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Objective: To report abnormal changes in lower leg anterior
compartment pressure in 1 subject who consumed creatine as
a dietary supplement.

Background: The subject received creatine at a dosage of
0.3 g-kg body mass—*-d-* for 6 days, followed by 0.03 g-kg body
mass~*-d-* for 28 days. Thereafter, the subject consumed no
supplement for 21 days. Compartment pressure was measured
pre-exercise and for 15 minutes postexercise after a treadmill
run for 20 minutes at 80% of VO, max before supplementation
and after 6 and 34 days of supplementation.

Differential Diagnosis: Normally, resting anterior compart-
ment pressure is less than 15 mm Hg, whereas postexercise
pressure is below 30 to 35 mm Hg. Creatine supplementation
for 6 days dramatically increased pressure at rest (31 mm Hg)
and at 1 minute (67 mm Hg), 5 minutes (35 mm Hg), 10 minutes
(28 mm Hg), and 15 minutes (26 mm Hg) postexercise. Pres-
sure remained high at rest (35 mm Hg) and at 1 minute (109
mm Hg), 5 minutes (90 mm Hg), 10 minutes (87 mm Hg), and

15 minutes (69 mm Hg) postexercise after 34 days of supple-
mentation.

Treatment: The subject stopped taking creatine for 21 days.
Compartment pressure was measured at rest and after exercise
after 7 and 21 days with no supplementation. Anterior com-
partment pressure decreased after cessation of creatine sup-
plementation. However, pressures were elevated at 7 days
postsupplementation at rest (26 mm Hg) and at 1 minute (112
mm Hg), 5 minutes (58 mm Hg), 10 minutes (40 mm Hg), and
15 minutes (30 mm Hg) postexercise. Pressures at 21 days
postsupplementation remained high at rest (24 mm Hg) and at
1 minute (64 mm Hg), 5 minutes (42 mm Hg), 10 minutes (27
mm Hg), and 15 minutes (27 mm Hg) postexercise.

Conclusion: These data indicate that creatine supplemen-
tation can substantially increase anterior compartment pressure
in the leg.

Key Words: ergogenic aids, phosphocreatine, sports medi-
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measured in 1 healthy, physically active, male subject

(age, 25 years) during and after creatine supplemen-
tation. The subject was not a vegetarian dieter, was not cur-
rently using any prescription medication, had never used an-
abolic steroids, and had a normal resting blood pressure of
139/89 mm Hg or lower; he had not used creatine supplemen-
tation within 3 months of starting the investigation. The sub-
ject had no previous history of lower leg conditions involving
the musculoskeletal, neurologic, or vascular structures. The
subject read and signed an informed consent form and com-
pleted a health history questionnaire in accordance with guide-
lines set forth by the Advisory Committee for Human Exper-
imentation at the University of Kansas.

Q nterior compartment pressures of the lower leg were

DIAGNOSIS

Anterior compartment pressures were measured in the sub-
ject on 5 occasions. For each experimental session, he reported

to the laboratory in a 3-hour postabsorptive state, having re-
frained from exercise for 48 hours and from caffeine, a cohol,
and other potential diuretics for 24 hours before testing. Dur-
ing each experimental session, the subject’s body mass was
measured, and a muscle biopsy was performed (except for 21
days postsupplementation, when no muscle biopsy was per-
formed); the subject then ran on a level treadmill at 80% of
maximal aerobic power for 20 minutes. Anterior compartment
pressure was measured at rest and after the run.

Resting and postexercise compartment pressures were mea-
sured with the subject in a supine position. A towel supported
the knee, with the ankle in a neutral position and the first toe
of the foot pointed vertically.> Anterior compartment pressure
was measured using a Stryker Intracompartment Pressure
Monitor System (Stryker Instruments, Kalamazoo, MI). Rest-
ing pressures were taken when the musculature of the anterior
compartment felt relaxed upon palpation. The point of catheter
insertion into the anterior compartment was 15 cm distal to
the tibial tuberosity and 2 cm latera to the tibia crest.2 A 1-
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Table 1. Vastus Lateralis Adenosine Triphosphate,
Phosphocreatine, Free Creatine, and Total Creatine
Concentrations (mmol-kg-d-m-1t) Before, During, and After
Creatine Supplementation

