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Abstract

Background

Children with osteogenesis imperfecta suffer from frequent fractures and deformities due to
skeletal fragility. Stabilisation of fractures, correction of deformity and intramedullary rodding
result in decreased pain and improved function. Modern expandable intramedullary rods aim to
provide lasting stability during growth, without an increase in complications. The aim of our study
was to determine and compare the outcome of static Rush rods and expandable Fassier-Duval
rods in terms of complications and reoperation rate.

Methods

We reviewed the records of a cohort of 17 children (seven female) with osteogenesis imperfecta
(11 Sillence type lll, six Sillence type 1V) who were treated with intramedullary rods in the lower
limb between 2011 and 2017. They had 64 rodding (38 femoral and 26 tibial) procedures (26
Rush rods and 38 Fassier-Duval rods). These were a primary procedure in 46, and a revision
procedure after previous Rush rodding in 18 cases.

Results

The overall complication rate was 66% (n=42). There was a higher complication rate in the Rush
rod group (81%, n=21) when compared to the Fassier-Duval group (55%, n=21)(p=0.035). The
most frequent complication in the Rush rod group was distal deformity as the rod is outgrown
(69%, n=18). The most frequent complication in the Fassier-Duval rod group was intramedullary
migration due to a failure to expand (45%, n=17). Factors that were associated with increased
risk of complications included younger age (p=0.031), type of rod (p=0.035), and deformity as
an indication for surgery (77% complications, p=0.033). At a mean follow-up of 3.1 years, the
reoperation rate in the Rush rod group was 58% (n=15). Comparatively, at a mean of 3.7 years
follow-up, there were no reoperations in the Fassier-Duval group.

Conclusions

Despite the numerous innovations, the surgical management of lower limb deformities and
fractures in children with osteogenesis imperfecta remains challenging with a relatively high
complication rate. The use of Fassier-Duval rods may result in a lower reoperation rate when
compared to Rush rods, in the short term.

Level of evidence: Level 4
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Introduction

Osteogenesis imperfecta (Ol) is a rare disorder characterised
by a spectrum of skeletal fragility and associated features due
to collagen abnormality. Children who are affected commonly
present with progressive long bone deformities or fractures.
Surgical interventions in these patients are challenging due to the
combination of poor bone quality and severity of deformity. Several
studies have shown a high rate of complications and reoperations
associated with surgery.'®

Surgery typically involves deformity correction and/or fracture
fixation using either static or expandable intramedullary rods.®®
Intramedullary rodding in children with severe Ol has been shown
to prevent pain, fractures and deformity.® When combined with
bisphosphonates, intramedullary rod fixation results in improved
ambulation, gross motor function, self-care and mobility.® Static
and expandable rods share some of the same risks: external
rod migration, infection, physeal injury, rod breakage and rota-
tional malunion. Expandable rods have the potential benefit of
lengthening as the patient grows. While this potentially reduces
the risk of subsequent fracture or deformity, the use of these ex-
pandable rods can be associated with certain design-specific
complications. These include failure to expand due to epiphyseal
fixation failure and intra-articular penetration.28

The use of expandable rods results in a longer interval before
reoperation is required (from 2—2.5 years to 4-5 years).26.101 While
the complication rates of expandable rods remain high, this has
decreased with advances in implant design. Reported complication
rates of the Fassier-Duval (FD) rod (Pega Medical, Quebec,
Canada) are lower than those of earlier implants.”® There are
few reports describing the surgical management of Ol from South
Africa.®'2 Oduah et al. described the results of surgery using static
rods without a comparative analysis.® We see a high proportion of
children who are severely affected, and our practice has included
both the use of expandable and static intramedullary rods.

The aim of this study was to determine and compare the
reoperation and complication rates of static Rush rods (RR) and
expandable FD rods in the treatment of lower limb long bone
fracture and deformity in children with OI.

