19), and vertical alignment of the body values (r: 0.16).
Conclusions. The trunk and lower limb postures were different between groups of 
the subjects with and without the FHP. The evaluation of the truck and lower limb in 
subjects with the FHP may help the management of the FHP.

KEY WORDS
Posture; head; trunk; lower extremity; pelvic.
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BACKGROUND 
The existence of abnormalities in the alignment of the 
human spine might be effective in the development of 
different spinal disorders (1). Forward head posture (FHP) 
is a common abnormal posture of the head and cervical 
spine in the sagittal plane mostly occurring in the computer 
and smartphone users suffering from neck pain and other 
musculoskeletal impairments (2, 3). In this posture the head 
is aligned in an anterior position with the line of gravity (4). 

This posture alters upper and lower cervical curvatures (5) 
and as a result, may alter the length-tension relationship of 
the cervical muscles and leading to an increase in the activ-
ity of cervical muscles as compensation (6). These effects, 
combined with impaired proprioception (7), and loss of 
cervical range of motion may increase the stress on posteri-
or structures in the neck and lead to pain and disability (8). 
Considering the anterior position of the line of gravity 
following FHP in the long-term, it seems that the posture 
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of the other segments of the spine, and also the pelvic girdle 
and lower extremities may be influenced by the cervical 
spine posture (9). Kendall believes that any change in the 
position of the line of gravity alters the muscular activity 
and position of multiple segments concerning each other’s 
(10). Altogether, because of the biomechanical interactions 
existing between body segments and anatomical orienta-
tion of muscles, changing the position of some parts of the 
spine may adaptively accompany changes in the alignment 
of other parts of the spine and body (11, 12). Farokhmanesh 
et al., found that an increase in bilateral foot pronation is 
combined with an increase in lumbar lordosis and thoracic 
kyphosis as well Also, in people with FHP, increasing in the 
thoracic kyphosis has been demonstrated (14). In addition, 
others found high correlations between FHP and rounded 
shoulder (13, 14). It is worth noting that the variations in 
sitting positions have also effects on the head and neck posi-
tion and muscular activities around the cervical column (15). 
These findings highlight the inter-relationships between the 
alignment of the thoracic and lumbar spine and head and 
neck alignment. Again, considering a strong relationship 
between the pelvic girdle alignment and cervicothoracic 
posture in the sagittal plane maintaining the pelvic girdle in 
the neutral posture is necessary to achieve a neutral position 
in the cervical and thoracic spine in the standing (16).
In this regard, different treatment approaches especially 
therapeutic exercises have been reported in the previous 
studies (17). The most common exercises were: postural 
corrective exercise (18), deep cervical flexors training (19), 
scapula and cervical spine stretching and strengthening 
exercises (20, 21), cervical stability exercises (22), Pilates 
(23), scapular stability exercises (2), core stability exercises 
(24) and cervicothoracic mobilization exercise (25).
Assessment and correction of spine posture has been empha-
sized in different rehabilitation protocols like McKenzie 
method (26). Accordingly, correcting FHP has been useful 
in alleviating symptoms in various conditions as follows, 
correction of the FHP leads to contorting the pain and relat-
ed symptoms with radiculopathy, and along with improve-
ment the cervical nerve root function in patients with cervical 
radiculopathy (27, 28). Others reported that combining FHP 
correcting exercises with conventional idiopathic scoliosis 
management protocols is effective in improving symptoms 
and postural correction in these patients (29). It has been 
found that adding FHP corrective exercises reduced symp-
toms in people with chronic lumbar radiculopathy and had 
effects on improving spinal posture in them (30). Besides, the 
FHP itself is best corrected by implementing stability exer-
cises targeting entire spinal column and pelvic girdle and not 
only by the cervical stabilization exercises alone (31). Finally, 
the positive effects of the simulated horse-riding management 

on reducing FHP reveals that possibly there are functional 
linkages between different parts of the spinal column (32).
Considering the high prevalence of the FHP and the compli-
cations associated with FHP, exploring the probable link-
ages between the cervical posture and posture of the other 
parts of the spinal column and also the lower extremities 
may have implications for better understanding of postural 
malalignments and designing corrective postural protocols 
in a wide variety of postural malalignments. In this regard, 
three research questions were posed: as the first research 
question, we wanted to know what the possible alternations 
in the other regions of the spinal column in the presence 
of the FHP were. As the second one, if there was any rela-
tionship between the alignments of the various regions of 
spine regarding the FHP presence. And finall , whether 
FHP severity was related to these alignments.  Therefore, 
this study aimed to quantitatively analyze the static posture 
of the trunk, pelvic girdle, and lower extremities in the sagit-
tal plane in people with and without forward head posture.

