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The patient-related factors in revision s

procedures on tibia of patients
with osteogenesis imperfecta treated
with the Peter-Williams nail
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Abstract

Objective To investigate the patient-related factors that affect the revision rate for the tibia in patients with osteo-
genesis imperfecta treated with the Peter-Williams nail, and to explore the relationship between the risk factors
and complications postsurgery.

Methods We retrospectively analysed the data of 211 patients (93 females (44.08%) and 118 males (55.92%))

with osteogenesis imperfecta treated with Peter-Williams. The factors affecting surgical revision were analysed by per-
forming binary logistic regression. Then, a total of 211 patients with type lll, type | or type IV Ol were divided into five
groups according to the results of regression. Statistical comparison of these groups was performed to further inves-
tigate the relationship between patient-related factors and revision procedures. Statistical comparison was also per-
formed to analyse the relationship between the classification and postoperative complications.

Results Among the 211 patients who underwent surgery, 40 had type | O, 109 had type IV Ol, and 62 had type IIl Ol.
Binary logistic regression revealed that the classification (OR=3.32, 95% Cl 1.06-10.39, P=0.039) and initial opera-

tion age (OR=0.83, 95% C1 0.76-0.92, P <0.001) were significantly correlated with revision procedures. In type Il
patients, the initial operation age was significantly correlated with revision procedures (P<0.001), and the revision rate
was lower in patients aged 9 to12 years (P=0.001). In type | and IV patients, the initial operation age was not signifi-
cantly correlated with revision procedures (P=0.281). Classification had a significant effect on postoperative deformity
(P=0.003).

Conclusions The study reported that the age of initial surgery and classification were the influencing factors affect-
ing the revision procedures of tibia in patients with osteogenesis imperfecta treated with the Peter-Williams nail.

In patients with type Il disease, the revision rate was lower individuals aged 9-12 years old, and a higher incidence
of postoperative deformity was observed.
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Background

Osteogenesis imperfecta (OI) is a group of genetic
diseases characterized by bone fragility. Even among
patients with the mildest cases of OI, the risk of long
bone fracture is 100 times higher than that among
healthy individuals [1]. Traditionally, OI has been clas-
sified as mild (type I), moderate (type IV), severe (type
III), and fatal (type II) based on the severity of the dis-
ease [2, 3]. To date, a variety of clinical features have been
reported to be associated with OI: increased bone fragil-
ity, osteoporosis, multiple fractures, blue sclera, progres-
sive deafness, and joint laxity, among others [4]. Patients
with type I have the mildest form of OI, and they hardly
ever show symptoms throughout their lives. However,
compression fracture of the vertebral body has been
widely observed in patients with type I, leading to mild
scoliosis in adults [5]. Type II is the most serious type of
Ol thus, type II is not discussed in this article because
almost all patients with type II die during the perinatal
period. Type III is the most severe type of Ol among sur-
viving patients. Type IV, which is characterized by local
sclerosis of bone, is a compilation of various forms of dis-
ease that are milder than type III.

Although the causes of OI are being revealed, there are
not yet any fundamental treatments [6]. The main treat-
ment methods for patients with types I and IV are com-
prehensive approaches such as surgical correction, drugs,
and rehabilitation based on the classification and clini-
cal conditions; these approaches, aim to provide the best
long-term function and autonomy [7]. Although medi-
cal management involving the use of bisphosphonates
has improved the outlook for patients with osteogenesis
imperfecta, surgery provides the best option for prevent-
ing fractures and deformity [8]. In the past ten years, the
field of femoral surgery in OI has been explored stead-
ily, but research on tibial surgery is still very poor [9].
Despite a high rate of complications, intramedullary
rodding has been proven to be the most successful treat-
ment for the prevention and correction of fractures and
deformities of long bones [10, 11]. Based on the use of
different fixation rods, tibial implants can be divided
into Peter-Williams nails, rush rods, modified rush rods,
plate, screws, and Kirschner wires. Regarding the com-
plication rate and cost, tibial surgery for Peter-Williams
nail implantation is widely performed at our centre.
The results of studies on individual-based surgery pro-
grams for patients with different types of OI have been
inconclusive; the recommended age of surgery, the rate
of complications, and the revision rate of patients who
undergo tibial surgery remain uncertain. The purpose of
this study is to determine which patient-related factors
can affect the revision procedures of tibia in patients with
osteogenesis imperfecta treated with the Peter-Williams

Page 2 of 8

nail and to investigate the relationship between the risk
factors and complications.

