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Abstract: Muscle injuries generally occur in two-joint muscles with a high percentage of
type Il fibers during the performance of eccentric activity. Some muscle injuries, such as those
located in the adductor longus, a monoarticular muscle, as well as rectus abdominis do not
fully comply with these requirements. This study examines five cases of elite handball players
with ruptured rectus abdominals. Sonographically, lesions in rectus abdominis are shown as a
disruption of the fibrillar pattern with a hematic suffusion that invades the entire lesion. In some
of the cases, the ultrasound study was complemented with a MRI. A unified rehabilitation pro-
tocol was applied and the return to play time of each handball player ranged between 16 and 22
days, with an average of 18.2 days. Follow-up at 15 months showed no evidence of re-injury or
residual discomfort and all of them are playing at their highest level. The aim of this study was
to illustrate a feature of handball injury that, as in tennis and volleyball, is uncommon and so
far has not been specifically reported. The phenomenon of contralateral abdominal hypertrophy
in handball appears in the dominant arm as in tennis and volleyball.
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Introduction

The rectus abdominis are paired, strap-like muscles which are separated by a mid-
line band known as the linea alba. Each muscle has two tendinous origins: a medial
head which originates from the anterior surface of the pubic symphysis and a larger
lateral portion which originates from the upper border of the crest. Together, these
constitute the muscle mass which inserts into the fifth, sixth, and seventh costal
cartilages.!

The muscle is crossed by three transverse fibrous bands or tendinous intersec-
tions which blend inseparably with the anterior layer of the rectus sheath. These
are located at the level of the umbilicus, the xiphoid process, and midway between
the two.!

Muscle injuries typically occur in muscles which cross two joints with a high
percentage of type II fibers during eccentric muscle activity.* Some muscle injuries,
such as those occurring in the adductor longus (monoarticular muscle) and the rectus
abdominis itself, however, do not fully meet these prerequisites.® Injuries to the rectus
abdominis were reported some years ago in the context of batting and throwing sports.?
These injuries are thus found in nonarticular and multilaminated muscle, produced by
an eccentric contraction mechanism typical of highly specific sports movements such
as service, smash, or spike in tennis or volleyball.?
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The aim of this study is to illustrate an aspect of handball-
related injury which, as is the case with tennis and volleyball,
is uncommon and has not been specifically reported to date.
This feature is exemplified with five cases of elite handball
players who suffered a ruptured rectus abdominis.

Materials and methods

During the period 2005 to 2008, five cases of acute myo-
tendinous injury to the rectus abdominis were diagnosed
using a Toshiba Xario (SSA660) musculoskeletal ultrasound
machine (Toshiba Medical Systems, Tokyo, Japan) at the
Consell Catala de I’Esport Barcelona (Spain) and underwent
treatment with the medical services provided by their club.
The five cases studied were elite handball players from the
Spanish league and all players were participants in European
competitions. All of the handball players involved in this
study signed an informed consent form and granted permis-
sion for their data to be published.

In addition, 17 asymptomatic elite handball players from
the Spanish national handball team (mean age 24.76 years;
height 190.82 cm; weight 91.18 kg) were recruited to undergo
a sonographic examination of rectus abdominis thickness.
The rectus thickness was thus measured in each player, the
abdominal wall musculature evaluated, and a comparison of
rectus abdominis thickness made on either side by measuring
the distance between the posterior and anterior margins at
maximum thickness level below the umbilical line.

Cases

Case |: Professional handball player,
28 years old, left-handed

During a match, this player created an eccentric contraction
of the rectus abdominis while making a throwing gesture with
the ipsilateral arm. The player suddenly took a shot between
two opponents who were blocking his waist, having overcome
the block with his upper body to throw the ball ipsilaterally.
Ultrasonography was performed 36 hours later and an injury
of 26 mm (long axis) and 12 mm (short axis) observed. The
injury was situated in the deep epimysium, 28 mm below the
umbilical line. Twenty-four hours later, an MRI was performed
which showed a focal high signal consistent with the location
indicated by the ultrasound. Following rehabilitation therapy,
the player resumed sports activities within 17 days.

