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Background. Мeningococcal infection with damage to various organs and systems, including the musculoskeletal 
system, causes growth plate dysfunction, which usually leads to the formation of orthopedic consequences, including 
axis deviation and/or limb length discrepancy.
Aim. This study aimed to analyze the features of limb deformities and methods for their correction in children with 
consequences of meningococcemia.
Materials and methods. The retrospective analysis was performed on patients with consequences of meningococcemia 
who were examined and surgically treated in the clinic between 2012 and 2018. A total of 12 patients (six boys and 
six girls) were included, with an age range of 2–15 years. The examination included clinical, X-ray, and physiological 
methods. Treatment methods consisted of a combination of angular deformity correction and limb lengthening.
Results. In 12 patients, 76 growth plate arrests of long bones were found. Most frequently (17.1%), growth plate 
arrests of the distal femur and proximal tibia were observed, which resulted in limb shortening and/or axis deviation. 
For restoration of limb alignment in 10 (83.3%) patients, transosseous compression-distraction osteosynthesis was 
performed. For limb deformity correction, guided growth technique was applied by using eight-plate for temporary 
epiphysiodesis of active functioning part of the growth plate in four (33.3%) patients, whereas partial growth plate 
arrest resection with following epiphysiodesis was achieved in two (16.6%).
Conclusions. Meningococcal septicemia leads to long bone growth plate dysfunction. The main complaints in this 
patient are limb shortening and their deformity. Along with the transosseous compression-distraction osteosynthesis 
technique, using the guided growth method by carrying out temporary epiphysiodesis of the remaining functioning 
part of the growth plate of damaged bone was appropriate.
Keywords: meningococcemia; orthopaedic sequelae; temporary epiphyseodesis; compression-distraction osteosynthesis; 
children.
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Обоснование. Менингококковая инфекция, протекающая с  поражением различных органов и  систем, 
в  том  числе костно-мышечной, обусловливает развитие дисфункции зон роста костей, что, как правило, 
приводит к  формированию ортопедических последствий в  виде укорочений и  деформаций сегментов конеч-
ностей.
Цель  — изучить особенности деформаций конечностей и  методы их коррекции у  детей с  перенесенной ме-
нингококцемией.
Материалы и  методы. Проведен ретроспективный анализ результатов обследования и хирургического ле-
чения 12  пациентов (6  мальчиков и  6  девочек) в  возрасте от 2 до 15  лет с  ортопедическими последствиями 
менингококцемии, которые находились в клинике с 2012 по 2018  г. Дети были обследованы с использованием 
клинического и  рентгенологического методов исследования. Оперативные пособия предусматривали восста-
новление длины и коррекцию формы пораженных сегментов конечностей.
Результаты. У 12  больных было выявлено поражение 76  зон роста длинных костей конечностей. При этом 
чаще всего (17,1 %) наблюдалось поражение дистальных зон роста бедренных и  проксимальных зон роста 
большеберцовых костей с  формированием укорочений или деформаций пораженных сегментов конечностей. 
С  целью коррекции длины и  формы сегмента конечности у  10 (83,3 %) больных применяли методы компрес-
сионно-дистракционного остеосинтеза. У  4 (33,3 %) больных коррекцию деформаций проводили по методи-
ке управляемого роста путем временного эпифизеодеза активно функционирующей части зоны роста кости 
восьмиобразными пластинами. При этом у 2 (16,7 %) пациентов была выполнена резекция краевого синостоза 
зоны роста с последующим гемиэпифизеодезом.
Заключение. При генерализованных формах менингококковой инфекции повреждаются зоны роста ко-
стей, образующих преимущественно крупные суставы конечностей, основными жалобами пациентов 
являются укорочение конечностей и  их деформации. Наряду с  методиками чрескостного компресси
онно-дистракционного остеосинтеза целесообразно применение методики управляемого роста с  по-
мощью временного эпифизеодеза функционирующей части зоны роста кости пораженного сегмента  
конечности.

Ключевые слова: менингококцемия; ортопедические последствия; временный эпифизеодез; компрессионно-
дистракционный остеосинтез; дети.

Meningococcemia represents one of the forms 
of generalized meningococcal infection, which 
is characterized by acute onset, a rise in body 
temperature, symptoms of general intoxication, and 
skin rashes with the development of toxic shock, 
and is nothing else than acute bacterial sepsis [1, 2].

The Russian literature only mentions the lesions 
of the musculoskeletal system with meningococcal 
infection in pediatric patients, but in a rather 
positive context. The authors noted that the 
incidence of joint lesions ranged from 3–6% to 
15–22% of cases and that the outcome of arthritis 
is usually favorable, and joint functions are fully 
restored [3, 4].