Materials and methods

Non-probability purposive sampling was used to identify a cohort
of 17 consecutive patients (64 cases) with Ol under the age of
18 years who had intramedullary rod fixation (expandable or rigid)
for the treatment of lower limb long bone fracture or deformity at
our tertiary paediatric orthopaedic unit between November 2011
and December 2017. All Ol patients younger than 18 years who
received surgical treatment of a lower limb fracture or deformity
were included. Cases with less than 12-month follow-up, or that
required plate or locked nail intramedullary nail fixation, were ex-
cluded. Each surgical procedure was regarded as a separate case.
If a previously operated limb segment required revision surgery,
this was recorded as a new case and the indication for surgery
recorded as a revision. Follow-up was calculated from the date
of the procedure for all cases and thus all revision cases were
handled as new cases. Reoperation was defined as the need for
repeat surgery in each case.

Following ethical approval, clinical data was extracted from the
paediatric orthopaedic database, together with the radiological
records stored in our picture archiving and communication system
(PACS). Data points included type of Ol (according to the Sillence
classification system), sex, mobility, age at surgery, site, indication
for surgery, rod type, rod diameter, follow-up period, complications

and whether reoperation was performed. Reoperation and
complications were the primary outcome variables. Possible com-
plications included infection, growth arrest, periprosthetic fracture,
rod breakage, rod bending, transcortical rod migration, migration
due to limited expansion and deformity (>10°) adjacent to an
outgrown rod. Reoperation was defined as an unplanned repeat
surgical event necessary to obtain the goals of the index procedure
or to prevent a secondary disorder.

The surgical technique of deformity correction and intramedullary
rod placement followed the description by Sofield and Fassier.6'3
The tibia and femur on one side were operated in the same setting
when multiple rods were required. The decision whether to use
static (RR) or expandable (FD) intramedullary rods was based on
an estimation of the rod size required and growth remaining. We
preferred RRs when 3.2 mm diameter or smaller rods were required
(although we did insert two 3.2 mm FD rods). This was due to
the high likelihood that rod revision would be required in younger
children and that the revision of RRs was likely to be simpler. If
less than two years of growth remained RRs were favoured as
well, as revision was unlikely to be necessary in these cases and
RRs were significantly more cost effective. The diameter of the FD
rods ranged from 3.2 mm to 5.6 mm (3.2, 4, 4.8 and 5.6 mm). The
diameter of RRs was either 3.2 or 4.8 mm (we did not have 4 mm
RRs available). Intravenous zoledronic acid (0.05 mg/kg diluted in
normal saline) was given as an infusion over 30 minutes after oral
calcium supplementation at six-monthly intervals at our Metabolic
Bone Clinic.

Statistical analysis was performed using Stata 15.0 (StataCorp.
College Station, Texas). Continuous variables were reported as
mean (t standard deviation [SD] and ranges) and categorical
variables as number and percentages. The primary dependent
outcome variables were complication and reoperation. The
Shapiro-Wilk test was used to analyse the distribution of data.
Normally distributed data (age, follow-up duration) were compared
with the use of the unpaired t-test, whereas the Wilcoxon rank-sum
test was used for non-parametric data (rod diameter). Categorical
data (sex, Ol type, rod type, surgical indication) were compared
using the Fisher’s exact test if the expected value in any cell was
below 5, or alternatively the Pearson’s chi-squared test. All tests
were two-sided and the level of significance was set at p<0.05.

Results

The study cohortincluded 17 patients (seven females). Two femoral
RRs were revised to locked intramedullary nails and excluded
from further analysis. One case was excluded due to a follow-up
duration of less than 12 months. This left us with 64 cases (rodding
procedures) that were included in the analysis. The breakdown
per segment was as follows: nine patients required rodding of
all four lower limb segments, six patients of bilateral femurs, one
patient of three segments (bilateral tibias and one femur) and one
patient a single femur. There were 46 (72%) primary procedures
and 18 (28%) revision procedures (15 FD rods and three RRs
were inserted at revision surgery). Of the 18 procedures that were
revisions, 13 were done following RRs that were also included in
our series as new FD cases. The other five revisions were required
following RRs that were done elsewhere before presenting to our
unit and the original procedures were not included in our series as
primary cases.
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Table I: Summary of the descriptive characteristics of our patients

Mean
Measurement n (%) Range
(years)

Patients
Procedures 64
Male 44 (69%) 6.6 3.1 2-14
Female 20 (31%) 7.6 3.1 4-16
Age (years) 64 6.9 3.0 2-16
Sillence type

