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Practical ly any spinal  deformity , 
irrespective of the etiology, may be 
followed by a conflict between the walls 
and the contents of the spinal canal. It 
may arise at a certain stage of pathogeny. 
Conversely, this conflict is fraught with 
the neurological symptoms of varying 
degrees of intensity: from minimal 
disorders in the sensory and motor 
areas to paraplegia. The classic paper by 
Scheuermann [1] has allowed specialists 
to recognize the presence of a special 
nosological unit, which is named after 
the Danish orthopedist and radiologist 
who characterized it. Scheuermann’s 
disease is detailed clinically and 
radiologically. Its incidence and course 
are well known [2]. However, we still 
do not fully understand the etiology 
of Scheuermann’s disease [3], and its 
treatment (primarily surgical) strategy 
has undergone significant changes over 
the years [4]. The voluminous literature 
is devoted to this disease. Only in the 
Scopus database there are more than 800 
publications. Few of them are dedicated 
to the neurological complications 
accompanying the development of 
Scheurmann’s disease .  Moreover, 
the majority of the publications are 

descriptions of single (maximum – 6) 
clinical observations. The aim of our 
review is to give a comprehensive picture 
of the solution in terms of the world 
literature.

The spinal deformity with neurologic 
impairments is first mentioned in 1888 
[5]. Nevertheless, this description does 
not refer to Scheuermann’s disease. The 
works of Scheuermann [6] and Sorensen 
[2] do not mention the authors ‘ own 
findings of Scheuermann’s disease with 
neurological deficits, though they have 
treated more than 120 patients. It was 
Kienbock who in 1936 first described the 
condition in a 19-year-old shoemaker 
with Scheuermann’s disease and spas-
tic paraplegia [7]. The myelogram clear-
ly showed the block. The diagnosis was 
confirmed during the surgery. Sorensen 
emphasised how this complication may 
develop in patients with moderately 
severe kyphosis. Sorensen [2] analyzed 
the few available literature data at that 
time and distinguished three causes for 
the neurological symptoms in patients 
suffering from Scheuermann’s disease. 
They are the following: spinal cord com-
pression at the kyphosis apex associated 
with deformity of the anterior wall of 

the spinal canal, intervertebral disc her-
niation, and spinal epidural cyst. We sug-
gest that each of these pathoses requires 
detailed consideration.

The pathogenesis of myelopathy 
associated with spinal cord compres-
sion by the wall of the deformed spinal 
canal is detailed by Lonstein et al. [8]. 
These authors introduced a group of 43 
patients suffering from spinal deformi-
ties of various etiologies (Scheurmann’s 
disease – in two) and neurological symp-
toms of varying severity. We quote: “In 
cases of gross kyphosis, the spinal cord 
is stretchable over a bony shelf formed 
on the anterior wall of the spinal canal, 
choosing the shortest path through the 
deformity area. At the same time, the spi-
nal cord is tightly attached to the dorsal 
surface of the vertebral bodies. Addition-
ally, the spinal cord is constricted from 
behind by the dura mater (DM). The lat-
ter is fixed to the base of the skull and 
to the sacrum and is characterized by 
low elasticity. When the spine is flexed, 
its dorsal portion is stretched. When 
the flexion increases, particularly if the 
kyphosis is angular, the tension of the 
dorsal portion of the DM grows, press-
ing the spinal cord against the posterior 
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surface of the bodies of the apical ver-
tebrae. If the dura mater is incised and 
left in this condition, the pressure on the 
spinal cord decreases. By this means, the 
improvement can be noted after lami-
nectomy and dura incision. The combi-
nation of spinal cord compression and 
dural sac traction has an adverse effect 
on the blood supply to the compro-
mised spinal cord. The blood supply to 
the spinal cord, the role of which in the 
compression of the latter is well known, 
was characterized by Dommisse [9]. He 
emphasized its segmental nature and the 
occurrence of anastomoses in the area of 
the intervertebral foramina. Compression 
and tension of the spinal cord results 
in venous obstruction. The more pro-
nounced the obstruction, the lower the 
blood flow. Hypoxia leads to the disor-
der of the spinal cord function and the 
development of the corresponding neu-
rological symptoms” [8].

 We managed to find a description 
of 11 cases of spinal cord compression 
(Table 1), verified during presurgical 
examination or during the interference.