Before 6d 34d 7 d Without
Supple- Supple- Supple- Supple-
Substance mentation  mentation  mentation  mentation
Adenosine
triphosphate 25.6 24.8 24.6 25.1
Phosphocreatine 75.3 81.3 89.7 87.9
Free creatine 41.5 46.9 48.0 46.2
Total creatine 116.8 128.2 137.7 134.1

cm? area of skin was sterilized with Betadine solution (Purdue
Frederick Co, Norwalk, CT) and anesthetized with 1 mL of
1% lidocaine without epinephrine. The fascia was pierced at
a 30° angle to the long axis of the leg, and the catheter was
directed cephalad at a 45° angle into the muscle belly of the
tibialis anterior and positioned 2 to 3 cm within the anterior
compartment. The pressure monitor was filled with a saline
solution containing heparin (Celsus, Inc, Cincinnati, OH) that
provided a continuous fluid column from the catheter tip to
the transducer. After catheter insertion, the pressure was al-
lowed to stabilize (approximately 30 seconds) and was then
recorded from the digital monitor display. After resting pres-
sure was measured, the catheter was removed, and the subject
began exercising. After a 5-minute warm-up at 50% of max-
imal aerobic power, the exercise intensity was increased to
80% of maximal aerobic power, and the subject ran for 20
minutes. Immediately after exercise, the subject was posi-
tioned as previously described, and the catheter was reinserted.
Pressures were recorded immediately postexercise and every
minute for 15 minutes. The data are reported for the pre-ex-
ercise period and for 1, 5, 10, and 15 minutes postexercise.

Muscle biopsies of the vastus lateralis were performed using
procedures outlined by Bergstrom,3 with suction applied to the
biopsy needle to aid in tissue extraction. The samples were
immediately frozen in liquid nitrogen and stored at —70°C
until analysis. The freeze-dried sample was powdered and an-
alyzed for adenosine triphosphate, phosphocreatine, and cre-
atine concentrations.# Total creatine concentration was calcu-
lated as the sum of the phosphocreatine and free creatine
concentrations.

TREATMENT

The subject received creatine monohydrate (NutraSense,
Shawnee Mission, KS) in tablet form (1 g creatine monohy-
drate and 1.4 g dextrose). He was given creatine for 6 daysin
a loading phase (86.8 kg X 0.3 g-kg body mass1.d-1), fol-

lowed by a 28-day maintenance phase (88.5 kg X 0.03 g-kg
body mass-1.d-1). The subject consumed the supplement in 4
equal doses throughout the day, according to the manufactur-
er's directions. He continued training during supplementation.
After 34 days of supplementation, the subject was withdrawn
from supplementation for 21 days. Muscle biopsies were col-
lected, and anterior compartment pressure was measured at
rest and after exercise before supplementation, after comple-
tion of 6 and 34 days of supplementation, and after 7 and 21
days without dietary creatine supplementation.

CLINICAL COURSE

The subject’s body mass increased from baseline by 1.7 kg
at 6 days and remained elevated from basdline by 1.8 kg at
34 days of supplementation. Body mass decreased by 0.4 kg
after 7 days without supplementation and by 0.7 kg after 21
days without supplementation. As expected, the dietary sup-
plement protocol used in this study was successful in increas-
ing the intramuscular levels of creatine, phosphocreatine, and
total creatine relative to presupplementation levels (Table 1).
Compared with presupplementation levels, phosphocreatine
levels increased by 7.9% at 6 days and by 19.1% at 34 days.
Creatine concentration increased by 13.0% at 6 days and
15.7% at 34 days, while total creatine increased by 9.8% at 6
days and 17.9% at 34 days. No significant changes in muscle
adenosine triphosphate were observed at any measurement
time. Phosphocreatine, creatine, and total creatine levels de-
creased dlightly after 7 days without supplementation. The
subject did not provide a muscle biopsy sample at the 21-day
measurement time.