Type llI 11 (65%)

Type IV 6 (35%)

(Rushrods

Age at surgery (years) 26 6.6 3.7 2-16
Follow-up 26 3.1 14 1.3-438

Complication rate 21 (81%)
Outgrown rod with deformity 18 (69%)
Outgrown rod with fracture 1 (4%)
Fractured rod and femur 1 (4%)
Proximal migration 1 (4%)

Reoperation rate 15 (58%)

Fassier-Duval rods

Age at surgery 38 71 25 2-11
Follow-up 38 3.7 1.5 1-6.4
Complication rate 21 (55%)

Failure to expand 17 (45%)

Joint penetration 3 (8%)

Proximal cut-out 1 (3%)
Reoperation rate 0 (0%)

Descriptive data are summarised in Table |. The mean age
at surgery was 6.9 years. There were 26 RRs and 38 FD rods
inserted during the study period. More femoral (59%, n=38) than
tibial (41%, n=26) rods were inserted. The indications for surgical
procedure were deformity correction (55%, 35/64), stabilisation of
fractures (17%, 11/64) and revision surgery for complications after
a previous RR procedure (28%, 18/64). These complications were
mostly recurrent deformity when the rod was outgrown (17/18),
and one case of proximal rod migration. The mean follow-up was
3.6 years (standard deviation [SD] 1.5, range 1 to 6.4 years).

A comparison of descriptive data between the RR and the FD
rod group is summarised in Table Il. There was no difference
between the two groups in terms of age, sex, type of Ol, site
(tibia or femur), or follow-up duration. While the number of cases
performed for fractures and deformities was comparable, there
were more revision procedures performed in the FD group (40%
vs 12%, p=0.022)

The complication rate in the RR group was 81% (n=21). The
most common complication (69%, n=18) was distal deformity when
the rod was outgrown (Figure 1). In addition, there was one fracture
of the rod and femur, one tibia fracture distal to an outgrown rod,
and one case of proximal migration into the gluteal region of an RR
in the femur. The reoperation rate for RRs during the study period
was 58% (n=15). The mean time to reoperation was 22 months
(SD 9 months, range 1-36 months).

The complication rate in the FD group was 55% (n=21).
The most common complication (45%, n=17) was limited rod
expansion (Figure 2), associated with a bent rod in 41% (n=7, four

Table II: Descriptive data reported for the Rush rod and Fassier-Duval
(FD) rod groups

Variable ST G A -value
n=26 (41%) | n=38 (59%) p-

Age (mean years + SD) 6.6+3.7 7.1+2.5 0.149
s |
Male 19 (73%) 25 (38%) 0.537
Type llI 19 (46%) 22 (54%) G20

Type IV 7 (30%) 16 (70%)

Femur 13 (50%) 25 (66%)

Tibia 13 (50%) 13 (34%) 0207

Deformity 17 (65%) 18 (47%) 0.155

Fracture 6 (23%) 5(13%) 0.331

Revision 3 (12%) 15 (40%) 0.022

mplantsize |

Rod diameter 3.9£0.1 4.7£0.6 <0.001

Follow-up (mean years + SD) 3.1+1.4 3.7+1.5 0.246

Figure 1. AP radiograph of the right femur of a 6-year-old boy. The rod is
outgrown, and distal deformity is evident.

femurs and three tibia) of cases. There were three instances (8%)
of distal articular penetration of the obturator segment of the FD
rod (two involving the ankle joint and one the knee). The articular
penetration in the ankles were both in a patient with small, distorted
distal tibial epiphysis. She was wheelchair-bound pre-operatively
and asymptomatic post-operatively, and replacement of the rod
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Figure 2. Standing AP radiograph of a 12-year-old boy six years after
deformity correction and Fassier-Duval rod insertion. Limited expansion is
present in all four rods with proximal migration of the obturator segment.
Distal migration of the sleeve segment is present only in the tibial rods.

was not attempted. The articular penetration in the knee was also
asymptomatic and, as it subsequently moved to a subcortical po-
sition during growth, did not require revision. In another case a
subtrochanteric proximal femur stress fracture, with an FD rod in
situ, resulted in varus deformity with proximal lateral transcortical
migration. She was asymptomatic and declined further surgery
(Figure 3). There was no case of infection or growth arrest ob-
served. There were no reoperations in the FD rod group.