It should probably be considered 
the first report of the American military 
doctors Gulledge and Brav [10], who in 
1950 told about a common soldier of 
the US Army aged 21 years, who had a 
week feeling in his legs when perform-
ing “about-face” command. The exami-
nation showed thoracic gross kyphosis, 
the X-ray - a typical aspect of Scheuer-
mann’s disease (Fig. 1), but the diagnosis 
(old healed vertebral osteochondrosis) 
raises eyebrows. Bradford and Garcia 
[11] also regard this case as a common 
juvenile kyphosis. From the neurologic 
point of view, it can be defined as a lower 
spastic paraplegia. The treatment course 
included complete bed rest in the posi-
tion of thoracic spine extension (without 
any improvement), followed by surgi-
cal intervention. Laminectomy was per-
formed throughout T7–T10 vertebrae; 
the dura mater was dissected longitu-
dinally and transversely on three levels. 
The spinal cord was released, plastic sur-
gery of the dura defect was performed 
using polyethylene. After a significant 
regression of neurological symptoms, a 
common soldier was discharged from 

the army after 9 months due to residual 
weakness and spasticity.

In the above-mentioned review, Lon-
stein et al. [8] described the treatment 
of two patients suffering from Scheuer-
mann’s disease. Forty two out of 43 
patients had kyphotic deformity with 
an average Cobb angle of 95°. Yet the 
authors did not indicate the magnitude 
of kyphosis in particular patients. Both 
individuals with Scheuermann’s disease 
have inflammatory complications, which 
were cut short without any consequenc-
es. Generally, the best results were found 
in patients undergoing deformity and 
spondylitis correction surgery without 
opening the lumen of the spinal canal 
(in the presence of mobile deformity), 
and the worst - after laminectomy. The 
best results in rigid kyphosis are achieved 
by anterior decompression of the spinal 
canal contents.

Ryan and Taylor [12] published three 
findings on the development of acute 
spinal cord compression. The patients 
were young (14, 18, and 20 years old), 
and the kyphotic deformities were small 
(56°, 47°, and 58°). The compression of 
the spinal cord, according to myelog-
raphy, occurred at the deformity height, 
which resulted in the development of 
spastic paraparesis. Anterior decompres-
sion of the dural sac was performed in all 
cases, resulting in a significant regression 
of neurological symptoms. Risk factors 
were Cobb angle, number of segments 
involved, degree of increase in deformity 
(progression), local anatomic conditions, 
injury, and secondary impairment of spi-
nal cord vascularization.

Normelli et al. [13] reviewed the lite-
rature data (16 cases describing spinal 
cord compression in Scheuermann’s di-
sease) and updated them with their own 
observations. Main frameworks: there 
are more men, they grow longer, kypho-
sis develops faster; there is no clear cor-
relation between the severity of neuro-
logical symptoms and the magnitude of 
kyphosis; unlike other types of deformi-
ties, the apex of the deformity is on aver-
age in the area of the T9 vertebra, dorsal 
decompression is ineffective.

Kapetanios et al. [14] showed a case of 
complete recovery, with very fast recov-

ery (2 months), in a 14-year-old patient 
who had developed lower spastic para-
plegia a week before admission. Anterior 
decompression and spinal fusion were 
applied, followed by posterior instru-
mental fixation. There was no correla-
tion between the severity of neurological 
disorders and the magnitude of kyphosis. 
It is more likely to develop complications 
with gibbus than with arcular kyphosis. 
Risk factors: reduced blood circulation, 
narrow thoracic spinal canal, rather mas-
sive discs in young patients, the absence 
or small number of Schmorl’s nodules 
(decompression of the disc space).

Putz et al. [15] operated a 15-year-old 
patient with progressive paraplegia who 
had hypoplasia of the spinous processes 
and paraspinal muscles in the upper tho-
racic spine. The authors assumed that the 
underdevelopment of the posterior spi-
nal and paraspinal structures in the pres-
ence of an injury in the anamnesis and a 
small length of kyphotic deformity may 
be the foundation for the rapid develop-
ment of neurological symptoms. Surgical 
treatment was effective.

Seriali et al. [16] reported a case of 
juvenile kyphosis in a 14-year-old patient 
with symptoms of pyramidal insufficien-
cy. Immobilization was done using a plas-
ter jacket in the position of spinal defor-
mity correction. The pain disappeared 
immediately, and the neurological symp-
toms resolved after three weeks. Yet, 
after 4 months, the pain and neurologic 
deficit returned. Due to the presence of 
compression signs of the dural sac, an 
interbody fusion surgery of T4–T10 was 
performed. After 18 months, a pseudoar-
throsis of the bone block and an increase 
in kyphotic deformity with compression 
evidence of the spinal cord were diag-
nosed. Posterior fixation with CDI and 
correction of kyphosis were carried out. 
After 8 years, there is no pain and the 
neurological status is stable.

M.V. Mikhailovsky et al. [17] analyzed 
the treatment outcomes of a 17-year-
old patient with typical juvenile kypho-
sis. Neurologically: the brisk of tendon 
reflexes from the legs; there are foot clo-
nus in the vertical position during the 
traction test, grosser on the left. There 
were no negative changes after the sur-
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gery. The reason for the development of 
neurological symptoms was the magni-
tude (87°) and the progression rate of 
kyphotic deformity.

