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Abstract The purpose of this study was to systematically
review the available evidence on lumbar paraspinal com-
partment syndrome with specific reference to patient
demographics, aetiology, types, diagnosis, clinical features,
and treatment. This was an Institutional Review Board-
exempt study performed at a Level 1 trauma center. A
PubMed search was conducted with the title query: lumbar
paraspinal compartment syndrome. Eleven articles met our
search criteria. Three of the patients with acute paraspinal
compartmental syndrome treated with fasciotomy had a full
recovery and were able to resume skiing after four months.
The aetiology of the onset of lumbar paraspinal compartment
syndrome is broadly divided into acute and chronic. Lumbar
paraspinal compartment syndrome is one of the causes of back
pain with diagnostic clinical features which should be
considered in the differential diagnosis of a patient with low
back pain. Prospective multicentre trials may provide the
surgeon with more insight into the diagnosis and management
of lumbar paraspinal compartment syndrome.

Introduction

von Volkmann [1] first described ischemic muscle necrosis
and compartment syndrome in 1881. Since that time,
compartment syndromes have been reported in nearly every
anatomical area of the extremities (e.g., forearm, calf, thigh,
foot, gluteal region, etc.). The lumbar paraspinal region has
also been reported to be at risk of compartment syndrome.

To the authors’ knowledge, there are no collected data or
published clinical series of lumbar paraspinal compartmen-
tal syndrome. The purpose of this study was to systemat-
ically review the available evidence on lumbar paraspinal
compartment syndrome with specific reference to patient
demographics, aetiology, types, diagnosis, clinical features,
and treatment.

Materials and methods

This was an Institutional Review Board-exempt study
performed at a Level 1 trauma center. A PubMed search
was conducted with the title query: lumbar paraspinal
compartment syndrome. This search yielded ten articles.
Another search of the OVID Medical database was
performed with medical subject headings and keywords
“lumbar paraspinal compartment syndrome,” which yielded
nine articles. One author selected high yield abstracts and
obtained full articles for the review. Studies selected were
original articles that contained one or more case reports of
lumbar paraspinal compartment syndrome. Only articles
written in English were included. A total of eleven articles met
the criteria. Selected articles were analysed for the aetiology,
types of lumbar paraspinal compartment syndrome, clinical
features, diagnosis, and treatment. Relevant information
regarding gender, average age, aetiology of compartment
syndrome, types of compartment syndrome, distinctive
clinical features, and treatment were carefully extracted.

Results

Eleven articles met our search criteria, of which nine [2–10]
focused on acute lumbar paraspinal compartment syndrome
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in ten patients, and two [11, 12] on chronic lumbar
paraspinal compartment syndrome in eight patients. Table 1
illustrates a classification system for lumbar paraspinal
compartment syndrome. All studies were retrospective case
reports; there were no large series or prospective rando-
mised studies. Ten articles reported the age and gender of
the patients. Ten of the eleven (91%) patients were males,
and the average age was 39 years (range, 24–67 years) for
each type. Table 2 illustrates the demographics of acute
lumbar paraspinal compartmental syndrome.

Aetiology

Our review revealed that acute syndrome was predomi-
nantly due to three different aetiologies. Five patients had
an atraumatic acute syndrome following either downhill
skiing (three patients), [2, 3, 5] surfboarding (one patient)
[4], or weight lifting (one patient) [4]. One patient had a
direct injury to the paraspinal muscle [9] and three patients
developed acute syndrome following non-spinal surgery
such as aortic bypass and gastric bypass [6–8]. One patient
was reported to have abused isotretoinoin, cocaine, and
testosterone [10]. One patient who developed chronic
syndrome was a professional weight lifter [12]. One case
report on chronic syndrome did not comment on the
aetiology of the chronic syndrome [11].

Diagnosis

Clinical features

All patients with acute lumbar paraspinal compartment
syndrome had distinctive clinical features to establish a
clinical diagnosis (Table 3). All presented with excruciating
low back pain with or without radiation within 12 hours of
the incident [2–4, 6, 8], but without prior history of such
pain. On examination, all patients had localised tender-
ness over the paraspinal region with a board-like
rigidity of the paraspinal region. Abdominal sounds
were absent or diminished in all, with or without deep
abdominal tenderness on palpation. Localised loss of
sensation over the paraspinal region was found in all

patients and was considered as pathognomonic of the
acute syndrome. Only one patient [3] had evidence of
motor involvement in the form of atrophy of the
abdominal and paraspinal muscles. None of the patients
had any form of neurological abnormality in the legs.
Diagnostic criteria for acute lumbar paraspinal compart-
ment syndrome are shown in Table 4.