Case 2: Elite junior handball player,

|6 years old, left-handed

During a match, the player experienced a sudden pain as a
result of the eccentric contraction of the rectus abdominis

muscle while performing a throwing motion with the
contralateral arm. An ultrasound was performed 72 hours
later, which showed a full thickness injury of about 35 mm
(long axis) and 20 mm (short axis), located 10 mm below the
umbilical line. Following rehabilitation therapy, the patient
resumed sports activities within 20 days.

Case 3: Professional handball player,
27 years old, right-handed

During a match, the player experienced a sudden pain as the
result of an eccentric contraction of the rectus abdominis
muscle while performing a throwing motion with the contral-
ateral arm. The natural throwing gesture was abruptly blocked
by an opponent. An ultrasound was performed 36 hours
later which showed an injury of about 35 mm (long axis)
and 20 mm (short axis). The injury was located in the deep
epimysium, 24 mm below the umbilical line. Thirty-six hours
later, an MRI was performed which showed a focal high
signal in a location consistent with the findings obtained by
ultrasound. Following rehabilitation therapy, the player was
able to resume sports activities within 16 days.

Case 4: Professional handball player,
28 years old, left-handed

During training, the player experienced a sudden pain due to
an eccentric contraction of the rectus abdominis muscle as he
performed a throwing motion with the contralateral arm. An
ultrasound was performed 48 hours later which showed an
injury of about 16 mm (long axis) and 10 mm (short axis),
located in the deep epimysium 19 mm below the umbilical
line. Following rehabilitation therapy, the player was able to
resume sports activities within 16 days.

Case 5: Professional handball player,
21 years old, left-handed

During a match, the player experienced a sudden pain due to
an eccentric contraction of the rectus abdominis muscle as
he performed a throwing motion with the contralateral arm.
The natural throwing gesture was abruptly blocked by an
opponent. An ultrasound was performed 48 hours later which
showed a full thickness injury of about 17 mm (long axis)
and 19 mm (short axis), located 14 mm below the umbilical
line. Following rehabilitation therapy, the player was able to
resume sports activities within 22 days.

Sonographic features
In all cases, the sonographic assessment of the injury in
the rectus abdominis consistently presented as a fibrillar
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disruption, hematic suffusion invading the entire lesion. In
addition to the fibrillar defect, edema and hemorrhage were
likewise identified (Figure 1).

Rehabilitation protocol

Although there is no universally accepted functional rehabili-
tation program for this kind of injury according to the existing
literature,* the two clubs in which the rehabilitation program
was carried out followed mutually consistent protocols under
the supervision of the same physician of the Consell Catala
de I’Esport (Barcelona, Spain).

In the initial phase, also known as the inflammatory phase
(from injury time to 72 hours), patients were ordered to refrain
from performing any sports activity and abdominal muscle
activation and were given painkiller medication and an ice
pack. Active work was initiated on day 4 which involved
transverse muscle activation, followed by rectus abdominis
and abdominal oblique muscle work in both the isometric and
internal directions, consistently paying attention to the rule of
discomfort —although not the pain threshold —and subsequently
progressing to full-range amplitude movements and eccentric
muscle contraction. After a week, a three-step rehabilitation
program was established, the phases of which ranged from
jogging to throwing. This was followed by physical therapy
which focused on affected soft tissue areas. By day 5, patients
proceeded to the gradual stretching of the rectus abdominis
and oblique muscles in order to prevent the occurrence of
pain due to the formation of scar tissue (gradually progress-
ing from passive stretching to active tension). Before moving
from one phase to the next, athletes were required to be free
of pain. The pace of progress of active work was set according
to levels of discomfort experienced rather than pain threshold.
In order to ensure appropriate progress, the level of discomfort
experienced by patients was qualified as bearable and ranged
between 5% and 10% of the visual analog scale (Figure 2).

Statistical analysis
In order to proceed to a general assessment of the differ-
ences in the thickness of the different parts of the rectus
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Figure | |6-year-old elite male handball player (case 2). Ultrasound made 4 days
after the lesion. (A) Panoramic view of the injury; (B) Short axis cut shows focal
area of myofibril disruption of full thickness lamina of the rectus abdominis, with
hyperechoic edema.