The data collected in the cumulative 
table shows that all the patients were 
young (from 14 to 21 years), while all 9 
patients whose gender is known were 
men. The magnitude of the Cobb angle 
of kyphotic deformity is known only in 
six cases: it was averaged at 58.8° (28–
87°). Such kyphosis can be called severe 
only with a long stretch. The position of 
the kyphosis apex ranges from T5 to T9. 
It means that it is limited, and the length 
of the curvature varies from three to 
six segments. The development time of 
neurological symptoms was from one to 
six months. During this time, in 10 cas-
es out of 11, lower paraparesis or even 
paraplegia was developed. Five patients 
had pain syndrome. One patient did not 
suffer from it. The data concerning the 
rest of the patients is not available. All 
the patients underwent surgical treat-
ment. The laminectomy was used only 
twice. In the first case, there was an 
improvement (the follow-up period was 
9 months), in the other – worsening of 
the symptoms, which required repeated 
intervention. The last one was successful. 

In the remaining cases, different variants 
of spinal cord decompression and effec-
tive stabilization were used, which result-
ed in full or very significant recovery of 
lost functions within a timeframe of six 
months to five years.

Herniated thoracic intervertebral 
discs are very rare (this is not only about 
Scheuermann’s disease). According to 
Court et al. [18], it is 1 case per 1,000,000 
population. They are most often detected 
in patients aged 30–50 years, with an 
even gender distribution. In 75 % of cases, 
hernias are localized at the level of T7–
T8 disc; another preferred localization is 
T11–T12, due to increased mobility and 
a relatively weak posterior longitudinal 
ligament in the area of this segment.

A peculiarity of herniated thoracic 
intervertebral discs is their tendency to 
calcification or even ossification. Accord-
ing to Quint et al. [19], the hernia calcifi-
cation was found in 42 % of 168 operated 
patients. There is no data on the mecha-
nism of calcification. The cases of self-
existing regression of neurological symp-
toms of such hernias are described. An 
injury can be a triggering factor in up to 
37 % of cases of herniated thoracic inter-
vertebral discs. Court et al. [18] empha-
size that the development of herniated 
thoracic intervertebral discs is typical 
for patients with Scheuermann’s disease. 
Such hernias can reach large sizes. Hott 
et al. [20] defined the hernia as a giant, 
if according to CT or MRI, it takes more 
than 40 % of the spinal canal lumen. In 
such cases, calcification of the hernial 
contents is often noted. The volume and 
morphological changes in the disc tis-
sue increase the risk of their intrusion 
through thinned and eroded dura. The 
frequency of this complication for giant 
calcified hernias varies from 15 to 70 %, 
and it is found only during surgery. Ossi-
fication of the posterior longitudinal liga-
ment at the hernia level is likely to be 
detected radiologically and can imitate a 
calcified hernia [21].

The clinical course of the process is 
usually progressive. The diagnosis is con-
firmed on average 15 months after the 
first symptoms appear. The main man-
ifestation is pain in the thoracic spine 
(92 %). The other, rarer, symptoms are: 

pain in the cervical and lumbar regions, 
in the area of the shoulder blades, head-
aches, radicular pain, and Horner syn-
drome. If the spinal cord is compressed, 
sensory and motor disorders develop, 
corresponding to the level of the involve-
ment. Their development may be sud-
den, as a result of injury. In rare cases, 
occlusion of the anterior spinal artery 
is manifested by symptoms of transient 
or permanent paraplegia. The following 
reasons determine the weakness of the 
thoracic spinal cord [21]:

– a possible intradural sprain of the 
spinal cord, leading to its compression;

– thoracic kyphosis, pressing the spi-
nal cord to the anterior wall of the spi-
nal canal;

– odontoid ligaments that limit its 
mobility;

– large size of the spinal cord (6.5 × 
8.0 mm) relative to the size of the spinal 
canal (16.8 ×17.2 mm),

– low vascularization of the spinal 
cord in the thoracic area.

Preoperative imaging. 
Conventional spondylograms are 

most informative in the presence of 
calcified and ossified hernias. Accurate 
identification of the affected segment is 
available using MRI and CT, as well as the 
nature of the hernia, its position in the 
lumen of the spinal canal and volume. 
While planning a surgery, angiography is 
useful for identifying the Adamkiewicz 
artery, the largest of the anterior medul-
lary arteries.

We found 24 descriptions of cases 
of herniated thoracic and lumbar inter-
vertebral discs in patients with Scheuer-
mann’s disease, complicated by the neu-
rological symptoms (Table 2).

The first description of a disc hernia-
tion in a patient with Scheuermann’s di-
sease belongs to Muller [22, 23].

Van Landingham [24] described a case 
of a herniated thoracic disc in a 17-year-
old boy who woke up with a feeling 
of numbness in his legs below the hip 
joints. Neurological symptoms gradually 
increased. On radiographs – a picture of 
juvenile kyphosis, on myelograms – fill-
ing defects at the levels of T7, T8 and 
T9 discs. Laminectomy and extradural 
removal of the abnormal discs were done. 

