
Abstract
Background
Physeal arrest following meningococcal septicaemia is the result of ischaemia secondary to vasculitis. Only two
cases have been reported with a long-term follow-up to maturity.

Methods
We did a retrospective study of 13 patients treated over 17 years (1991-2007) to assess the orthopaedic mani-
festations, treatment and long-term outcome of the physeal arrest. All patients were followed up clinically and
radiologically; eight to skeletal maturity.

Results
The average age of the meningococcal septicaemia was 12 months, and the patients presented with physeal
arrest at an average of 5.6 years. Thirty-nine physes were involved: 29 focal, six complete and four had a pre-
mature arrest. Sixty two surgical procedures (average 4.6, range 1-11 per patient) were required to prevent or
correct angular deformity and/or leg length discrepancy. Seven physeal bars were resected (four successfully),
26 epiphyseodeses, 20 angular corrections (all at the knee or ankle) and nine limb lengthenings were done.

Conclusions
We concluded that these patients may require several orthopaedic procedures, and should be followed up until
skeletal maturity. Once growth is balanced with bar resection or epiphyseodesis, angular correction and limb
lengthening have a good outcome.
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Introduction
Since the earliest report of bony deformities and growth
abnormalities following meningococcal septicaemia in
1981,1 there has been a steady increase in these complica-
tions reported in the literature. There have however, been
few reports on the surgical management of physeal arrest
in this setting and the late outcome of this surgery.2

Meningococcal septicaemia is caused by Neisseria menin-
gitidis, a Gram-negative diplococcus with a lipopolysaccha-
ride in its cell wall.3,4 This acts as an endotoxin to elicit an
acute inflammatory response via a complex cascade of
events ending in vasculitis, disseminated intravascular coag-
ulopathy (DIC), shock and multi-organ failure with a mor-
tality ranging from 7 to 15%.5,6 The DIC and vasculitis affect
all organ systems and the musculoskeletal system is not
spared. Clinically this may present as skin necrosis, com-
partment syndrome and gangrene, resulting in amputations
and soft tissue contractures.

Physeal injury occurs in 13 to 21% of patients5,7 as a
result of ischaemia secondary to vasculitis and to a lesser
extent as a result of osteomyelitis. This has been shown
on histological specimens taken at the time of amputation
from patients with the acute illness.4,8 Although the
osteomyelitic involvement of bone (epiphysis, metaphysis
and diaphysis) usually recovers without sequelae, damage
to the physis leads to permanent physeal arrest.4,8 This
manifests in three different patterns: focal or partial(cen-
tral or asymmetrical), complete or premature arrest. 4,8,9,10

As the manifestations of physeal damage are growth-
dependent they may only present years after the index
infection.1,2,4,5,7-12 Surgical correction of these deformities is
difficult and complicated by a high incidence of failure of
physeal bar resection and recurrence of the deformities
after correction.2,4

The management of the initial limb ischaemia, with or
without fasciotomy, and the treatment of skin necrosis
and soft tissue contractures, has been well described in
the orthopaedic literature.2,6,13 The problems associated
with amputations (especially below knee), such as stump
overgrowth and contractures, often necessitating through-
knee amputations, is also well documented.2,4,6 

A multicentre study by Belthur et al,2 described the late
orthopaedic sequelae due to growth plate arrest in 23
patients, but only two were followed up to skeletal matu-
rity. The purpose of our retrospective study was to
describe the orthopaedic manifestations and treatment of
growth plate arrest and the long-term outcome in 13
patients (eight to maturity) following meningococcal 
septicaemia. 

Methods
We retrospectively studied the orthopaedic manifesta-
tions, treatment and outcome of growth plate arrest fol-
lowing meningococcal septicaemia in 13 patients treated
over 17 years (1991-2007). 

Their clinical and operative notes, radiographs and MRI
scans were reviewed. The degree and type of physeal
involvement was assessed on A-P and lateral radiographs. If
this was not clear, or if growth plate resection was contem-
plated, biplanar tomography (initially) and/or MRI (now the
gold standard to assess physeal arrest) was done. 

All patients are followed up annually both clinically and
radiologically; eight of the 13 patients until skeletal maturi-
ty. An outcome was regarded as good if leg length discrep-
ancy (LLD) was < 2 cm and the mechanical axis alignment
did not exceed 5°.