Orthopedic problems in pediatric patients with 
a history of meningococcemia, apparently, are not 
considered in case of more severe manifestations of 
the acute inflammatory process in other vital organs 
and systems requiring active medical correction. 
However, pediatric patients with the consequences 

of meningococcal infection represent a group of 
patients with severe orthopedic deficiency.

Despite the fact that this problem is adequately 
discussed in quite a lot of international publications 
[5–7], we did not find information in the Russian-
language literature regarding the analysis of limb 
deformities and their correction in pediatric patients 
with a history of meningococcemia. Given the 
current information deficit, we consider it necessary 
to discuss the orthopedic effects of meningococcal 
infection in pediatric patients in this publication.

The work aimed to study the aspects of limb 
deformities and methods for their correction in 
pediatric patients with a history of meningococcemia.

Materials and methods

From 2012 to 2018, 12 patients (six boys and 
six girls) aged 2 to 15 years were examined and 
treated at the clinic: nine had meningococcemia 
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before the age of 1 year, two at the age of 1.5 years, 
and one at the age of 4 years. The pediatric patients 
were examined using clinical and radiological 
research methods with radiographs in two standard 
projections. According to the prescriptions, 
panoramic and functional radiographs of the 
upper or lower extremities, as well as computed 
tomography, were performed.

Surgical aids were performed including 
restoring the length and correction of the deformity 
of the affected limb segments using the multilocal 
or multisegmental compression-distraction 
osteosynthesis technique in eight (66.7%) pediatric 
patients and controlled growth in four (33.3%) 
pediatric patients, whereas in two (16.6 %) patients, 
these techniques were combined.

Results and discussion

A fairly large number of extensive stellate scars 
were noticeable in the clinical examination, which 
were registered in seven (58.33%) pediatric patients, 
and also deformed soft tissues of the limbs. In three 
(25%) patients, a significant deficit of soft tissues 
of the limb segments was noted, and three (25%) 
pediatric patients had amputation stumps of the 
fingers and toes, which caused limitations in self-care 
and significantly complicated walking. In 11 (91.7%) 
patients, shortening and deformities of segments of 

the lower extremities of various orientations were 
recorded. In four (33.3%) pediatric patients, along 
with the lower extremities lesion, the upper limbs 
were also affected. And in one (8.3%) patient, only 
the upper limbs were affected.

The orthopedic effects of meningococcemia 
are characterized by a multiplicity of lesions in the 
growth zones of long bones [8].

According to a radiographic study, 12 patients 
had lesions of 76 growth zones of long bones of 
the extremities. Moreover, distal femoral growth 
zones and proximal tibial growth zones were most 
often affected with shortening or deformity of the 
affected limb segments (Table 1).

In a smaller number of cases (9.2%), proxi
mal femoral growth zones were affected with 
the formation of varus deformities of their  
necks.

Lesion to the growth zones of the long bones 
of the upper extremities was revealed in four 
(33.3%) patients (Table 2). Dysfunction of the 
growth zones of the humerus was registered in 
three  (25%)  patients: two (16.7%) in the ulnar and 
one (8.3%) in the radial bone. Three patients (25%) 
had a shortening of the shoulder by 6 to 8 cm, and 
one (8.3%) had shortening of both forearms with 
the formation of ulnar clubhand.

Computed tomography enabled to clarify the 
nature and size of the bone growth zone lesion and 

Table 1
Variants of lesion to the growth zones of long bones of the lower extremities in pediatric patients  

of the study group

Patients
Femoral bone Tibial bone

Proximal growth zone Distal growth zone Proximal growth zone Distal growth zone
1 ++ ++ ++ –
2 – – – –
3 ++ ++ ++ ++
4 – ++ ++ ++
5 + ++ ++ +
6 – ++ ++ ++
7 – ++ ++ ++
8 – ++ ++ +
9 – ++ ++ ++

10 ++ ++ ++ ++
11 – ++ ++ ++
12 – ++ ++ ++

Total 8 22 22 18

Note. “++” — a bilateral lesion, “+” — a unilateral lesion, “–” — no lesion.
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evaluate the possibilities of one or another proposed 
surgical treatment technique.

The surgical treatment of the orthopedic 
consequences of meningococcal infection aimed to 
restore the length and anatomical and biomechanical 
axes of the affected limb, as well as to restore or 
improve the anatomical ratios and functions of the 
affected joints.