Fig. 1
Radiographic changes typical for 
Scheuermann’s disease [10]
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The posterior longitudinal ligament was 
intact. Within four weeks, there was a 
complete recovery of spinal cord func-
tion. Almost a similar case was recorded 
by Roth et al. [25], but with the difference 
that the result of laminectomy was wors-
ening of neurological symptoms: from 
paraparesis to paraplegia.

 Bradford and Garcia [11] identified 
only 4 cases of disc herniation in Scheu-
mann’s disease with neurological symp-
toms in the literature and presented their 
observation. A spastic paraparesis was 
developed in a 16-year-old patient. The 
laminectomy of T7–T9 was performed; 
a hernia was found of T7–T8 disc. Dura 
dissection was not carried out; the 
strength increased in the postoperative 
period, but the spasticity remained. After 
10 years, a full recovery was achieved.

Turinese and Raven [26] found a full 
recovery after the laminectomy of the 
spinal cord functions in the patient with 
the initial paraparesis from the level 
T7–T8.

Yablon et al. [27] described a 29-year-
old patient with the spinal cord compres-
sion due to a combination of kyphosis 
and a herniated disc. The magnitude of 
kyphosis is only 14°. Myelography: defect 
of T7–T8. Costotransversectomy, ante-
rior decompression without spinal fusion, 
full recovery. After 6 months, relapse, 
repeated transthoracic decompression, 
spinal fusion. Recovery was detected.

Lesoin et al. [28] published 6 cases of 
hernias (f/m – 2/4) of the thoracic inter-
vertebral discs in patients with juvenile 
kyphosis. The age of patients varied from 
27 to 61 years. There were neurological 
symptoms of varying severity in all cases, 
indicating ventral compression of the 
dural sac at the level of the apex of the 
kyphotic deformity (there is no data on 
the value of the Cobb angle in all cases). 
The authors emphasize that the patho-
genetic function of Scheuermann’s di-
sease in such cases requires confirma-
tion. According to them, the relationship 
between changes in the intervertebral 
discs and the neurological symptoms is 
shown in the literature by a very small 
number of observations, which preserves 
the popularity of Sheuermann’s disease 
as a benign current disease. In such cas-

es, the new methods of examination 
(myelography, CT) give surgeons seri-
ous grounds to resort to surgical treat-
ment. Three of the six reported patients 
were operated from the posterolateral 
approach proposed by the authors. Lami-
nectomy has to be left out because of the 
large number of negative results. Ante-
rior approach is difficult and traumat-
ic. The posterolateral approach leaves 
intact the neurovascular structures. This 
is a transverse arthropediculectomy pro-
viding tangential access to the disc. The 
muscles shift and do not intersect. The 
intervertebral foramen is opened at the 
beginning of the surgery, and the neu-
rovascular structures are easily localized. 
The next step is an osteotomy of two 
vertebral bodies adjacent to the abnor-
mal disc. It allows the disc to be removed 
without the mobilization of the dural 
sac and roots. The only disadvantage of 
the surgery is the relative instability at 
the level of intervention. In all cases, the 
authors used a short Harrington rod to 
stabilize the spine. There was a marked 
regression of neurological symptoms in 
all cases.

Bohlman and Zdeblick [29] operated 
22 patients with hernias of the thora-
cic spine, two of whom were diagnosed 
with Scheuermann’s disease. In the first 
case the costotransversectomy and spinal 
fusion were used. In the second case, the 
transthoracic approach, decompression, 
and spinal fusion were used. Transtho-
racic approach proved to be the best one.

Stambough et al. [23] defined two 
causes of the neurological symptoms 
development in Scheuermann’s disease: 
1) gibbus; 2) spinal cord compression 
by a displaced intervertebral disc. The 
recovery rate depends on the severity 
and duration of the symptoms. The pub-
lished case is interesting for several rea-
sons: hernias are formed at two levels. 
Moreover, their clinical significance is 
not equal, and a massive layer of epi-
dural fat is located dorsally to the spinal 
cord, but does not compress it. Posterior 
spondylodesis as an addition to the ven-
tral one is indicated for kyphoses heavier 
than 55°.

Bhojraj and Dandawate [30] pre-
sented 3 cases of thoracic disc hernia-

tion with the development of neuro-
logical symptoms. Excellent results were 
obtained. Posterior access with secure 
fixation offers a number of advantages: 
simplicity, fewer complications, solution 
of side effects (cysts, narrowing of the 
canal, internal gibbus). Posterior fusion 
is necessary. We need intraoperative spi-
nal cord monitoring. All 3 cases were 
observed in the   thoracolumbar junc-
tion. This is a unique observation.