MATERIALS AND METHODS 

Study design

Participants
In this case-control study, 162 university students (100 
females and 62 males) volunteered to participate in this 
case-control study. A written informed consent was 
obtained and sample sized was defined based on the pilot 
study. Considering the ankle angle, α = 0.05 and power 
equals 80%, the number of participants in each group was 
calculated as 80. Inclusion criteria for participants were as 
follows: aged between 18 to 35 years and body mass index 
(BMI) ranged from 20 to 25 Kg/m2. Subjects with the histo-
ry of pain in the thoracic spine and lower limbs at least since 
6 months ago, the history of myelopathy, rheumatoid arthri-
tis, dislocation and fracture in any site of the body, discopa-
thy and spondylosis in the spine, the history of head or spine 
trauma resulting from a crush or car accident, surgery and 
arthritis in the head and or spine and/ or lower extremities, 
apparent scoliosis in the spine, the history of disease such as 
chronic respiratory disease, systemic inflammatory disease, 
acute digestive disease, congenital disorders in the spine, 
and/ or the presence of pregnancy, the history of any neuro-
logic disease, consumption of psychiatric medicines and 
being athlete were the excluding criteria of this study (12). 
This study was approved by the local ethics committee 
of Tabriz University of Medical Sciences (IR.TBZMED.
REC.1396.473/2018 - date of approval: 03/04/2018.) and 
performed from August 2017 to August 2018 in the Biome-
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chanics’ research laboratory of the Tabriz University of Medi-
cal Science.
The participants were grouped in the FHP (n = 82) and 
non- FHP (n = 80) groups based on the amount of Cranio-
vertebral angle (CVA) (people with the CVA less than 48° 
were classified as the FHP group). Subjects in the two 
groups were matched employing age, height and weight.

Procedures
The posture has been evaluated using the photogrammetry 
technique. A camera (Fuji film JX 700 16 megapixel reso-
lution), a plumb line, and photo sensitive markers were 
used in this technique. A qualified physiotherapist with 5 
years-experience in the posture field performed the postur-
al assessment. Markers were attached superficially to the 
predefined bony landmarks. Then, subjects were asked to 
stand against the plumb line. The plumb line was adjust-
ed in front of the left lateral malleolus. The camera had no 
tilt in frontal and vertical planes. The camera height was 
defined based on the pelvic level of each participant (33). 
The distance of the camera from the left lateral malleolus 
was 252 cm. All of the photos were gathered in the stand-
ing position and from the left side. The participants were 
asked to maintain habitual head, spine, and lower extrem-
ity posture during the procedure. For a better understand-
ing of maintaining a neutral posture, the examiner request-
ed the participants to stand near the plumb line and exhale 
and inhale deeply in a few repetitions and then stare to a far 
point in the front (34). The “Self-balance position” meth-
od was also used to standardize the posture of the head; 
neck as follows: participants in the standing position first
marched while the feet were apart as the length of the shoul-
ders. Then they flexed and extended the head and the neck 
repeatedly and gradually lessened the ranges of motion 
and stopped moving (35). Landmarks were attached to the 
ear tragus, C7 spinal process, anterior superior iliac spine, 
posterior superior iliac spine, the spinous processes of the 
second, fourth, and seventh cervical vertebras, the center of 
the greater trochanter of the femur, the midway of the knee 
joint line, and the lateral malleolus. Another experienced 
physiotherapist analyzed the photos using the Auto CAD 
software (version 2018). Postural angles, including cranio-
vertebral angle, horizontal alignment of the pelvis, lower 
limb angle, hip joint angle, ankle joint angle, vertical align-
ment of the torso, and vertical and sagittal alignments of the 
body were measured from photographs (figure 1).  
Also as a pilot study, the inter-rater and intra-rater reliability 
were applied for the photogrammetry technique in people 
with the FHP (32 females and 28 males). The time interval 
for test-retest was 20 minutes and one week for inter-rater 
and intra-rater reliability respectively.

Statistical analysis
The SPSS software version 20 was used to perform the statisti-
cal analysis. The Kolmogorov-Smirnov test was first applied to 
examine the normal distribution of the variables. Some of the 
variables did not have a normal distribution so between-group 
differences in postural angles were defined using the indepen-
dent t-test and U-Mann Whitney test. Spearman correlation 
coefficient was then used to investigate the relationships between 
FHP severity and postural angles. Interclass-correlation coeffi-
cient (ICC) in the confidence interval of 95% and standard error 
of measurement (SEM) was computed for the reliability analysis. 
A P-value of less than 0.05 was considered significant

RESULTS
The demographic characteristics of the groups are present-
ed in table I. The t-test analysis revealed that both groups 
were matched in terms of age, height, and weight (table I). 
The amounts of the ankle joint angle, vertical alignment of 
the torso, and vertical alignment of the body were different 
between groups (p < 0.05) (table II). Also, there were signif-
icant relationships between FHP severity and the ankle joint 
angle, vertical alignment of the torso, and vertical alignment 
of the body (p < 0.05) (table III). The results of the reliabil-
ity analysis are also presented in table IV.