Patients with chronic exertional lumbar paraspinal
compartmental syndrome had certain features which differ-
entiated them from the acute syndrome patients (Table 5).
These patients typically had no symptoms at rest; however,
they experienced severe back pain on exertion which was
relieved with extension but made worse with flexion. These
patients had no history of previous spinal trauma or
localised neurological manifestations. All had normal range
of motion of the spine. None of the reports on chronic
lumbar paraspinal compartment syndrome delineated a
specific time frame for the onset of symptoms; however,
patients experienced back pain on repetitive exertion.

Laboratory findings

Patients with acute lumbar paraspinal compartment syn-
drome presented with evidence of rhabdomyolysis. Creat-
inine phosphokinase was elevated to above 5000
international units/liter (IU/L) (range, 5000–82,000), serum
glutamic-oxaloacetic transaminase (SGOT) was elevated
(mean, 150 IU/L), and serum and urine myoglobin was
reported in all patients. Three patients (30%) had progres-
sive elevation of creatine phosphokinase (CPK) and
myoglobin over 48–72 hours after the onset of pain, whilst
in seven patients these parameters gradually decreased over
48–72 hours. In six patients who had magnetic resonance
imaging (MRI) of the paraspinal region, homogenous signal
changes in T2-weighted image resembling paraspinal
oedema were noted. Intramuscular compartmental pressure
(IMR) was measured in three of the ten patients. In seven
patients, IMR was not done at the time of initial evaluation
because the compartment syndrome was not recognised as a
possible cause of the symptoms. The IMR range was 70–
80 mm Hg (normal, 3.1–7 mm Hg).

Patients with chronic exertional compartment syndrome
had normal blood studies. However, the intramuscular

Table 1 Classification of
lumbar paraspinal compartment
syndrome

Classification type Description

Type I Acute lumbar paraspinal compartment syndrome

Subtype A Atraumatic acute compartment syndrome—downhill skiing, surf boarding,
weight lifting

Subtype B Direct trauma to the paraspinal muscles

Subtype C Secondary to non-spinal surgery—aortic bypass and gastric bypass surgery

Type II Chronic exertional lumbar paraspinal compartment syndrome
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compartment pressure was elevated in all eight patients and
ranged from 70–80 mm Hg. Konno et al. [11] reported that
seven of eight patients with chronic exertional lumbar
paraspinal compartment syndrome had a typical waxing
and plateau pattern of pressure changes with the onset of
back pain.

Treatment

The initial management in all patients with acute syndrome
was aimed to control pain and rhabdomyolysis by admin-
istration of crystalloid fluid infusions, analgesics, urine
alkalisation, and bed rest. Three of these patients (30%) [3,
4, 7] who continued to develop severe rhabdomyolysis after
48–72 hours underwent fasciotomy. All patients with
chronic syndrome underwent fasciotomy.

Outcomes

Three of the patients with acute paraspinal compartmental
syndrome treated with fasciotomy had a full recovery and

were able to resume skiing after four months [3, 4, 7]. The
seven patients who were treated conservatively resumed
their physical activity after six months, but with mild
chronic back pain on vigorous exertion [5, 8–10]. Patients
who underwent fasciotomy for chronic paraspinal syn-
drome resumed their work activities without any difficulty
after four to six months.

Discussion

The aetiology of the onset of lumbar paraspinal compart-
ment syndrome is broadly divided into acute and chronic.
Among the ten patients with acute lumbar paraspinal
compartment syndrome, five had an atraumatic acute
syndrome (Type I-A) following downhill skiing (three
patients) [2, 3, 5], surfboarding (one patient) [4], or
unconditioned weight lifting (one patient) [4]. One patient
had a direct injury to the paraspinal muscle (Type I-B) [9]
and three patients developed acute syndrome following
non-spinal surgery such as aortic bypass and gastric bypass

Table 2 Demographics of acute
lumbar paraspinal compartment
syndrome

*Type I (A, B, C);
Type II – Based on classification
of lumbar paraspinal
compartment syndrome

Author Year Number of patients Sex Age Aetiology Type*

Carr et al. [2] 1985 1 Male 24 Downhill skiing I-A

DiFazio et al. [5] 1991 1 Male 27 Downhill skiing I-A

Sava et al. [9] 1999 1 Female 43 Direct trauma I-B

Osamura et al. [7] 2000 1 Male 67 Aortic bypass I-C

Kitajima et al. [4] 2002 1 Male 25 Surfboarding I-A

Ferreira et al. [6] 2003 1 Male 55 Aortic bypass I-C

Khan et al. [3] 2005 1 Male 35 Downhill skiing I-A

Haig et al. [8] 2009 2 Male 57 Aortic bypass I-C

Male 34 Gastric bypass I-C

Wik et al. [10] 2010 1 Male 30 Weight lifting I-A

Table 3 Diagnosis of acute lumbar paraspinal compartment syndrome

Author Back
pain

Localised sensory loss
paraspinal region

Absent bowel
sounds

Motor symptoms Intramuscular
pressure (mm Hg)