Chiu and Luk [31] reviewed a case 
of paraparesis development due to the 
combination of two factors: a herniated 
disc and an intraspinal cyst in a patient 
with juvenile kyphosis.

Song and Yang [32] observed a rare 
case of traumatic disc herniation in a 
patient with a lumbar variant of Scheuer-
mann’s disease. A 24-year-old man went 
to the hospital due to severe pain in 
the thoracolumbar junction after a fall. 
No neurological symptoms were found. 
Radiographic diagnosis was: lumbar vari-
ant of Scheuermann’s disease, as well as 
a body fracture of T12 vertebra. A disc 
herniation was identified in combination 
with the separation of the posterior part 
of the upper apophysis of the L1 verte-
bra, which resulted in the spinal cord 
compression. This type of hernia is called 
posterior retroextramarginal disc hernia. 
At the level of T12: a large Schmorl her-
nia with an extended U-shaped notch 
in the end plate which opens into the 
spinal canal. The patient refused the pro-
posed admission to the hospital for a full 
examination. After 16 hours, he went to 
the hospital again with complaints of 
weakness in his right leg and inappro-
priate urination. Neurological diagnosis 
was spastic paraparesis from the level of 
L1. A lower paraplegia was found within 
4 hours after the second visit. Surgery 
included laminectomy of T12, decom-
pression of the dural sac, and posteri-
or fusion using transpedicular fixation. 
After two years, incomplete regression 
was observed, rehabilitation continues. 
The authors suppose that in this case 
the rapid progress of paraplegia may be 
explained with the fact that with the 
already existing compression of the spi-
nal cord, a traumatic hernia was formed 
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by tissues from a large Schmorl’s nodules, 
which opened into the spinal canal.

Chiche et al. [33] reported three cases 
of spinal cord ischemia due to compres-
sion of a herniated thoracic or lumbar 
intervertebral disc. In the first case, there 
was compression of a herniated disc of 
the Adamkiewicz artery or its branch 
with anterior spinal cord ischemia. The 
surgery was not performed due to the 
lack of prospects. The second case was a 
compression of the anterior spinal artery 
by a herniated disc T10–T11 from T10 
to the conus. The third case was a com-
pression of the Adamkiewicz or Depro-
qes-Gotteron artery. Operations were not 
carried out due to the absence of spinal 
cord compression and the risk of postop-
erative deterioration.

Zan et al. [34] operated a 46-year-old 
patient with the Brown-Sequard syn-
drome and pelvic organ impairment. MRI 
showed signs of severe spinal cord com-
pression by slipped disc herniation of T9–
T10. Anterior discectomy and interbody 
fusion were done. The positive changes 
were noted after 3 months – a change on 
the Frankel scale from C to D.

Twenty of the described 24 patients 
were operated. However, in three cases 
there was no surgery (21–23), and in one 
case there was no data on the interven-
tion (1). The average age of patients was 
31.6 years (from 16 to 61 years). There 
were 10 women and 12 men out of 22 
patients whose gender was mentioned 
in the publications. The Cobb angle of 
thoracic kyphosis was reported in only 
four cases and averaged 35.6° (14–47°). 
The deformity height and the extent of 
the deformity are specified only in single 
works. In 13 patients, a pain syndrome of 
varying severity was found. Almost all the 
patients had severe neurological symp-
toms - paraparesis. In one case, there was 
paraplegia. The complication’s duration 
of development varies greatly: from a few 
hours to seven years. The compression 
level of the dural sac: from T7 to L4. In 
seven cases, the surgery was carried out 
to remove the hernia by a laminectomy 
approach. In two (16, 19) of them, it was 
completed by anterior spinal fusion. The 
result in both cases was successful: sig-
nificant or complete regression of neuro-

logical symptoms. In the remaining five 
(2–5, 7) cases, the results were mixed: 
three improvements and two aggrava-
tions of the complication. In 13 cases (6, 
8–15, 17, 18, 20, 24) the hernia removal 
was accomplished by spinal fusion (ante-
rior bone or dorsal instrumentation), and 
in all cases significant or complete recov-
ery of the lost functions was fulfilled. The 
postoperative supervision period varied 
from 3 to 6 months.

A spinal extradural cyst and its related 
syndrome have been described by Els-
berg et al. [35]. They presented 4 cases 
found among the description of 250 
spinal tumors. The authors were confi-
dent that this was the first publication 
devoted to such a pathology. However, 
a year later, Lehman discovered three 
much earlier papers (Schlesinger, 1898; 
Krauss, 1907; Mixter, 1932) and added 
two observations of his own [36]. Elsberg 
et al. [35] emphasized that spastic para-
plegia develops in adolescence, while the 
pain syndrome is not prevailing, and sen-
sitive disorders are rare or completely 
absent. The X-ray shows the widening 
of the interarch gap (the Elsberg–Dyke 
symptom), and the arches themselves are 
narrowed and atrophic (Fig. 2). Elsberg 
et al. believed that the cyst was the result 
of a herniated protrusion of the arach-
noid membrane through a defect in dura 
mater or congenital DM diverticulum. 
In 1937 Cloward and Bucy [37] when 
discussing this problem, suggested, that 
such cysts are the result of evagination 
of both arachnoid membrane and dura 
mater. Furthermore, they believed that 
cyst-associated kyphosis was the result 
of the cyst’s compression of the venous 
trunks draining the vertebral bodies. To 
their opinion, kyphoses that are not asso-
ciated with such cysts are the result of 
venous stasis in the vertebral bodies.