The shortening of the lower limb by 4 cm or 
more, the shoulder by 6 cm or more, and the forearm 
by 5 cm or more were considered an indication for 
surgical treatment, taking into account the age of 
the child. In the presence of angular deformities of 
the limb segments, accompanied by a shortening of 
3 cm or more, one-stage correction of the length 
and shape of the limb segment by osteotomy 
was performed using compression-distraction 

osteosynthesis. At the final stage of treatment, to 
correct the multiplanar deformities of the bone 
metaphyses forming the knee and ankle joints, 
the Ortho-SUV reposition unit was used in three 
patients, which allowed to reduce the time and 
improve the quality of reposition (Fig. 1).

In four (33.3%) patients, the deformity correction 
was performed according to the controlled growth 
method by temporary epiphysiodesis of the actively 
functioning part of the bone growth zone with eight-
shaped plates. Of which, the marginal synostosis 
of the growth zone was resected with subsequent 
hemiepiphysiodesis in two (16.7%) patients (Fig. 2).

According to literature sources, multiple lesions 
of metaepiphysis of the long bones of the lower 
extremities in three pediatric patients with a history 
of meningococcal sepsis were first described in 1981 

Table 2
Variants of lesions of the growth zones of long bones of the upper extremities in pediatric patients  

of the study group

Patients
Humeral bone Ulnar bone Radial bone

Proximal growth zone Distal growth zone Distal growth zone Distal growth zone
1 – – – _
2 – – – –
3 – + ++ +
4 – – – –
5 – – – –
6 – – – –
7 – – – –
8 – – – –
9 – + – –

10 + – – –
11 – – – –
12 – – – –

Total 1 2 2 1

Note. “++” — a bilateral lesion, “+” — a unilateral lesion, “–” — no lesion.

	 a	 b	 c

Fig. 1. Radiographs of patient G.’s lower 
extremities before (a) and during the 
correction of the shape and length of 
the right and left lower extremities 
using the Ortho-SUV reposition unit (b) 
and the standard layout of the Ilizarov 

apparatus  (c)
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by Fernández et al. [9] and Patriquin et al. [10] 
pointed out the dysfunction of bone growth zones 
as the main cause of developing limb deformities.

The orthopedic effects of meningococcemia can 
be early or late. Early orthopedic effects are noted 
with circulatory disorders in the form of severe 
necrobiotic changes in the soft tissues of both 
proximal and distal extremities. During sloughing, 
rough scars of soft tissues are formed, and in 
the presence of deep defects in the skin and soft 
tissues, necrectomy with subsequent plastic closure 
of the skin defect or amputation of the distal limb 
segments may be required [6, 10].

In the cases presented, three (25%) patients 
required partial amputation of the fingers and toes, 
and these surgical interventions were performed at 
their primary healthcare facilities before admission 
to the hospital of the institute (Fig. 3).

Cicatricial deformities of the soft tissues of 
the limbs are manifested by a cosmetic deficiency. 
They can cause the formation of contractures and 
complicate the planning of surgical interventions 
and postoperative wound healing [11, 12]. All the 
patients presented had cicatricial changes in the skin 
of varying severity, and five surgical interventions 
were performed in three (25%) patients to eliminate 
cicatricial contractures of the knee and elbow joints 
at different stages of treatment.

According to Canavese et al. [12], cicatricial 
soft tissue contractures were registered in 29% of 
patients on the upper extremities and 40% on the 
lower extremities. Of these, 33 out of 48 patients 
included in the study underwent 50 surgical 
procedures to eliminate the contractures. Similar 
information is also presented in the works of other 
authors [8, 11, 13].

Data on the incidence of orthopedic compli
cations after meningococcemia are scarce. Edwards 
et al. [14] studied the catamnesis of 130 patients with 
a history of meningococcal septicemia and found 
that the incidence of late orthopedic complications 
was 7.7%.

Since the generalization of the infectious 
process occurs in meningococcemia, most authors 
believe that the termination of the growth zone 
functioning is due to thrombosis of small vessels 
supplying the metaepiphysis with blood, in presence 
of disseminated intravascular blood coagulation 
syndrome, and not as a result of septic embolism 
[12, 15, 16].