CPK
(IU/L)

Treatment

Carr et al. [2] + + + - - 5,465 Conservative

DiFazio et al. [5] + + + - 60,000 Conservative

Sava et al. [9] + + + - - 10,581 Conservative

Osamura et al. [7] + + + - - 7,975 Fasciotomy

Kitajima et al. [4] + + + - 14-16 21,440 Fasciotomy

Ferreira et al. [6] + + + - - 25,000 Conservative

Khan et al. [3] + + + Atrophy of
paraspinal muscle

44 (R) 59,863 Fasciotomy
26 (L)

Haig et al. [8] + + + - - - Conservative

Wik et al. [10] + + + - 150(R) 82,000 Conservative
20 (L)

R right paraspinal muscular compartment, L left paraspinal muscle compartment, CPK creatinine phosphokinase
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(Type I-C). The chronic lumbar paraspinal compartment
syndromes were caused by chronic exertion (Type II).

Cadaveric dissections of the lumbar region clearly
identify a well-developed compartment of posterior spinal
muscles encased by the posterior and middle layer of the
lumbodorsal fascia [2, 13]. The posterior layer divides the
intrinsic (paraspinal) from the extrinsic (upper limb and
serratus posterior) muscles of the back. The posterior layer
is composed of two clearly distinct superficial and deep
layers that encompass the iliocostalis, longissimus, and
multifidus muscles [2, 13, 14]. Fascial continuity of the
posterior layer exists with the latissimus dorsi superiorly
with that of the superficial layer with the fascia in the dorsal
spine, and inferiorly with its extensive attachments to the
gluteus medius and maximus and the sacrum and ilium.
Based on the fascial continuity, it appears that the posterior
layer acts as an intermediary for transmission of mechanical
forces between the upper and lower limbs, the right and left
sides of the body, and the abdominal walls and spine [15].
Peck et al. [16] demonstrated the connections of the

posterior layer from the occiput to the sacrum by injecting
dye and staining the paraspinal muscles including the
multifidus, splenius cervicis, and capitis muscles.

Muscle traction studies by Bogduk and MacIntosh [17]
described the presence of "posterior accessory ligaments"
which are bands of thick fascia in the deep layer that pass
laterally from the lumbar spinous process between L2 and
L5 to the posterior superior iliac spine and lateral raphe,
lying posterior to the quadratus lumborum muscle. It has
been postulated [13] that these accessory ligaments may
semi-compartmentalise the paraspinal muscles, particularly
the multifidus, which increases the chances of development
of unilateral or bilateral paraspinal compartment syndrome
in response to an insult. Vleeming et al. [15] described the
"foreclosure of sacroiliac joint”, which is a displacement of
the deep layer up to L5-S1 as load transfer occurs across the
sacrotuberous ligaments, leading to increased pressure
within the compartment.

The posterior layer of the lumbodorsal fascia resists
maximum flexion movements of the spine [2]. Three
different mechanisms are hypothesised by which the
posterior layer resists these moments. The first is by
maintaining a passive tension in the posterior ligamentous
system including the posterior layer [18, 19]. The second
mechanism involves the obliquely-directed fibres of the
posterior layer which may tighten on contraction of the
attaching muscles such as the transverse abdominis, internal
oblique, latissimus dorsi, and gluteus maximus [18–22].
Based on cadaveric studies [17–21], the orientation of the
superolateral fibres is more vertical than the inferolateral
fibres. This creates an asymmetric lattice within the
superficial lamellae of the posterior layer which may
increase the maximum extensor moment generated within
this layer from contraction of the paraspinal muscles that
occurs during downhill skiing or surfboarding. The third
mechanism involves muscle contraction. Gracovetsky et al.