The Wilcoxon rank sum test was used to test the signif-
icance of increased physeal arrest in children who had
septicaemia before 10 months of age. 

The study was aimed at the management of physeal
arrest and therefore problems related to soft tissue con-
tractures, scarring or amputations were not reviewed.

Results
The patients presented to the orthopaedic department at an
average age of 5.6 years (range 3-12 years).They presented
with leg length discrepancy and/or angular deformities of
the limbs.

The average age of meningococcal septicaemia was 12
months (range 3-24 months). Seven of the children were
over 10 months of age when they had the acute illness and
had an average of 1.7 physes involved per child (range 1-3).
Six of the children were under the age of 10 months and had
an average of four physes involved per child (range 2-5).
This is statistically significant (p<0.05).

Classification and distribution of 
physeal arrest
The 13 patients had a total of 39 physes involved; an aver-
age of three per patient (range 1-5). Twenty-nine physeal
arrests were of the focal type, six were complete and four
were premature physeal arrests (Table I).

Asymmetrical, peripheral focal arrest resulted in angular
deformity (Figure 1). Central focal arrest was either ‘tent-
ed’ (Figure 2A) or had a ‘cup-and-saucer’ appearance
(Figure 2B). Central focal arrest presented with either
LLD or an angular deformity (Figure 2B).

Table I: Types of physeal arrest

Focal 29 • Central – LLD or angular
deformity

• Asymmetrical – angular
deformity

Complete 6 LLD

Premature arrest 4 LLD or angular deformity

Total 39
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Figure 2A. T1 sagittal MRI of
the knee of a 5-year-old boy
with a central focal arrest with
a tented appearance Figure 3. A-P radiograph

of the right knee of an 
8-year-old girl with 

complete arrest of the
distal femoral growth
plate with leg length 

discrepancy

Figure 1. A-P radiograph of the
left ankle of a 6-year-old girl
with a peripheral focal arrest
of the distal tibia

Figure 2B. A-P radiograph of the lower limbs of a 4-year-
old boy with central focal arrests with ‘cup-and-saucer’
appearance of the right proximal tibia with varus defor-
mity and left distal femur causing LLD

The study was aimed at the 
management of physeal arrest
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Complete arrest presented as a LLD (Figure 3). Premature
arrest occurred when a documented seemingly normal
physis arrested before skeletal maturity. This presented as
LLD or an angular deformity, depending whether the arrest
was symmetrical or asymmetrical (Figures 4A and B).

The anatomical distribution is shown in Table II. The vast
majority of physeal arrests occurred around the knee and in
the ankle with only three of the 39 occurring in the proximal
femur or upper limb. 

Surgical procedures 
Sixty-two surgical procedures were performed at an average
of almost five per patient (range 1-11). Seven physeal bars
were resected, 26 epiphyseodeses were done, 20
osteotomies were performed for angular deformities and
nine limb segments lengthened (Table III).

Epiphyseodesis
Of the 26 epiphyseodeses done, 18 were performed
around the ankle (either distal tibia or fibula). In three
cases the epiphyseodesis was done on the contralateral
side to address limb length discrepancy. Twenty-five of
these procedures successfully arrested growth. The one
failure was an epiphyseodesis of the distal tibia in which
the growth was not arrested and the angular deformity
worsened. Fourteen of the 26 epiphyseodeses were done
in the fibula (11 distal and three proximal) to address the
inequality of growth between tibia and fibula (Figure 5).

Physeal bar resection
Seven physeal bars were resected. Resection was consid-
ered successful if the growth rate postoperatively resumed
≥ expected rate for that physis (Figures 6 A, B and C).
Four (57%) of the resections were successful. The four
physeal bars that were successfully resected were less
than 30% of the physeal surface area. The three failures
were 40% of the physeal area.

Correction of angular deformity 
All of the 29 focal arrests occurred around the knee and
ankle. Of these 27 resulted in a varus and only two in a
valgus deformity. Angular correction was undertaken in
20 cases; the other nine were corrected with either suc-
cessful epiphyseodesis (especially distal fibular epiphy-
seodesis for ankle varus) or physeal bar resection.
Successful correction was defined as postoperative cor-
rection to ≤ 5° of the normal mechanical axis. Nineteen of
the 20 angular corrections were successful. A problemat-
ic pattern of deformity around the knee was that of severe
varus and recurvatum of the proximal tibia. This deformi-
ty was particularly difficult to correct and our one failure
occurred in this group (Figures 7A and B).