According to some authors, after meningococcal 
infection, dysfunction of lower extremity bone 
growth zones is registered more often [17]. 
According to Appel et al. [18], in pediatric patients 
with a history of meningococcemia, the growth 

	 a	 b
Fig. 2. Resection of synostosis of the proximal growth zone 
of the left tibia (a) and variants of hemiepiphysiodesis of 
the functioning sections of the growth zones of the femur 

and tibia with eight-shaped plates (b)

Fig. 3. Photograph of patient K.’s right foot (a) and radiographs of patient G.’s hands (b) and feet (c) with the consequences 
of meningococcemia, namely, multiple lesions of the bone growth zones of the limbs and amputation stumps of the 

fingers and toes

	 a	 b	 c



68	 Exchange of experience

 Pediatric Traumatology, Orthopaedics and Reconstructive Surgery.  Volume 8.  Issue 1.  2020

zones of the femur, tibia, and humerus are most 
often affected, which is also consistent with our 
cases. Less often, dysfunction of the distal growth 
zones of the fibula and distal growth zones of the 
ulnar and radius bones [11], as well as the growth 
zones of the maniphalanxes [8], occurs. Moreover, 
in the available literature, we have not found 
information about the lesion of the proximal growth 
zones of the fibula.

According to foreign literature, the lesion of the 
proximal areas of femoral bone growth is extremely 
rare [7, 10]. Thus, Fernández et al. [9] registered 
only one case of avascular necrosis of the proximal 
femoral epiphysis, and Nectoux et al. [10] reported 
two cases of avascular necrosis of the femoral heads 
in patients with consequences of meningococcal 
infection. Transient ischemia is considered by 
the authors as one of its possible causes, which 
developed in the acute period of meningococcal 
sepsis [10].

In our series of cases, in 8 out of 12 (66.7%) 
patients, we noted lesion to the proximal growth 
zones of the femoral bone with the formation of 
varus deformities of the necks, which necessitated 
surgical correction (Fig. 4).

As for the upper extremities, according to most 
authors, they are less likely to be affected in pediatric 
patients with a history of meningococcal sepsis, 
than the lower extremities [12, 17]. In our study, 
lesions of the upper extremities were registered only 
in four (33.3%) patients.

Having studied the orthopedic problems of 
patients with a history of meningococcal sepsis, 
Park and Bradish [17] concluded that elongation of 
the bones of the forearm should be performed when 
it is shortened by more than 5 cm. The authors also 
believed that when shortening one of the bones of 

the forearm, which causes the formation of the same 
clubhand, the deformity should be elongated and 
corrected only on the shortened and deformed bones. 
And upon reaching the correction of deformity, it 
is recommended to perform epiphysiodesis on both 
bones to prevent recurrence of deformity. At the 
same time, they admit that epiphyseodesis can lead 
to a significant shortening of the forearm and the 
need for repeated elongation.

We believe that elimination of deformity of 
only a shortened bone is not enough, since in the 
process of child growth, the adjacent forearm bone 
is deformed, causing pronounced cosmetic and 
functional disorders (Fig. 5).

An increasing number of specialists tend to 
believe that, in the presence of deformity of the 
affected segment of the limb, epiphysiodesis of 
the functioning part of the bone growth zone is 
necessary. So, Belthur et al. [19] presented the 
results of the surgical treatment of patients with 
premature partial closure of the bone growth zones 
forming the knee joint. To correct the deformity, 
they performed corrective osteotomy or correction 
by distraction osteosynthesis without additional 
epiphysiodesis. The relapse of the deformity 
was noted in 15 of 16  patients on average after 
26  months. To prevent the recurrence of the 
deformity, the authors indicated the need to remove 
the remaining functioning part of the bone growth 
zone.

In contrast, Park and Bradish [17] completed 
similar interventions with epiphysiodesis in four 
patients with a history of meningococcemia with 
partial closure of the distal femoral and proximal 
tibial growth zones. The authors did not register the 
relapse of deformity during the follow-up period, 
which averaged 66 months.

	 a	 b
Fig. 4. Radiographs of the hip joints of patients K. (a) and A. (b) with varus deformities of the femoral necks
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In four cases among those presented, the 
controlled growth technique was used to prevent the 
recurrence of deformity and correct the length of 
the fibula in dysfunction of the tibial growth zones 
(Fig. 6). After analyzing the literature data and own 
cases (recurrence of valgus deformity of the knee 
joint 2 and 4 years after corrective osteotomy of 
the femur and tibia), we concluded that temporary 
epiphysiodesis of the remaining functioning sections 
of growth zones is advisable. However, given the 
small number of cases, it is premature to evaluate 
the long-term results of temporary epiphysiodesis.

Clinical case

Patient K., 10 years old, was admitted with 
a  diagnosis of consequences of meningococcemia, 
valgus deformity of the right and varus deformity 
of the left knee joints, shortening of the lower 
extremities, cicatricial deformities of the soft tissues 
of the upper and lower extremities. Condition 
after surgical treatment. The anamnesis revealed 
that at the age of 8.5 months, the patient had 
a  meningococcal infection. In 2005, at the age of 
1 year, a surgery was performed at the Russian 
children’s clinical hospital, aimed at eliminating 
cicatricial deformities of knee joints with combined 
skin grafting. In 2014, cicatricial contractures of the 
left elbow and right knee joints were eliminated.