Comparative data relating to the development of complications
are described in Table lll. Factors that were associated with in-
creased risk of complications included younger age (mean age
6.3+3 vs 8+3.1 years, p=0.031), type of rod (RR 81% vs FD rod
54%, p=0.035), and deformity as an indication for surgery (77%
complications, p=0.033).

Comparative data relating to the need for reoperation is
described in Table IV. Male sex correlated with an increased risk
of reoperation (male 32%, female 5%, p=0.025). We could not
detect any confounders in terms of severity of OI, age at surgery,
indication or implant choice that could explain this. Revision

Figure 3. AP radiograph of the left hip and proximal femur in a 12-year-old
girl. Lateral transcortical migration of the proximal Fassier-Duval rod due
to a subtrochanteric proximal femur stress fracture and varus deformity is
evident.

Table Ill: Comparative data related to the development of complications

Variable N.o . Complication | p-value
complication

Age (mean years + SD) 8+3.1 6.313.0 0.031

Male 14 (32%) 30 (68%)

0.523

Female 8 (40%) 12 (60%)
Sillence type

Type llI 15 (36%) 26 (64%) QG
Type IV 7 (30%) 16 (70%) ’
Femur 14 (37%) 24 (63%)

0.615
Tibia 8 (31%) 18 (69%)

Indication for surgery

Deformity 8 (23%) 27 (77%) 0.033
Fracture 6 (55%) 5 (45%) 0.166
Revision 8 (44%) 10 (66%) 0.289
Implant
Rush rod 5 (19%) 21 (81%)
0.035
Fassier-Duval rod 17 (46%) 21 (54%)

Implant size

Rod diameter 4.5+0.70 4.2+0.78 0.116
Rush rod diameter 3.5+0.71 4.0+0.82 0.280
Fassier-Duval diameter 4.8+0.33 4.5+0.64 0.053
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Table IV: Comparative data relating to the need for a reoperation

" Variable | Norsoporation | Reaperaton | pvaie|

Age (mean years = SD) 7.1£2.85 6.27+3.73 0.361

Male 30 (68%) 14 (32%)
0.025
Female 19 (95%) 1 (5%)
Sillence type
Type IlI 31 (76% 10 (24%
yp (76%) (24%) 0,810
Type IV 18 (78%) 5 (22%)
Femur 29 (74%) 9 (26%)
1.000
Tibia 20 (77%) 6 (23%)

Indication for surgery

Deformity 31 (76%) 10 (24%) 1.000
Fracture 7 (64%) 4 (36%) 0.268
Revision 17 (94%) 1(6%) 0.048

Rush rod
Fassier-Duval rod

11 (42%) 15 (58%)
38 (100%) 0 (0%)

<0.001

Diameter 4.5+0.69 3.8+0.81 0.007

procedures had a lower risk of subsequent reoperation (6% vs
30% in primary cases). Other variables that were associated with
a decreased need for reoperation included larger implant diameter
(p=0.007) and the type of rod (RR 58% vs FD rod 0%, p<0.001).

Discussion

The surgical management of long bone deformities and fractures
in Ol was pioneered by Sofield and Millar in 1959.% They described
deformity correction through multilevel osteotomies along with in-
tramedullary rod fixation. The static rods protected the long bone
from deformity and refracture in the post-operative period. With
subsequent growth, however, the segments distal or proximal to the
rods were prone to deformity or fracture, necessitating reoperation.
This led to the invention of expandable (or telescoping) rods,
designed by Bailey and Dubow.” These rods could potentially delay
reoperation when compared to solid rods but added complexity
and had their own unique set of complications.? Specifically,
the T-piece that provided epiphyseal fixation was susceptible to
articular displacement. The Sheffield rod, where the T-piece was
fixed, reduced the risk of displacement.” The FD rod was the first
single entry expandable rod system, preventing the need for distal
arthrotomy during insertion.® The FD rod has threaded epiphyseal
portions on both the obturator and sleeve sections that stabilise
the rod during expansion with growth. While the system allows for
epiphyseal locking of the obturator segment, we did not utilise this
option. Short-term follow-up of this device reports a reoperation
rate of 13%.8

The aim of our study was to determine and compare the
complication and reoperation rates in a cohort of children treated
with static and elongating intramedullary rods for lower limb
deformities and fractures due to Ol.