Figure 5. A-P 
radiograph of the

right ankle of a 
3-year-old girl with
varus deformity of

the ankle due to
distal tibial 

growth arrest and
aggravated by 

fibular overgrowth

Figure 4A and B. A-P radiographs of the right
knee illustrating premature arrest. 
4A – ‘Normal’ tibial physis at 12 years of age;
4B – Medial tibial premature arrest at 15
years

Table II: Anatomical distribution of physeal
involvement

Table III: Surgical procedures

Physeal bar resection 7
Limb lengthening 9
Angular correction 20
Epiphyseodesis 26

A B
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Different techniques were used with similar results (Table
IV). At the distal tibia however, we now routinely use the
osteotomy described by Wiltse14 as it centralises the talus
under the tibia (Figures 8A and B). Five limb segments had
simultaneous lengthening using either a rail (Orthofix) or
circular frame (Taylor spatial frame) (Figures 9A-E).

Figure 6A. T1 coronal MRI of the same patient
as in Figure 1 with a 20% posteromedial bar of the
distal tibial growth plate
Figure 6B. Radiograph after bar resection
Figure 6C. At maturity, growth of 42 mm over
seven years was achieved (150% of expected)

A B C

Figure 7A and B. A-P and lateral radiographs of
left tibia of 10-year-old girl with previously
failed bar resection with severe varus and recur-
vatum of the proximal tibia.

A B

Figure 8A and B. A-P radiograph of the right
tibia of a 10-year-old boy with medial physeal
arrest of the proximal and distal tibia. A Wiltse
osteotomy of the distal tibia and simultaneous
angular correction and lengthening of the prox-
imal tibia was done using a rail. Epiphyseodeses
of proximal and distal tibia were completed at
the same sitting.

A B

At the distal tibia however, we now routinely 
use the osteotomy described by Wiltse as it 

centralises the talus under the tibia

Table IV: Methods of angular correction

Distal femur Chevron osteotomy 1
Corticotomy and rail 2

Proximal tibia Barrel vault 3
Closing wedge 2
Corticotomy and frame/rail 3

Distal tibia Supramalleolar wedge 6
Wiltse 3

Total 20

SAOJ Winter 2010  5/3/10  1:44 PM  Page 71



Page 72 /  SA ORTHOPAEDIC JOURNAL Winter 2010 CLINICAL ARTICLE

Limb lengthening
Nine limb segments were lengthened: five tibiae, three
femurs and one radius. Three femurs and three tibiae were
lengthened with a rail (Orthofix) (Figures 10A-C); two
tibiae with a Taylor spatial frame; and the radius with an
Ilizarov circular frame. The average length gained was 
5.8 cm with a range of 3.2-9.3 cm. A successful length-
ening was defined as lengthening to within 1 cm of the
pre-operative target. 

All three tibiae lengthened with a rail had distal migra-
tion of the fibular head (Figure 10A).This did not have
any clinical significance.

Figure 9A. A-P radiograph of the right femur and tibia in a 10-year-old girl. Previous bar resection
of the proximal tibia maintained growth but did not correct the varus deformity.
Figure 9B. Right femur had simultaneous correction of varus and lengthening of 4 cm using a rail.
Figure 9C. Tibial varus was corrected and lengthened 5 cm using a Taylor spatial frame.
Figure 9D. Good result at 2-year follow-up. Note that all epiphyseodeses were completed at the
time of angular correction.

A B C D

Figure 9E. Postoperative clinical picture
showing return to full range of motion of the
knee
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Follow-up
Eight of the 13 patients had reached skeletal maturity at
the time of this study and we were able to follow up
seven; six had a good result. One patient had residual
bilateral ankle varus but copes well clinically.