Adelstein [38] described 16 cases of 
cysts before 1941. Two of them includ-
ed identified kyphosis and were supple-
mented by the author’s own observation. 
Only 10 of the patients were under the 
age of 20. The rest individuals were old-
er. The duration of the symptoms var-
ied from 2 months to 13 years, usually 
more than a year. The removal of the 
cyst, in most cases, resulted in recovery. 

The cyst itself contained clear CSF in a 
connective tissue capsule with villi from 
the arachnoid membrane. Typically, the 
cysts spread over 2-4 spinal segments. 
Most of the Adelstein patients (11 out 
of 17) showed an increase in the width 
of the spinal canal. Wise and Foster [39] 
in their review characterized 33 cases of 
cysts (23 – in men, 10 – in women), and 
in 19 of them it was developed against 
the background of juvenile kyphosis. 
The patients with Scheuermann’s disease 
always had a cyst located in the thora-
cic segment of the spinal canal. In 1959 
Nugent et al. [40] в 1959 г. described 7 
cases of cysts. One of them was in the 
presence of Scheuermann’s disease.

While describing the case of an extra-
dural cyst in 1970, Bodosi [41] conclud-
ed that histological examination of its 
wall does not explain the mechanism of 
development. The presence of comorbid 
juvenile kyphosis is not causally associat-
ed with the cyst. The combination of the 
two pathological conditions and espe-
cially the progression of kyphosis after 
removal of the cyst confirm the need for 
spinal fusion surgery.

Fiss et al. [42] reported a case of extra-
dural lumbar meningocele, similar to a 
cyst and causing rapidly progressive para-
plegia due to local compression of the 
dural sac. During the surgery, a grayish 
epidural sac was revealed, unrelated to 
the neural structures and compressing 
the dural sac dorsally. During its punc-
ture, a large amount of clear cerebrospi-
nal fluid was obtained. Its cavity was con-
nected with the subarachnoid space; it 
was removed; the DM was stitched up. 
Two weeks later, a complete regression 
of neurological symptoms was observed.

Park et al. [43] observed a 15-year-
old patient with spastic paraplegia and 
a cyst, identified by MRI. It sizes were 
14.5 × 7.4 × 75.0 mm at the level of 
L1–L2 vertebrae. This cyst spread from 
the epidural space to both interverte-
bral foramina. During the surgery, two 
small holes were found connecting the 
cyst cavity and the subarachnoid space, 
through which the cerebrospinal fluid 
was released with each respiratory excur-
sion. These foramina should be carefully 
sutured. The authors emphasize that the 
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etiology of extradural arachnoid cysts 
remains unknown. Some regard them 
as the result of DM congenital defects. 
Meanwhile, it is known that cysts of IA 
type according to Nabors et al. [44] can 
be associated with Scheuermann’s di-
sease. This is the type of cyst presented 
in this observation. According to some 
authors [37], such cysts can cause the 
development of juvenile kyphosis owing 
to an impairment of the venous outflow 
from the vertebral bodies due to the 
pressure of the cyst itself.

Classification of dural cysts according 
to Nabors et аl. [44]:

1. Extradural cyst without inclusion of 
fibers of spinal nerve roots:

IA – extradural meningeal cyst;
IВ – sacral meningocele.
2. Extradural cyst with the inclusion 

of fibers of the spinal roots.
3. Intradural cyst.
We found only 3 cases of neurologi-

cal symptoms in patients with Scheuer-
mann’s disease and verified spinal epi-
dural lipomatosis. The small number of 
observations does not allow for their 
analysis (Table 3).

It should be noted that in all cases of 
examination of the contents of the spinal 
canal (myelography, MRI), it was possible 
to visualize the cause of the neurological 
symptoms development. This refers to 
all the listed mechanisms of spinal cord 
compression.

In the last decade, the interest of 
researchers in the problem of spinal epi-
dural lipomatosis, that is, the increased 
content of fat in the spinal epidural 
space, has increased. There is a common 
combination of spinal epidural lipoma-
tosis with steroid therapy, obesity, and 
Cushing’s syndrome. Spinal epidural lipo-
matosis can also be idiopathic. Normally, 
it is asymptomatic, but with an increase 
in the amount of adipose tissue, com-
pression of the dural sac is likely with the 
development of neurological symptoms.