Figure 2 32-year-old male. (A) Axial T2 WI fat suppression (TR/TE, 5641/48);
(B) coronal T2 WI (3234/75) images show posterior aspect of left rectus abdominis
with focal area of hyperintensity (arrow) compatible with muscle edema, hemorrhage,
and fibril disruption (partial tear).

abdominis, a two-factor analysis of variance with repeated
measurements (depth and dominance) was performed. Levels
were deemed significant when e = 0.05. A Student #-test was
used to analyze the differences between the dominant and
nondominant hands and the Curran-Everett recommendations
used to establish the degree of significance.’

Discussion

There is a current lack of published research devoted to injuries
produced during handball activity. Dirx et al presented a case—
control study on the background of handball injuries among
players aged 12 years or older. These injuries were frequently
located in the lower extremities (54%), especially the ankle. The
majority of injuries involved distortion (35%) and strain (26%),
but none were found to involve the abdominal muscles.®

Seil et al conducted a prospective study which involved 16
handball teams over the course of a season, the aim of which
was to study the incidence of injuries in relation to exposure
during matches and practice. The study found 91 injuries,
with an incidence of 2.5 injuries per 1000 player-hours; 37%
of the injuries involved the upper extremities and 54% the
lower extremities. The knee was the most commonly injured
joint, followed by finger, ankle, and shoulder joints. No injury
to the rectus abdominis muscle was reported.’

Wedderkopp et al presented a prospective study of 22
women’s teams from Denmark, the objective of which was to
implement an intervention program designed to reduce the num-
ber of injuries in young female players in European handball,
with a special emphasis on injuries to the lower extremities.
There was no reference to any injury to the rectus abdominis.®

Langevoort et al analyzed the injuries suffered by hand-
ball players during major international tournaments. This was
therefore the first study to be conducted with elite players. In
a total of six tournaments, 478 lesions were found, the average
incidence being 108 injuries/1000 hours. The injuries most
frequently encountered affected the lower extremities (42%),
followed by injuries to the head (23%), upper extremities
(18%), and trunk (14%).°
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The lack of references found in the specialized literature
on rectus abdominis injuries in handball contrasts with the
knowledge some coaches and senior veteran players have on
the subject. Moreover, as Langevoort et al reported,” several
authors have analyzed the incidence of handball injuries in
amateur players, yet information on handball injuries sus-
tained by top-level players is very limited. As is the case in
tennis and volleyball, lesions of this kind appear to be typical
of elite players, not amateurs.

Rectus abdominis injuries are typically sustained during
the practice of throwing or batting sports and at a level which
implies the potential for injury. Surprisingly, despite handball
being typically associated with sports such as tennis and
volleyball, it is currently poorly referenced in international
literature. A very interesting article by Johnson!® reported
that, anecdotally, abdominal wall injuries are reported as
common, yet epidemiological studies fail to support this
contention. This is particularly true for volleyball,'" where the
majority of epidemiologic articles do not identify abdominal
injury.’>* One article was found which discussed injuries
sustained by professional beach volleyball players and
reported the injury as requiring medical attention even though
no withdrawal from sports activities was needed.'’

Several epidemiological and clinical articles have been pub-
lished on rectus abdominis injury in tennis players.'*'® Eccentric
overload, followed by the forced contraction of the nondominant
rectus abdominis during the cocking phase of the service motion
is the accepted injury mechanism." In this position, injury is
consistently sustained in the contralateral rectus abdominis of
the armed wing, usually at infraumbilical level >

As was the case with tennis,” in our study, the rupture
occurred in the arm contralateral to the shooting arm in all cases
except one (case 1), in which the rupture occurred in the left
rectus abdominis as a shot was taken with the same-side arm.
The special circumstances of the game forced the player to shoot
in a highly lateralized position. In this position, the ipsilateral
rectus abdominis was stretched and an eccentric contraction of
the ipsilateral abdominal muscles created in the releasing arm.