Discussion
Physeal arrest is caused by ischaemic occlusion of the
microvasculature supplying the physis, and to a lesser
degree the acute inflammatory response as a result of
metaphyseal osteomyelitis. Histological examination of
the physis of an acute amputation specimen of a meningo-
coccaemic patient showed areas of disorganisation with
loss of the normal columnar pattern of the chondrocytes
and relative hypocellularity. The adjacent metaphyseal
bone showed a prominent inflammatory infiltrate (acute
osteomyelitis). Later specimens taken at revision amputa-
tion showed complete recovery of the osteomyelitis, but
the ischaemia resulted in bony bridge formation and/or
growth plate arrest. These findings were initially reported
by Grogan, Love, Ogden et al (1989).4 Other authors
reported similar findings.8

We found a significantly higher incidence of growth
arrests in patients who had meningococcal septicaemia
before the age of 10 months. This concurs with the 
findings of Buysse, Oranje, Zuidema et al (2009) who
suggested that this was probably due to the higher 
vulnerability of the bony vasculature in younger
patients.15

The physeal injuries, being growth-dependent, present
later than the bony changes seen in the acute phase of
the illness.1,2,4,5,7-12 Patients in our study presented at an
average of 4.6 years following the acute illness, with a
range of 3-12 years of age at presentation, indicating
the unpredictability of this pathological process. This
stresses the need for follow-up to skeletal maturity of
all these patients.

Classification and anatomical distribution 
Complete arrest resulted in limb length discrepancy.
Focal arrest resulted in angular deformity if 
asymmetrical and if symmetrically central, resulted in
leg length discrepancy. The central arrests had either a
tented appearance (Figure 2A) or are shaped like a 
‘cup-and-saucer’ or ‘ball-and-socket’ (Figure 2B) as
described by Robinow, Johnson, Nanagas et al.10 They
postulate that this appearance may be due to two 
reasons. The centre of the growth plate is more 
vulnerable than the periphery which receives anasto-
moses from periosteal vessels. Occlusion of the
transphyseal vessel, which exists in infants under one
year of age, damages the physis and metaphysis with a
resultant cup-shaped appearance.

Premature arrest resulted in either leg length 
discrepancy or angular deformity depending on their
site. They occur in a diffuse irregular pattern in physes
previously documented to be normal on radiographic
examination. Grogan et al4 suggest that excessive 
undulation of a growth plate may be a warning sign.
This is not our experience (Figures 4A and B), but 
earlier MRI studies may show small areas of physeal
arrest not obvious on radiographs.

The deformities seen in the patients in our study
occurred with a similar distribution to those reported in
the literature.1,2,4,5,7-12 The majority of arrests (36/39)
occurred around the knee and ankle. Only one patient
had an upper limb growth arrest (distal radius) which
was complete. The reason for the increased incidence in
the lower limbs remains unclear. 

Bache and Torode5 reported a propensity for 
skin necrosis around the anteromedial aspect of the
knee and that nearly half of the patients requiring
debridement and grafting developed growth arrest.
They suggest that the high incidence of proximal 
tibial physeal arrest could be due to the anterior 
compartment of the leg having a vascular supply 
from one angiosome only, making the tissues more 
susceptible to ischaemia. 

Figure 10A and B. A-P radiograph of the right
tibia and left femur of the same patient shown in
Figure 2B. Simultaneous angular correction and
6 cm lengthening of tibia were done. Note distal
migration of proximal fibular head. The left
femur was lengthened 5 cm.
Figure 10C. Clinical picture; left tibial varus and
shortening still have to be addressed.

A B C

We found a significantly higher incidence of 
growth arrests in patients who had meningococcal 

septicaemia before the age of 10 months
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Treatment
These patients may require several orthopaedic proce-
dures. In our study group 62 surgical procedures were
performed on 13 patients, an average of nearly five per
patient and as many as 11 in one. Two of these patients
are still awaiting further corrective osteotomies and
lengthening procedures.

Procedures performed were classified into two broad
groups. They were either growth-balancing procedures
(epiphyseodesis or physeal bar resection) or salvage
procedures (angular correction or leg lengthening). An
important point is that salvage procedures should not be
undertaken in the presence of unbalanced growth.
Procedures from both groups can be done at the same
time, but if growth is not balanced the deformities will
recur. This was also noted by Belthur et al2 who found
that they had a higher recurrence of angular deformities
after correction around the knee (when epiphyseodeses
were not performed) than at the ankle (when they were).
In our study epiphyseodesis or successful bar resection
preceded angular correction and/or leg lengthening.
There was no recurrence of angular deformity or leg
length discrepancy in those patients followed to skele-
tal maturity. 