Abul-Qasim et al. [45] investigated the 
content of adipose tissue in the epidural 
space in 87 individuals (29 patients with 
Scheuermann’s disease and 58 controls). 
Using MRI, they found that juvenile 
kyphosis is accompanied by the devel-
opment of spinal epidural lipomatosis in 

41 % of cases (in the control group – in 
3 %). The amount of kyphotic deformity 
correlates with the amount of epidural 
adipose tissue. The authors conclude that 
MRI should be performed in the pre-
operative stage normally in all cases of 
Scheuermann’s disease. Since the sagittal 
diameter of the spinal canal in Scheuer-
mann’s disease and in the general popula-
tion is almost the same, patients with an 
increased amount of epidural fat theoreti-
cally have a risk of spinal cord compres-
sion and disruption of its blood supply. 
This condition may occur in the postoper-
ative period with an edema of the epidur-
al tissue. The authors proposed that the 
increase in the amount of epidural fat may 
contribute to the progression of kyphotic 
deformity in Scheuermann’s disease.

Zhang et al. [46] analyzed the effect of 
epidural lipomatosis on the development 
of kyphotic deformities of the spine (not 
only Scheuermann’s disease). It emerged 
that that epidural lipomatosis is a com-
mon pathological condition in patients 
with congenital, juvenile and tubercu-
lous kyphosis. Surgeons should be aware 
of this, as extra fat can cause spinal cord 
compression and neurologic impairment.

Kim et al. [47] gave an overview of 
the problem of spinal epidural lipoma-
tosis. Possible causes include: intake of 
steroid drugs, endogenous steroid hor-
mone diseases, obesity, surgical triggering 
and idiopathic conditions. Immunodefi-
ciency syndrome and Scheuermann’s di-
sease may also be involved in pathogen-
esis. Steroid-induced forms affect mainly 
the thoracic spine and are most likely 
to develop paraplegia. Treatment is pre-
scribed by the cause of the pathology: 
weight loss, withdrawal of steroid medi-
cations, treatment of endocrine pathol-
ogy, and surgical decompression of the 
dural sac. The goal is to decrease the 
amount of adipose tissue in the epidural 
space and eliminate neurological symp-
toms. Surgical treatment is effective, but 
may be accompanied by increased mor-
tality associated with the initial condition 
of patients.

Bruns and Heise [48] described a case 
of paraparesis in a 17-year-old boy. The 
paraparesis developed as a result of spi-
nal cord compression and was treated 

with anterior decompression and pos-
terior spinal fusion by Harrington con-
tractors. According to the authors, one 
of the possible causes of neurological 
symptoms in Scheuermann’s disease is 
intraspinal lipoma.

The thoracic form of Scheuermann’s 
disease can cause the development of 
a very rare neurological complication. 
Soper [49] described 10 cases of shift of 
a fragment of the annular apophysis of 
the vertebral body into the spinal canal. 
They all were located in the lumbar 
spine (L2–L5). The author considered 
this shift as a result of apophysis damage. 
Out of 10 patients four were teenagers, 
and the rest were adults. Clinically, the 
shift was expressed by pain and neuro-
logical symptoms: sensitivity disorders, 
muscle weakness despite the patients 
were neurologically intact. Surgical treat-
ment (removal of the shifted fragment 
of the apophysis and of the correspond-
ing intervertebral disc) allowed to com-
pletely stop the symptoms. Three adult 
patients in the thoracic region showed 
changes typical for Scheuermann’s di-
sease. The author suggests that patients 
with juvenile kyphosis have a tenden-

Fig. 2
Widening of the interarticular spaces, 
thinning of the pediculum; red 
arrows – a symptom of  Elsberg – 
Dyke [41]
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cy to the shift of the fragment of the 
apophysis dorsally. Ryan and Taylor [12] 
believed that such conditions are a pecu-
liarity of Scheuermann’s disease in rela-
tion to the lumbar spine.

Demiroz et al. [50] were the first to 
study the frequency of intracanal abnor-
malities in patients with Scheuermann’s 
kyphosis. In 7 out of 132 patients (5.8 %), 
syringomyelia was found. The localiza-
tion of the anomaly in five cases was lum-
bar, in two – thoracic (the total spread 
is from T9 to L4 vertebra). The width of 
the cavity ranged from 3 to 5 mm. All 
of them were located centrally. No cor-
relation was found with the magnitude 
of the kyphotic strain. All patients were 
neurologically intact. Additional neuro-
surgical intervention was not required 
in any of the cases. Spinal deformity 
as a result of surgical correction was 
decreased from 75° to 32° on average. 
There were no neurological complica-
tions. MRI should be part of the obliga-
tory preoperative examination.