In handball, all cases involved the hyperextension of the
lumbar spine and stretching of the abdominal muscles which
were contracted during the cocking phase of the arm throwing
the ball. Spinal flexion subsequently occurred with a powerful
contraction of all abdominal muscles. The gesture consistently
twisted the spine towards the side presenting the lesion. In
contrast with other sports such as tennis and volleyball,!*!21
handball involves direct contact with the opponent, which
may in some cases entail modified injury biomechanics. In
cases 3 and 5, the players were thus abruptly blocked by an

opponent, and in case 1, the player took a sudden shot between
two opponents who were blocking his waist, forcing him to
correct the direction of the shot, which in turn led to injury
to the shooting arm on the ipsilateral side.

A laterality phenomenon which is typically linked with
tennis involves a marked hypertrophy of the abdominal
muscle on the side contralateral to the dominant arm com-
pared with the ipsilateral muscle.? Connell et al?> found
significant differences in the anteroposterior diameter of the
dominant side (21.2 £ 1.93 mm [SD]) compared with the
nondominant side (28.2 + 1.93 mm). The same abdominal
hypertrophy phenomenon was observed in handball players.?!
In 2009, we were able to use ultrasound to examine 17
handball players from the Spanish national team. Significant
differences were found in the anteroposterior diameter of the
rectus abdominis on either side (Table 1), with the anteropos-
terior diameter measured on the side of the dominant hand
averaging 19.6 + 2.94 mm and 20.9 £ 3.13 mm on the side
of the nondominant hand. These measurements were mark-
edly lower than those provided by Connell et al in their group
of tennis players and showed the diameter measured on the
dominant side to be greater than that of the nondominant side.
The difference was statistically significant (P = 0.002).

The time it took for each handball player to resume play-
ing handball ranged from 16 to 22 days, with a mean time

Table | Anteroposterior diameter comparison of dominant (D)
and nondominant (ND) rectus abdominis in elite handball players

Patient Age Height Weight D ND
number (y) (cm) (kg) (mm) (mm)
| 25 194 98 223 23.2
2 24 195 90 17.5 18.4
3 23 176 75 16.7 18.6
4 21 201 107 20.7 21.8
5 31 178 85 225 239
6 23 184 88 19.6 21.1
7 22 197 107 14 14.3
8 33 192 90 19.9 18.2
9 26 186 76 18.2 19.9
10 32 194 91 18.9 22.7
I 22 195 110 19.3 18.9
12 21 196 88 22.4 239
13 24 194 88 26.8 27
14 22 199 105 21.5 25
15 24 187 8l 17.1 20.9
16 23 186 84 17.8 18.2
17 25 190 87 18.2 20.3
Mean 24.8 190.8 91.2 19.6 21.0
Standard 8.7 9.8
deviation
Pearson’s r 0.89
P =0.002
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span of 18.2 days, a period which was shorter than the 4 to
6 weeks reported by Connell et al? and the 4 to 5 (mean 2.8)
weeks reported by Maquirriain et al.’ This may be due to
the fact that the number of goal shots typically taken when
playing handball is much lower than the number of services
typically involved in a tennis match. In addition, the positions
required to take a handball shot are both different and more
wide-ranging than those observed in the practice of tennis.
Although gradual, the players’ return to normal activities was
very fast. All were able to tolerate the discomfort reported
during the first few days of training with the team and none
were forced to delay resumption of activities. Follow-up
checks carried out at 15 months showed no evidence of
re-injury or residual discomfort.

Lastly, indirect mechanism muscle injuries appear to be
myoconnective in kind.? In tennis players displaying rectus
abdominis muscle rupture, the lesion nearly always affects
the connective posterior plane in the deep epimysium.?!
This fact was also noted in all of the cases involved in
our study.

Conclusion
There is a lack of published research on injuries sustained
during handball practice. The aim of our study was to illus-
trate a lesion which, although rare, is typical of high-level
handball, tennis, and volleyball, and has not been specifically
reported in handball to date. This study examined five cases
of ruptured rectus abdominis muscles in handball players.
The tear occurred in the contralateral shooting arm in 4 of
the cases and all of the injuries where located at infraumbili-
cal level.

In handball, the phenomenon of contralateral abdominal
hypertrophy of the dominant arm was also observed.
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