Figure 1. The measured postural angles: 
(A) Craniovertebral angle, (B) Horizontal alignment of pelvic, 
(C) Angle of ankle, (D) Vertical alignment of torso, (E) Verti-
cal alignment of body, (F) Sagittal alignment of body, (G) Hip 
joint angle, (K) Sagittal alignment of lower limb.
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Table I. Result of independent sample t-test about difference in participants’ demographic information.

Variable FHP group
Mean (SD) (n = 82)

NFHP group
Mean (SD) (n = 80)

P-value

Age (year) 23.21 (2.43) 23.29 (2.94) 0.99

Height (cm) 167.08 (6.68) 167.70 (8.53) 0.83

Weight (Kg) 64.16 (7.18) 62.10 (7.55) 0.06

BMI (Kg/m2) 22.85 (1.55) 22.04 (1.72) 0.02*

CVA (degree) 52.73 ± 2.49 45.93 ± 1.80 0.00*

P-value less than 0.05 is considered as significant. FHP: subjects with forward head posture; NFHP: subjects without forward head posture; CVA: cranio-
vertebral angle.

Table II. Between group differences for postural angles using independent t-test and U-Mann Whitney tests.

P-valueMean ± SDGroups
N (FHP): 82
N (NFHP): 80

Postural angles (degree)

0.13- 10.66 ± 5.03
- 12.16 ± 5.77

FHP 
NFHP 

Horizontal alignment of the pelvis

0.54174.55 ± 3.30
174.46 ± 4.63

FHP 
NFHP 

Lower limb angle

0.19151.94 ± 12.05
153.48 ± 12.18

FHP 
NFHP 

Hip joint angle

0.03*82.66 ± 3.01
83.61 ± 3.48

FHP 
NFHP 

Ankle joint angle

0.01*2.27 ± 3.46
3.56 ± 3.51

FHP 
NFHP 

Vertical alignment of the torso

0.04*1.89 ± 1.72
1.48 ± 1.60

FHP 
NFHP 

Vertical alignment of the body

0.07172.18 ± 4.93
170.88 ± 4.79

FHP 
NFHP 

Sagittal alignment of the body

P-values lesser than 0.05 are considered as significant; FHP: subjects with forward head posture and NFHP: subjects without forward head posture

Table III. Relationships between FHP severity and postural angles.

P-valueSpearman correlation coefficientPostural angles (degree)

0.1340.188Horizontal alignment of the pelvis

0.547- 0.048Lower limb angle

0.200- 0.101Hip joint angle

0.030*- 0.171Ankle joint angle

0.014*- 0.191Vertical alignment of the torso

0.038*0.163Vertical alignment of the body

0.0700.143Sagittal alignment of the body
P-values lesser than 0.05 are considered as significant
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DISCUSSION
According to the results of the present study, the trunk and 
lower limb posture were different between groups of people 
with and without the FHP. Also, there were significant rela-
tionships between FHP severity and the ankle angle, the 
vertical alignment of the torso and the vertical alignment of 
the body between groups. This is the first study examining 
the posture of the trunk, pelvic griddle and lower limbs in 
people with and without the FHP.
The posture of thoracic and lumbar spine, scapula and 
pelvic have been investigated in previous studies. The 
altered trunk and lower limb posture in subjects with the 
FHP compared to people without FHP may be explained 
partly by the proprioception concept. The proprioception 
problems have been reported in previous studies in subjects 
with the FHP (36). The correlation between the cervical 
sense of position and trunk posture in subjects with the 
FHP has been found by Lee et al. They declared that, due 
to proprioception problems in subjects with the FHP, trunk 
posture may be changed (11).
The relationships between the cervical spine and other 
parts of the spine especially the trunk and lumbar regions 
have been also interpreted by considering the tonic neck 
reflex (TNR). The TNR affects the trunk and upper and 
lower limbs by two mechanisms: First, by the afferents 
from the muscle spindles located in the muscular intrafusal 