Compared with presupplementation measurements, creatine
supplementation increased compartment pressure at rest, with
markedly steeper increases in response to exercise (Table 2).
Large increases in anterior compartment pressure were ob-
served after both 6 and 34 days of dietary supplementation.
Compared with presupplementation measurements, increases
were observed at rest and at 1, 5, 10, and 15 minutes post-
exercise. For example, compared with presupplementation
pressure, the resting compartment pressure was increased to
31 mm Hg after 6 days and 35 mm Hg after 34 days of sup-
plementation. After 6 days of supplementation, the subject’s
1-minute postexercise pressure was 67 mm Hg, and after 34
days, the subject’s pressure was 109 mm Hg. The pressures at
5, 10, and 15 minutes postexercise at 6 and 34 days of sup-
plementation were markedly elevated compared with presup-
plementation pressures.

After 7 days without supplementation, resting anterior com-
partment pressure decreased to 26 mm Hg from the 35 mm
Hg recorded at 34 days (Table 2). At 1 minute postexercise,
the pressure was still elevated at 112 mm Hg. For the remain-

Table 2. Anterior Compartment Pressure (mm Hg) Before, During, and After Creatine Supplementation

Time
Before 1 Min After 5 Min After 10 Min After 15 Min After
Creatine Supplementation Exercise Exercise Exercise Exercise Exercise
Before supplementation 15 22 16 16 15
6 d supplementation 31 67 35 28 26
34 d supplementation 35 109 90 87 69
7 d after supplementation 26 112 58 40 30
21 d after supplementation 24 64 42 27 27
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der of the postexercise measurement period, anterior compart-
ment pressures were lower than those measured after 34 days
of supplementation but still much higher than presupplemen-
tation pressures.

Anterior compartment pressure continued to decrease after
21 days without supplementation (Table 2). For example, rest-
ing pressure decreased to 24 mm Hg, while 1-minute postex-
ercise pressure decreased to 64 mm Hg. Similar responses
were observed in the 5-, 10-, and 15-minute pressure mea-
surements.

DISCUSSION

Creatine dietary supplementation has been promoted as a
beneficial ergogenic aid for athletes participating in certain
athletic events. Creatine supplementation is thought to im-
prove athletic performance by increasing intramuscular con-
centrations of creatine and phosphocreatine. The subject ex-
amined in our study had greater muscle phosphocreatine,
creatine, and total creatine content after creatine supplemen-
tation compared with presupplementation content (Table 1).
These data are similar to those reported by Harris et a,> who
observed a 20% increase in phosphocreatine in subjects sup-
plemented with 5 g of creatine 4 to 6 times per day for 1
week. Similarly, Hultman et al® demonstrated that taking 20 g
of creatine per day for 6 days acutely elevated the total crea-
tine content of muscle, and ingestion of 2 g of creatine per
day for 30 days maintained the elevated total creatine concen-
tration.

A decrease in fluid excretion has been observed during the
early phases of creatine supplementation.® A sodium-depen-
dent process that actively transports creatine across the cell
membrane has been documented and may be a factor in the
observed changes in fluid homeostasis.”8 This mechanism al-
lows for the uptake of 1 creatine molecule with 2 sodium
molecules. Severa researchers®11 have reported increases in
body mass of 0.9 to 3.8 kg during the early phases of creatine
supplementation and have suggested that the transport process
is partly responsible for the increase in body mass.

Creatine uptake may contribute to the increased water trans-
ferred into the muscle fiber during supplementation, and as a
result, stimulate a swelling of the muscle fiber.1* Additionally,
the synthesis of new protein throughout the body after the later
phase of supplementation may contribute to an increase in
muscle fiber size.12 Because of the rigidity of the anterior com-
partment of the lower leg, an increase in water content or de
novo protein synthesis in the muscle fiber will likely result in
higher anterior compartment pressures at rest and after exer-
cise.