Table 4 Diagnostic criteria
for acute lumbar paraspinal
compartment syndrome

Criteria/Description

1. Excruciating localised back pain following an inciting event such as downhill skiing,
direct trauma or post-surgery. Pain increased on flexion and relieved on extension

2. No prior history of back pain

3. Clinical features:

(i) Bilateral or unilateral paraspinal muscle board like rigidity

(ii) Hypoactive bowel sounds with diffuse abdominal tenderness

(iii) Localised sensory loss in the paraspinal region with or without localised muscleatrophy

4. Investigations:

(i) Elevated CPK (more than 2,000–40,000)

(ii) Elevated SGOT

(iii) Urine myoglobinuria

(iv) Elevated intramuscular pressure – approximately 70–80 mm Hg

(v) MRI – Homogenous increase in signal intensity in T2 within the compartment

Table 5 Diagnostic criteria for chronic lumbar paraspinal compart-
ment syndrome

Diagnostic criteria

1. No symptoms at rest. Pain on exertion such as exercise

2. No prior history trauma to the spine

3. Clinical features:

(i) Normal range of motion

(ii) Improvement of pain on extension during exertion

(iii) No neurological deficits

4. Investigations:

(i) Elevated intramuscular pressure and muscle relaxation pressure

(ii) Normal CPK, SGOT

(iii) Negative MRI
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[18] suggested that by tightly enclosing the paraspinal
muscle in a compartment, the posterior layer increases the
effectiveness of the contraction by limiting radial expan-
sion, termed "the hydraulic amplifier effect." Hukins et al.
[23] indicated that the thoracolumbar fascia may increase
the effectiveness of the paraspinal muscles by approximately
17–30%. This finding is supported by the anatomical and
physiological studies of Carr et al. [2] which show that a slow
increase in the effectiveness with sustained contraction of the
paraspinal muscles leads to development of compartment
syndrome. A similar type of strain occurs during lifting
heavy weights.

The thoracolumbar fascia is able to alter its thickness
based on the stresses incurred [24]. The posterior layer of
the fascia has been reported to stiffen (resist deformation)
with successive loading [24]. In the leg, fascial thickening
is associated with chronic compartment syndrome in
response to loading [25, 26]. According to Farfan et al.
[27], adaptive fascial thickening has been noted in the
posterior layer based on comparative anatomical observa-
tions with other anthropoids. This finding forms the basis
for various exercise regimens to treat low back pain by
adaptive strengthening of the posterior layer and muscles.

The use of isoretinoin and cocaine was reported in one
patient with acute lumbar paraspinal compartmental syn-
drome [10]. There have been case reports of muscle
damage and rhabdomyolysis after the intake of isotretinoin
[10, 22, 28, 29]. Other agents that have been associated
with muscle damage include excessive alcohol consump-
tion, intramuscular injection of anabolic steroids, and
cocaine [10, 30, 31]. There is no clear association between
substance abuse and the development of lumbar paraspinal
compartment syndrome.

The pathophysiological mechanism involved in the
development of lumbar paraspinal compartment syndrome
during aortic bypass and gastric bypass may be due to
hypoperfusion or occlusion of the lumbar arteries from
aortic clamping and ligation of the aneurysmal sac. This
ischaemic insult may lead to swelling and necrosis of the
paraspinal muscle that subsequently increases the compart-
ment pressure, further leading to rhabdomyolysis from
compartment syndrome and also to reperfusion injury that
occurs upon clamp removal.

All patients with acute lumbar paraspinal compartment
had specific features that differentiated this diagnosis from
other causes of back pain. All patients had superficial
paraspinal sensory loss and absent bowel sounds. This
combined with intact neurological signs may be pathogno-
monic in the early diagnosis of this syndrome. A disc
herniation could cause paraspinal sensory loss, but substan-
tial overlap of multiple levels may not be possible with a
single level lesion. In addition, in the context of multiple
level involvement of the spine as in spinal stenosis, isolated

paraspinal sensory loss is highly unlikely as it is usually
associated with sensory loss in the legs. An apparent
entrapment syndrome of the lumbar dorsal ramus or a
selective dorsal neurotomy does not affect the sensation of
the paraspinal region. Absent bowel sounds may be due to
the development of paralytic ilieus due to a biochemical
abnormality from rhabdomyolysis. Table 4 illustrates the
diagnostic criteria for the diagnosis of acute lumbar para-
spinal compartmental syndrome.

Patients with chronic lumbar paraspinal compartment
syndrome had typical features of exaggerated low back pain
on exertion. They were asymptomatic at rest and had a
normal range of motion of the spine. All patients had
normal neurology on initial examination. Table 5 illustrates
the diagnostic criteria for the diagnosis of chronic lumbar
paraspinal compartment syndrome.