Materials and methods

Study design and population

This study was retrospective analysis of data from
patients with OI managed at our centre. This article
explored the effects of sex, the initial operation age, angle
of the deformity and classification of OI on revision rate
of patients treated with the Peter-Williams nail in the
tibia diagnosed with lower extremity deformity. A total
of 2128 patients with OI were followed clinically and
radiologically at our centre from 2001 to 2021, and 211
patients with a diagnosis of OI were included based on
the inclusion and exclusion criteria, as shown in (Fig. 1).
All patients in our cohort had a history of conservative
treatment with bisphosphonates and other drugs, and
underwent initial operation with the Peter-Williams nail
after conservative treatment failed, which was defined
as the failure to achieve the ability to live independently
despite restricted mobility. All procedures were con-
ducted or followed up by our surgical team of three
surgeons to avoid bias. All patients in the final cohort
underwent conservative treatment with calcium and
bisphosphonate before the initial operation with the
Peter-Williams nail. The follow-up period was set at a
minimum of 96 months and a maximum of 120 months.
This article focused on the revision rate of ten years. In
the final cohort, the retrospective study consisted of 211
patients (93 females (44.08%) and 118 males (55.92%)).
Overall, 40 patients had Sillence type I, 62 patients had
Sillence type III, and 109 patients had Sillence type IV.
The following data were collected: sex, initial operation
age, angle of the deformity, classification of OI, revision
procedures, and incidence of complications. There were
several complications associated with this procedure:
refracture; deformity; and implant-related complications,
including migration, breaking or bending of the implant,
and nonunion of the bones. Most of the implant-related
complications in this study were secondary to refracture
or deformity, so refracture and deformity were recorded,
and the location was distinguished. Then a total of 211
patients with type III, type I or type IV OI were divided
into the following five age groups: less than or equal
to 4 years old, from 5 to 8 years old, from 9 to 12 years
old, from 13 to 16 years old and greater than or equal to
17 years old.

Clinical classification

The classification was completed by three surgeons, and
no significant difference was found. According to the
revised Silence type of OI, 62 patients were type III (19
patients underwent revision, 43 patients did not undergo



Zhu et al. Journal of Orthopaedic Surgery and Research (2023) 18:532

2128 patients assessed for eligibility
Inclusion criteria:

Clinical diagnosis of OI

2<Age<22

Serial radiographs and intact clinical data

1432 patients were assessed for

eligibility
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Exclusion criteria of patients
Without surgical inventions for tibia, N =456
Loss to follow-up or follow-up < 8 years, N =472

504 patients were

selected

preliminarily

Exclusion criteria of procedures

Other types of implants than Peter-Williams nail, N =31
The initial operation in other center, N=146

Without conservative treatment before operation, N=116

211 patients included in the final cohort

Fig. 1 Flow chart of the inclusion and exclusion of this cohort study

revision), and a total of 149 patients were type I and type
IV (31 patients underwent revision and 118 patients did
not undergo revision).

Indication of surgical intervention

Patients with OI and tibial fractures or deformities older
than 2 years were treated surgically, and patients younger
than 2 years were typically treated conservatively. The
following criteria had to be met for realignment oste-
otomies and Peter-Williams nail fixation in our centre: a
tibial fracture or deformity; older than 2—3 years of age;
more than 10 kg; the body is able to tolerate the opera-
tion; without other disease; and without operational
contraindications. Due to unpredictable fractures and
progressive deformities, revision procedures were neces-
sary to replace or remove implants.

Imaging data
Postoperative and follow-up radiographs including
X-rays of the full-length (front and side) and CT of both

lower limbs were evaluated to confirm osteotomy union.
Standard radiographs were taken every 2 weeks until
bone union was complete or the patients were revised
and then once per month until the last review. Accord-
ing to the follow-up of the patients’ medical history and
imaging data, the classification of participants was identi-
fied. The angle of the tibial deformity was measured using
RadiAntviewer. Two researchers performed the measure-
ments independently. Finally, the average value of the two
measurements was taken and accurate to one decimal
place.