Upon admission to the department of bone 
pathology, the orthopedic status represented the 
disproportionate physique due to the shortening of 
the lower extremities. There were severe cicatricial 
deformities of the soft tissues of the upper and 
lower extremities. In the upper limbs, the length 
was D = S, and the range of motion in the joints 

was within normal limits. In the lower limbs, the 
relative length of the right lower limb was 56 cm and 
the left 55  cm. The anatomical length of the right 
thigh was 20 cm, and the right lower leg 29 cm. 
The  anatomical length of the left thigh was 26 cm, 
and the left lower leg 27 cm. The range of motion in 
the hip joints was within normal limits. The  lower 
limbs were deformed at the level of the knee joints, 
and there were valgus and varus deformities of 
the right and left knee joint, respectively (zone III 
according to Stevens). Extension/flexion on both the 
right and left knee joints was 5°/0°/35°. The  range 
of motion in the ankle and foot joints was not 
impaired (Fig. 7).

	 a	 b	 c
Fig. 5. Radiographs of the left forearm of patient G. before (a), in the process (b), and after (c) the elimination of the 

ulnar clubhand

	 a	 b
Fig. 6. Consistent application of controlled growth 
techniques (a) and compression-distraction osteosyn
thesis  (b) to correct deformities of segments of the right 

lower limb
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	 a	 b	 c	 d
Fig. 7. Photographs (a–c) and radiographs of the lower extremities (d) of patient K. with consequences of meningococcemia 

before surgical treatment

	 a	 b	 c	 d
Fig. 8. Radiographs (a–c) and photograph (d) of patient K. before (a), during (b), and after the completion (c and d) 

of  correction of the right lower limb deformity

	 a	 b
Fig. 9. Radiographs of the lower limbs of patient K. 
before  (a) and during (b) the correction of deformity of 

the left lower limb

	 a	 b	 c
Fig. 10. Radiographs (a and b) and radiographs of the 
lower extremities (c) of patient K. after treatment. Relapse 
of valgus deformity of the right knee and residual varus 

deformity of the left knee
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In 2014, the first stage was a superimposition 
of a wire-rod apparatus on the right thigh and 
lower leg and osteotomy of the right femur in the 
lower third tibia, and fibula in the upper third was 
performed (Fig. 8).

In 2015, a wire-rod apparatus was placed on 
the left lower leg, and osteotomy of the lower leg 
bones in the upper third was performed (Fig.  9). 
Epiphysiodesis of the remaining functioning sections 
of the distal femoral and proximal tibia of the right 
lower limb was not performed.

In 2016, at the time of removal of the external 
fixation apparatus from the left lower leg, the 
orthopedic status reveals that the patient walked 
independently, without compensation of shortening, 
with limping on the right lower limb. The axis of 
the spine deviated from the midline in the frontal 
plane at the level of the thoracic region. In the 
upper limbs, length D = S, and the range of motion 
in the joints is within normal limits. In the lower 
limbs, shortening the right lower limb is by 4 cm 
due to the lower leg. Extension/flexion is 0°/0°/20° 
in the right knee joint and 0°/0°/35° in the left knee: 
the valgus deformity of the right knee joint (zone II 
according to Stevens) and varus deformity of the left 
knee joint (zone I according to Stevens). The range 
of motion in the hip joints is within normal limits, 
and the joints are stable. The follow-up period was 
2 years. Despite a significant correction in the shape 
of the limbs, a distant relapse is likely to occur due 
to the varying degree of the lesion and functional 
activity of the long bone growth zones, which we 
registered in our patient (Fig. 10). For this reason, it 
is necessary to conduct a regular case follow-up of 
the patient until the end of bone growth to perform 
possible surgical correction of the shape and length 
of the limb segments.

Conclusion

Meningococcemia in pediatric patients, along 
with lesion to various organs and systems of the 
body, causes multiple lesions to the growth zones 
of long bones and leads to significant disorders 
of the anatomical and functional states of the 
musculoskeletal system. The severity of clinical 
manifestations due to the cessation of functioning 
of bone growth zones depends on the age at which 
the child had a generalized meningococcal infection, 
the potential of the functional activity of the growth 

zone, and the nature of its lesion. For correction 
and prevention of relapse of limb deformities in 
patients who have not reached bone maturity, the 
use of combined treatment methods is advisable.
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