Epiphyseodesis 
The most commonly performed procedure was epiphy-
seodesis; most commonly performed around the ankle.
It was performed for three reasons: to balance the
growth in a limb affected by an asymmetrical focal
arrest; on the contralateral limb to address limb length
discrepancy; or on the proximal or distal fibula to
address fibular overgrowth when the adjacent tibial
physis was affected. Early epiphyseodesis to balance
growth is preferable to the severe angular deformities
which may result if it is delayed.

Physeal bar excision
In this study physeal bar excision was unpredictable.
Only four (57%) of our seven excisions were success-
ful. Grogan et al4 reported similar results, and Belthur
et al2 attempted three resections without success.

Although a discrete bar is radiologically identifiable,
one cannot presume that the rest of the growth plate is
healthy and there may be a more ‘diffuse involve-
ment’.2,5 Whether this ‘diffuse involvement’ is
detectable as small areas of arrest on MRI is currently
being investigated. Similar factors are probably respon-
sible for premature arrest in a previously ‘normal’
growth plate. Because of the inevitable failure of bar
resection in this study where more than 30% of the phy-
seal area was involved, our current policy is to attempt
bar resection only if the arrest is <30%, the rest of the
growth plate is normal on MRI, and the patient has
more than five years of growth remaining.16

Correction of angular deformity
A high recurrence rate of angular deformity following
corrective osteotomy has been reported in the literature,
and is attributed to failure to complete the epiphyseodesis
at the same time.2 This study has shown that if balanced
growth is achieved, with completion of epiphyseodesis or
with successful physeal bar excision, alignment is main-
tained.

All 20 angular corrections were at the knee (11) or ankle
(9). The vast majority (18) were in varus.

A problematic pattern of deformity was that of severe
proximal tibial recurvatum and varus. This has been
shown by Grogan et al4 to be due to involvement of the
anterior part of the epiphysis of the proximal tibia. This
was a particularly difficult deformity to correct and our
one failure occurred in such a patient due to peroneal
nerve palsy.

Ankle varus 
Ankle deformity was varus in seven of eight patients. This
was due to focal arrest of the distal tibia with resultant
fibular overgrowth. Fibular growth arrests were far less
common than in the tibia. The growth arrest in the distal
tibia was mainly of the ‘cup-shaped’ central type
described by Robinow et al10 and should have resulted in
leg length discrepancy, but fibular overgrowth caused or
contributed to a varus deformity (Figure 5).
Belthur et al2 and Bache et al5 showed that early fibular epi-

physeodesis prevented ankle varus. In late presenters with
established varus, a valgus osteotomy should be done at the
same time as the fibular epiphyseodesis. In some late pre-
senters, although the talus was tilted in varus, it was cen-
tralised on the tibia. As the foot was well aligned a fibular
epiphyseodesis only was required. At long-term follow-up
these patients were coping well with a ‘ball-and-socket’
appearance of the ankle joint (Figure 11).  

Figure 11. A-P
radiograph of
the right ankle
of a 12-year-old
girl who had a

fibular 
epiphyseodesis
and completion

of her tibial 
epiphyseodesis
at 5 years of age

showing a 
‘ball-and-socket’

appearance of
the ankle joint
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Limb lengthening
Limb lengthening had good results. A complication noted
during lengthening of the tibia was that of distal migration
of the proximal fibular head (Figure 10A). This occurred
as a result of premature union of the distal fibular osteoto-
my. This had no clinical significance. 

Loss of range of motion of adjacent joints is a common
complication in lengthening procedures and we stopped
lengthening if less than 30° of flexion was achievable at
an adjacent joint. Although we noted loss of motion in all
patients during lengthening, no lengthenings had to be
abandoned and all patients regained full range of motion
postoperatively (Figure 9E).

This article is the sole work of the authors. No benefits in
any form have been received or will be received from a
commercial party related directly or indirectly to the sub-
ject of this article.
This study has been approved by the Research Ethics
Committee of the University of Cape Town. Rec Ref:
347/2009
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