Few authors have studied the fre-
quency of neurological symptoms in 
Scheuermann’s disease, and the results 
are controversial. Murray et al. [51], stud-
ied the natural history of Scheuermann’s 
disease. They reported about 15 % of 
patients with signs of involvement of the 
spinal canal contents in the pathologic 
process. In 1996–2021, 215 patients with 
juvenile kyphosis were operated in the 
Clinic of Pediatric and Adolescent Ver-
tebrology of the Novosibirsk Research 
Institute of traumatology and Orthopae-
dics n.a. Ya.L. Tsivyan. Only one patient 
had neurotic symptoms in the preop-
erative stage (less than 0.5 %) [17]. Cho 
et al. [52] showed the results of surgical 
treatment of 69 patients. Only 6 (9 %) of 
them showed neurological symptoms of 
varying severity. It is worth noting that 
only one patient had severe myelopathy. 
The results of surgical treatment (poste-
rior approach – 5 cases, posterio-anterior 
approach – 1) were successful, but the 
authors do not provide details for each 
patient. Main findings: preoperative neu-
rological examination is obligatory. The 
X-ray findings do not correlate with the 
identified neurological symptoms. An 
unimpaired MRI result may be associated 

with a spinal cord lesion, and, conversely, 
pathologic changes may be observed in 
neurologically intact patients during MRI. 
The magnitude of kyphosis and the age 
of patients are not risk factors for the 
spinal cord compression development.

The issue of identifying and treating 
patients with Scheuermann’s disease and 
neurological symptoms has not been dis-
cussed in the domestic literature. As for 
the foreign literature, it is mostly the 
description of single observations and 
small groups. This review of a small num-
ber of publications is not the first of its 
kind. However, we found it reasonable 
and useful to be written, since even in 
this local issue, new data are emerging 
which can change our ideas both quanti-
tatively and qualitatively. We were able to 
find a description of 38 cases of Scheuer-
mann’s disease. The course of this disease 
was complicated by the involvement of 
the spinal canal contents in the patho-
logical process. The data found here is 
more than in the previously published 
reviews. However, this is certainly not 
all of it. Even today not all sources are 
available for information breakthroughs. 
Nevertheless, we dare to think that the 
presented picture largely reflects the 
true situation. Thus, the most common 
cause of neurological complications in 
Scheuermann’s disease are intervertebral 
hernias, the vast majority of which are 
localized in the thoracic spine. There are 
24 such cases in our review. The spinal 
cord compression  by the anterior wall 
of the spinal canal and the posterior leaf 
of the dura mater is in the second place 
(11 cases). The third place is occupied 
by very few cases of compression of the 
spinal canal contents by extradural spi-
nal cysts (3 cases). The age of patients 
varies quite widely, but young people 
clearly prevail. A significant relation-
ship between the magnitude of kyphotic 
deformity and the risk of complications 
could not be detected.

The recent literature contains refer-
ences to other potential causes of the 
development of the discussed compli-
cation: spinal epidural lipomatosis, shift 
of the ring apophysis of the lumbar ver-
tebra, and syringomyelia. These are very 
rare conditions, but a spine surgeon 

must be aware about them. The collec-
tive experience indicates the need for a 
full-fledged preoperative examination 
of patients with Scheeuermann’s disease 
for the purpose of detailed visualization 
of the spinal canal contents and possible 
correction of surgical approach.

Surgical techniques themselves have 
evolved over the years. The realization 
came quite quickly that laminectomy 
as a surgical approach in certain situa-
tions gives the surgeon great opportu-
nities. However, the specialists should 
not forget about the prevention of the 
pathological condition, which is defined 
in the works of Ya.L. Tsivyan “as a disease 
of the laminectomized vertebral column”. 
He was one of the first to define this con-
dition, its pathogenesis, symptoms, and 
treatment in detail, and in a differenti-
ated way – in relation to adult patients 
and children [53]. The need for reliable 
spinal stabilization throughout the lami-
nectomy defect is the key to deal with 
this challenge. The stabilization tech-
nique (anterior spondylodesis, dorsal 
fixation with the help of modern tools 
or a combination of them) is defined 
by the peculiarities of the pathological 
process, the preferences of the surgeon 
and many other important circumstanc-
es. On the present stage of development 
of our specialty, we have quite sufficient 
opportunities to solve various problems. 
The most significant thing is a thorough 
examination of the patient and a well – 
founded choice of treatment strategies. 

Conclusion

Scheuermann’s disease is one of the 
most common causes forcing the sur-
geon to consider indications for surgical 
correction of spinal deformity (after idio-
pathic scoliosis and congenital deformi-
ties). Its course is rarely complicated by 
the development of neurological symp-
toms. However, the causes of these com-
plications are various and require the 
most thorough preoperative examina-
tion. This allows doctors to correctly plan 
the surgical intervention, to achieve the 
optimal therapeutic effect, while avoid-
ing unexpected complications.
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