Our patient cohort consisted of children with Sillence type Il and
IV in similar proportions to other studies that reported the surgical
outcomes in children with O1.3".* The mean age at initial surgery
(6.9 years), similarly, is comparable to that of other reports on the
subject.2314

During the study period there was a higher complication rate in
the RR group (81%) when compared to the FD rod group (55%)
(p=0.035). This confirms the findings of previous studies showing
higher complication rates with the use of static rods.2%'5'7 The main
complication in the RR group was distal deformity, which occurred
when the rod was outgrown (86% of complications in this group).
This occurred despite bisphosphonate therapy. Our complications
in the FD rod group consisted mainly of rods that failed to expand
with growth (45%, n=17). In comparison, expansion failure was
reported in 33% (n=5) by Birke et al., and in 16% (n=28) of cases
by Azzam et al.%'" Lee et al. reported a 32% (n=13) failure rate
due to rod bending in 41 FD rods. The mean time to rod bending
was 4.0 years (range 0.9-8.2 years)."”” We confirmed this mode
of failure, as we found that 41% (n=7) of the 17 rods that failed to
expand had bent. Transcortical migration due to proximal femur
deformity, normally described in RRs with progressive deformity,
occurred with one FD rod after initial central placement subsequent
to proximal femur stress fracture.? Intra-articular penetration of the
obturator segment of FD rods has previously been reported.®"
This occurred in three cases in our series. Birke et al. described
a combined insertion technique to prevent articular penetration
where bone quality is poor and the epiphysis is narrow and
distorted, which might be useful in selected cases.® We found that
children who developed complications were operated at a younger
age (6.3 vs 8 years, p=0.031). Previous authors have also noted
this association. "

During our study period, with a mean follow-up of 3.6 years,
there had been no reoperations in the FD group. Contrastingly,
the reoperation rate was 58% in the RR group, with a mean time
to revision of 22 months. The expected time to reoperation after
deformity correction and static intramedullary rod fixation is 2-2.5
years.® Expandable rods are expected to delay this interval to
4-5 years.2"? Initial studies on FD rods reported a reoperation
rate of 13-14% at short-term follow-up.®°® Azzam et al. reported a
reoperation rate of 46% at a mean 4.3 years in a large cohort of
179 lower extremity FD rods.'" Most recently, Spahn et al. reported
a higher probability of survival for FD rods when compared to
static rods over the first 48 months (88.1% [95% CI 68-96%)] vs
41% [95% CI 25-56%])."* Our results corroborate the expected
improved survival of FD rods in comparison to RRs. Despite the
high rate of limited expansion seen in the FD rod group, there was
still a lower reoperation rate when compared to the RR group.

There are several limitations to our study. Our indications for
whether to use a static or expandable rod predisposed the study to
selection bias. Despite this, our study groups were comparable in
terms of type of Ol, age at operation, site and follow-up duration.
Documentation of mobility and functional status prior to surgery
and at the end of the study period was incomplete, limiting our
ability to evaluate the combined effect of intramedullary rodding
and bisphosphonate therapy. While longer follow-up would have
shed light on the expected survival of FD rods, we were able to
confirm the short-term difference in reoperation rate between RRs
and FD rods. With ongoing follow-up, monitoring of reoperations
will enable us to calculate the survival rate of the FD rods in our
study group. The small sample size prohibited the development of a
regression model to identify factors associated with complications.
A larger prospective series is required to shed further light on the
subject.

Conclusion

Despite the numerous innovations, the surgical management of
lower limb deformities and fractures in children with Ol remains
challenging. The complication rates of intramedullary rods are
relatively high. The most common complication of RRs was
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deformity at the distal end of the rod during growth, which frequently
necessitated reoperation. The most common complication of FD
rods was failure to expand during growth. Despite this complication,
the use of FD rods may result in a lower reoperation rate when
compared to RRs in the short term.
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