Although compartment syndrome has many aetiologies,
the underlying basic pathology is an elevated intracompart-
mental pressure. Measurement of a baseline intramuscular
pressure of the paraspinal compartment is an objective
technique of diagnosing compartment syndrome [2, 11, 32,
33]. The intramuscular pressure can be measured using a
microtip fibre optic catheter transducer [11, 34] or a micro
capillary infusion method [32, 33, 35]. The resting pressure
varies considerably based on the posture and valsalva
pressure [2]. Songcharoen et al. [35] measured the baseline
resting intramuscular pressure as 3.11 mg Hg in the prone
position, 7.95 mm Hg in the sitting position, 5.21 mm Hg at
rest, and 4.47 mm Hg in the standing position which were
comparable to pressures in the other muscular compartments
in the body [17, 35]. The increase in intramuscular pressure
during sitting corresponds to the increase in intradiscal
pressure as described by Nachemson et al. [36]. The para-
spinal compartmental pressure was found to be only slightly
elevated on maximum flexion [35]. The explanation for this
decreased or no compartmental pressure in this position was
explained by Carr et al. [2] as the spine hangs from its
ligaments or by other muscle groups on forward flexion. In
patients with both acute and chronic lumbar paraspinal
compartment syndrome, the intramuscular compartmental
pressure was found to range from 70 to 150 mm Hg.

Konno et al. [11] described four different patterns of
intramuscular pressure changes in patients associated with
back pain. Patients with clinical suspicion of lumbar
compartmental syndrome demonstrated a waxing pattern
(pressure increased at the onset of back pain and continued
to increase thereafter) or a plateau pattern (pressure
increased when back pain developed and remained con-
stant) of intramuscular pressure changes within the erector
spinae with the onset of back pain. In addition, spinal
alignment changed from lordosis to kyphosis, which
increased the intramuscular pressure and decreased the
blood flow [11].

International Orthopaedics (SICOT) (2012) 36:1221–1227 1225



Measurement of intramuscular pressure in the erector
spinae during and after isometric and concentric exercise,
as well as estimating the muscle relaxation pressure, is
more relevant in the diagnosis of chronic lumbar paraspinal
compartment syndrome. Physiological studies [32] have
shown an increase in the volume of skeletal muscle up to
20% during heavy exercise. It has also been demonstrated
that the muscle relaxation pressure is directly proportional
to the volume load in other muscular compartments [32,
33]. Styf [32, 33] reported the mean muscle contraction
pressure of the paraspinal compartment was 175 mm Hg.
The relaxation pressure increased from 8.5 to 14 mm Hg
during an exercise stress test and the intramuscular pressure
fell to pre-existing levels before exercise within six
minutes. Thus, the measurement of muscle relaxation
pressure during exercise and intramuscular pressure after
exercise is useful in the diagnosis of exercise-induced
chronic lumbar paraspinal compartmental syndrome.

MRI findings in acute lumbar paraspinal compartment
syndrome were striking and uniform in the six cases
reported [3, 7–10]. All patients had increased signal
intensity on T2 weighted images, mimicking the presence
of paraspinal oedema. Follow-up MRI in all patients
showed some form of atrophy of the paraspinal muscles
when compared with the other musculature. This atrophy
was reported to be more evident in patients who had
conservative management for acute syndrome.

Based on the available evidence and the trend towards
good functional recovery following fasciotomy, it appears
that all patients should be treated surgically. Patients treated
conservatively returned to baseline function within four to
six months; however, they tended to have chronic back pain
on exertional activities. Even so, initial conservative
measures should include administration of crystalloid fluid
infusions, analgesics, urine alkalisation, and bed rest to
avoid the development of full blown rhadomyolysis and
acute renal failure.

Our study represents the first systematic review of
lumbar paraspinal compartmental syndrome. Even though
the review is based on existing evidence of paraspinal
compartment syndrome, this opens an array of questions on
patients with low back pain with no anatomical abnormality
in whom measurement of intramuscular compartmental
pressure may be detrimental in identifying the cause of
pain. Our study is limited to a small number of patients
available in the literature.

Conclusion

Lumbar paraspinal compartment syndrome is one of the
causes of back pain with diagnostic clinical features which
should be considered in the differential diagnosis of a

patient with low back pain. A thorough clinical examina-
tion and MRI aid in the diagnosis. Measurement of
paraspinal compartment pressure is an option when
clinical and imaging evaluations are inconclusive.
Conservative measures are the first line of management
and include opioids for pain control and treatment of
rhabdomyolysis. As in other muscular compartments of
the body, the basic trend is to surgically decompress the
compartment as early as possible to avoid long-term
functional sequelae. Prospective multicentre trials with
clear delineation of the types may provide more insight
into the diagnosis and management of lumbar paraspinal
compartment syndrome.
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