fibers of the muscles and the vestibular nucleus and second, 
by the proprioception afferents originating from the upper 
and lower cervical spines (36, 37). Considering the impor-
tance of cervical spine proprioception and integration of 
this information with other proprioceptive afferents origi-
nating from the trunk and lower limbs sources, the impair-
ment in the proprioception of the head and cervical spine 
in subjects with the FHP may change the trunk and lower 
limb alignment (11). Additionally, the biomechanical chain 
of the joints and fascia in the trunk and spine sections may 
affect the correlation of different segments of the body 
(38). Altogether, the findings of the present study revealed 
differences between groups in the far region alignments 
‒ such as the ankle joint angle to the head position. The 
anterior position of the head may decrease the ankle joint 
angle and transfer the vertical alignment of the body to 
the anterior. Decreasing the angle related to the alignment 
of the torso and increasing the angle related to the verti-
cal alignment of the body may justify the anterior trans-
lation of the body because of the FHP. Maintaining the 
head out of the stability limit may impose anterior transla-
tion to the center of mass and line of gravity and may have 
effects on the stability (39). In subjects with the FHP, the 
balance control center attempts to adapt to these chang-
es by modifying the balance control mechanisms (40). The 
balance control problems have been depicted in subjects 

Table IV. Inter and intra rater reliability analysis for postural angles in subjects with and without Froward Head Posture.

Inter rater reliability
ICC              SEM

Intra rater reliability
ICC                SEM

GroupsPostural angles
(angle)

0.68
0.94

0.85
0.85

0.68
0.82

0.85
0.89

FHP
NFHP

Craniovertebral angle

1.52
1.18

0.90
0.95

1.03
1.15

0.95
0.96

FHP
NFHP

Horizontal alignment of 
the pelvis

1.82
1.59

0.69
0.88

1.13
2.03

0.88
0.80

FHP
NFHP

Lower limb angle

1.70
1.20

0.98
0.99

1.20
1.76

0.99
0.97

FHP
NFHP

Hip joint angle

1.26
0.86

0.82
0.93

0.74
0.79

0.93
0.94

FHP
NFHP

Ankle joint angle

1.35
0.86

0.84
0.94

0.84
1.09

0.94
0.90

FHP
NFHP

Vertical alignment 
of the torso

0.65
0.67

0.85
0.82

0.68
0.60

0.84
0.85

FHP
NFHP

Vertical alignment 
of the body

1.58
1.00

0.89
0.95

1.03
1.26

0.95
0.93

FHP
NFHP

Sagittal alignment 
of the body

FHP group means people with forward head posture (n = 30); NFHP means people without forward head posture (n = 30). Scale for SEM is “degree”.
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with the FHP by Lee et al. (40). Bot et al. also defined a 
compensatory mechanism in lower limbs to control the 
balance in subjects with thoracic kyphosis (41). Salehi et 
al. showed indirect relationships between time to maintain 
static stability and FHP severity in young females (42). In 
this regard, Kang et al. demonstrated that postural stability 
is impaired in long-time computer users with FHP. They 
also reported that long-time computer users have greater 
FHP severity and the more anterior position of the center 
of mass (43). Therefore, the relationships between severity 
of the FHP and trunk and lower limb posture in the FHP 
group may be due to changes in the position of the center 
of mass and possibly there is a compensatory mechanism to 
gain a stable posture as a consequence of the FHP.
Finally, the results of the reliability analysis revealed that 
photogrammetry is a reliable method to assess postur-
al angles in people with the FHP. This study is the first
study that reported the inter- and intra-rater reliability for 
the trunk and lower limb postural angles in subjects with 
the FHP. The amounts of the ICC values ranged from 0.84 
(vertical alignment of the body) to 0.99 (hip joint angle) in 
participants with FHP and are ranged between 0.80 (lower 
limb angle) to 0.98 (head tilt angle) in people without FHP 
for intra rater-reliability. They also ranged from 0.69 (lower 
limb angle) to 0.98 (hip joint angle) in subjects with FHP 
and from 0.82 (vertical alignment of the body) to 0.99 (hip 
joint angle) in people without FHP for inter-rater reliability. 
Our results are consistent with previous studies (44). Photo-
grammetry postural analysis has benefits compared to other 
goniometry and observational methods such as low cost, 
accessibility, reliability, and quantitative usability (45).

Study limitation
One of the limitations of this study was that the posture 
was not analyzed in frontal and horizontal planes. So, the 
postural assessment is better to be performed in frontal and 
lateral views concurrently to better understand the effects 
of postural abnormalities such as the FHP. Considering the 
effect of age on posture, it is suggested to assess the posture 

of people with FHP in different age ranges. We had a limita-
tion in sample size, which seemed not being efficient to 
compare between the two studied groups.

CONCLUSIONS
Our study revealed that the FHP as a habitual postural 
impairment may affect posture of some parts of the body. 
The effects of the FHP severity on body postural alignments 
need more attention in future studies. The static posture of 
the trunk and lower limb posture probably altered in the 
presence of the FHP. Considering the posture of other parts 
of the body in subjects with FHP is important in the assess-
ment and treatment of these subjects.
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