Three factors should be considered when determining the
presence of abnormally high tissue pressures in the anterior
compartment of the lower leg. These factors include but are
not limited to the geometric dimensions of the interstitial spac-
es, the physical characteristics of the surrounding tissues, and
the total amount of fluid in the cell and the interstitial spaces.13
A normal increase of 20% in tissue volume of the lower leg
compartment during exercise has been documented.1* This av-
erage increase in volume is due in part to increasesin regional
blood volume and transcapillary filtration of intravascular flu-
id.14-16 |f the compartment is unable to accommodate this ex-
ercise-induced increase in fluid volume, pressure rises within
the osteofascial space.l” Any change in muscle fiber size as a
result of creatine supplementation might further limit the space

available for normal increases in anterior compartment pres-
sure. As aresult of this space restriction, fluid within the elas-
tic compartment may begin to shift from the vascular bed of
the capillaries into the interstitial spaces. Capillary blood flow
may be limited by the increased pressures surrounding the ves-
sel, thus leading to ischemia. This effect would be followed
by a resultant decrease in microcirculation,18 limiting function
of the arterial and venous systems and further compromising
nutrient blood flow, tissue oxygenation, and neuromuscular
function and eventually leading to muscle necrosis.1®

Measuring compartment pressures after the specific sport
activity responsible for the increased pressure is the optimal
method for identifying exercise-induced compartment syn-
drome. Pedowitz et a2 published criteria based on intramus-
cular anterior compartment pressures recorded with a dlit cath-
eter before and after exercise in 210 muscle compartments
without chronic compartment syndrome. They recommended
the following diagnostic criteria for abnormally elevated com-
partmental pressures. (1) a pre-exercise pressure of 15 mm Hg
or greater; (2) a 1-minute postexercise pressure of 30 mm Hg
or greater; or (3) a 5-minute postexercise pressure of 20 mm
Hg or greater.2 After creatine supplementation, not only were
the pressures that we observed higher at rest, but the pressures
were substantially increased after exercise. The pressure re-
sponses were extremely elevated during the postexercise pe-
riod after 6 and 34 days of supplementation. The resting and
postexercise pressures were abnormally elevated after 6 days
of supplementation and remained so after 34 days of supple-
mentation. In each instance, the elevated pressures were ob-
served in combination with a prolongation of the duration re-
quired for the pressures to return to pre-exercise levels.
Clinically, the magnitude and duration of the compartment
pressure are critical; if these abnormal pressures remain high,
irreversible tissue damage results, particularly damage of the
peroneal nerve. After 7 and 21 days without supplementation,
the anterior compartment pressure was reduced compared with
the pressure measured after 34 days of supplementation. It is
attractive to speculate that the reduction in pressure resulted
from a decrease in intramuscular creatine supplementation and
a possible loss of muscle fiber size. A decrease in intramus-
cular phosphocreatine and creatine levels after the withdrawal
of creatine supplementation has been reported.® Intramuscul ar
phosphocreatine and creatine levels decreased dlightly after 7
days without supplementation. It is unfortunate that we were
unable to obtain a 21-day, no-supplementation biopsy to eval-
uate the changes in phosphocreatine and creatine levels. This
biopsy may have provided more insight into the relationship
between changes in the intramuscular metabolites and anterior
compartment pressure. Future studies should focus on the re-
lationship between changes in anterior compartment pressure
and creatine supplementation.

Individuals suffering from increased compartment pressures
are expected to complain of lower extremity aching, cramping,
or burning pain and sometimes tightness over the affected
compartment.l” Symptoms resembling these complaints were
noted by the subject after 6 and 34 days of supplementation.
Subjective complaints of tightness and pain in the region of
the anterior compartment during exercise were noted and con-
tinued for approximately 15 to 20 minutes after exercise end-
ed. Consequently, despite the positive performance benefits
that may result from creatine supplementation, the risk of ab-
normally elevating the pressures of the anterior compartment
may contraindicate supplementation in some individuals.
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It is important that medical personnel be aware of this side
effect associated with creatine supplementation. Knowledge of
this adverse effect isimportant in diagnosing those individuals
more susceptible to lower leg injury and should enable the
identification of potentially preventable adverse medical con-
ditions. Stretching, cross-training, slow exercise progression,
and avoiding ballistic movements may minimize the exacer-
bation of present symptoms, and modification of training pro-
grams should decrease the possible occurrence of debilitating
conditions. Additional study of the effects of creatine supple-
mentation on muscle blood flow, muscle function, and nerve
conduction in the anterior compartment of the lower leg should
be performed.
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