Statistical methods

Statistical analyses were performed using SPSS 25.0
(SPSS Inc., Chicago, Illinois, USA). The influencing fac-
tors were obtained through binary logistic regression.
Normally distributed measurement data were expressed
as the mean * standard deviation, and non-normally dis-
tributed data was expressed as the median (P25, P75).
The comparison of continuous variables (Initial operation
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age, Angle of deformity) between groups was performed
by the Mann—Whitney U test. The comparison of cate-
gorical variables (Gender, Sillence classification) between
groups was performed by the chi-square test. Statistical
significance was set at P<0.05.

Results

A total of 211 patients were included in the retrospective
analysis, including 118 males and 93 females who under-
went the Peter-Williams nail procedure (Table 1). Typi-
cal cases before and after the operation were shown in
(Additional file 1: Fig. S1). To study the specific factors
affecting postoperative revision, we included sex, initial
operation age, angle, and classification in a binary logis-
tic regression equation. The effect of initial operation age
on revision was statistically significant (OR=0.83, 95%
CI 0.76-0.92, P<0.001) (Table 2); the impact of type III
on revision was statistically significant (OR=3.32, 95%
CI 1.06-10.39, P=0.039) (Table 2) compared with type
I, while the impact of type IV on revision was not statis-
tically significant compared with type I. Sex had no sig-
nificant effect on revision (OR=0.63, 95% CI 0.32-1.27,

Table 1 People demographics
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P=0.201) (Table 2), and the effect of angle on revi-
sion was not statistically significant (OR=1.00, 95% CI
0.99-1.02, P=0.700) (Table 2); The angle of preoperative
deformity of the tibia did not have a significant effect on
the revision rate.

All patients with type III OI who were aged less than
or equal to 4 years underwent revision; 56.5% of patients
with type III OI who were aged from 5 to 8 years under-
went revision; 9.5% of patients who were aged from 9 to
12 years underwent revision; no patients aged from 13 to
16 years underwent revision, and no patients aged greater
than or equal to 17 years underwent revision. There were
significant differences in the impact at age of initial oper-
ation on postoperative revision in patients with type III
OI (P<0.001, Fig. 2a). There was no significant difference
between patients aged less than or equal to 4 years old
and patients aged from 5 to 8 years old (P=0.50) (Fig. 2a).
There was no significant difference between patients aged
less than or equal to 4 years old and patients aged from
9 to 12 years old (P=0.024) (Fig. 2a). There were signifi-
cant differences between patients aged from 5 to 8 years
old and patients aged from 9 to 12 years old (P=0.001)

Characteristic Total Revision Non revision p-value
(n=211) (n=50) (n=161)
Sex, n (%) 0.052*
Male 118(55.92) 22(18.64) 96(81.36)
Female 93(44.08) 28(30.11) 65(69.89)
Initial operation age (yrs) <0001"
Median (IQR) 9.00(6.00) 10.00(6.00) 9.00(6.00)
Mean (SD) 10.06(5.48) 11.19(5.52) 9.58(5.42)
Angle 0931"
Median (IQR) 29.80(21.10) 44.20(43.80) 27.50(15.25)
Sillence, n (%)
Typell 40(18.96) 6(12.00) 34(21.12) 0.068"
Type lll 62(29.38) 19(38.00) 43(26.71)
Type IV 109(51.66) 25(50.00) 84(52.17)
SD = Standard Deviation, IQR: interquartile range. #Pearson’s chi-square; AMann-Whitney U test
Table 2 Binary logistic regression equation
Characteristic Group B value Standard error Wald value P value OR value 95%CI of OR
of B
Sex Male -047 036 1.64 0.201 0.630.32-1.27
Female
Initial operation age -0.19 0.05 14.13 <0.001 0.83 0.76-0.92
Angle 0.003 0.01 0.15 0.700 1.00 0.99-1.02
Sillence type Ill 1.20 0.58 4.26 0.039 3.321.06-10.39
Sillence type IV 0.54 053 1.05 0.305 1.72061-4.84

OR = Odds ratio, Cl = confidence interval
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Fig. 2 The revision rate of 211 patients with type Ill Ol (a) and types | and IV Ol (b) divided into 5 groups based on the initial age at surgery

(Fig. 2a). There was no significant difference in the
impact at age of initial operation on postoperative revi-
sion between type I and type IV patients (Fig. 2b). The
revision rate of surgery was the lowest for patients with
type III OI who were aged 9 to 12 years old.

Out of the 211 patients, we recorded 50 complications:
6 in type I, 19 in type III and 25 in type IV OI (Fig. 3).
Biterminal deformity accounted for the vast majority of
complications in patients with OI of type I and type III,
and the four categories of complications were relatively
uniform in patients with OI of type IV. Classification

100

80

Proportion of complications

I | ‘ | T IJ

mainly affected the incidence of the deformity as one of
the postoperative complications, and there was a signifi-
cant difference in the rate of this complication between
patients with type III and type IV OI (P=0.003) (Fig. 4).

Discussion

This study explored the patient-related factors affecting
the revision procedures of tibia in patients with osteo-
genesis imperfecta treated with the Peter-Williams nail
and investigated the relationship between the risk fac-
tors and complications. We found that the age at initial

Biterminal deformity
Midpiece deformity

Biterminal fracture

renl

Midpiece fracture

Ol type I OI type II1

OI type IV

Fig. 3 The proportion of complications included biterminal deformity, biterminal fracture, midpiece deformity, and midpiece fracture in patients

with Ol
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Fig. 4 Detailed figure of proportions of the complications in patients with Ol. a The proportions of biterminal deformity in patients with Ol. b The
proportions of biterminal fracture in patients with OI. ¢ The proportions of midpiece fracture in patients with Ol

surgery and classification had a statistically significant
influence on the revision rate, and the revision rate was
lower for type III patients aged 9 to 12 years old. The
study also reported a higher incidence of postoperative
deformity in patients with type III OL

The treatment objectives for OI include reducing the
incidence of fractures, improving pain, and promoting
growth, activity, and functional independence. How-
ever, it is important to note that the vast majority of OI
patients are children whose bones are still in the growth
stage. It usually needs to be revised again to complete
functional reduction for the tibia of people with OI
because of fracture or deformity occurring a few years
after surgical treatment [12].

Compared with traditional children with fractures,
fixation with plates and elastic nails was not suitable for
children with Ol Enright W] et al. discouraged the use
of plates for long bones because of the increasing risk of
fracture of the plate’s edge [13]. Popkov et al. confirmed
that elastic nails were ineffective and prone to revision
when used in patients with OI [14]. Fractures were the
most common complications occurring at the middle of
the elastic nail where the stress was concentrated. Sterian
A et al. recently reported fewer complications related to
the anchorage system with the use of the Fassier-Duval
rod in tibial fracture of patients with OI [15, 16]. How-
ever, the extension of the Fassier-Duval rod required an
incision from the arthrotomies at the ankle and knee,
which caused multiple injuries to the joint [17]. Moreo-
ver, the inner core thread of the Fassier-Duval rod can-
not be fixed effectively by the distal tibial bone, especially
for younger children with a small diameter of the medul-
lary cavity [18]. The Peter-Williams nail had more unique
advantages in tibial orthopaedic treatment than other
implants, such as the Rush nail, Kirschner wire and tel-
escopic rod. Insertion of the Peter-Williams nail does not
require an incision from the arthrotomies at the knee,
which causes few injuries to the joint. The intramedullary

nail remained completely in the medullary cavity rather
than left outside the cortex of bone compared with the
Rush nail and Fassier-Duval rod. Moreover, the Peter-
Williams nail was associated with relatively low cost and
high convenience to for reoperation [19].

Above all, different implants had different risks of revi-
sion for patients with OI because of the various mecha-
nisms of action and associated complications. When
patients underwent stabilization with plates and screws,
complications including screw loosening and fracture
around the plate were reported [13]. When patients
underwent operations with elastic and non-elongating
rods, the incidence of complications was high, and the
revision rate was high [14, 20]. Moreover, patient-related
factors can also increase the risk of revision and compli-
cations in patients with OL In our cohort, the risk of revi-
sion was found to be correlated with the classification of
OI and initial operation age. However, interestingly, the
preoperative tibial deformity angle cannot affect the revi-
sion rate, which seems inconsistent with the traditional
concept [21]. It is speculated that the preoperative bend-
ing angle may not only be related to the classification but
also be relevant to objective factors including the living
environment. The data of 211 patients were divided into
five different cohorts based on variations in the distribu-
tion of osteogenesis imperfecta types and characteristics
of bone growth and development in children. During
puberty (characterized by an age of 12 years old), the
fracture rate is high, which plays a fundamental role in
the accumulation of bone mass [22].

The current study found that classification was an
influencing factor on revision procedures, which was
consistent with the finding that patients with type III OI
were more likely to have progressive deformity after the
initial surgery. Type III OI patients had a greater degree
of bone fragility and were more likely to develop progres-
sive deformity after surgery, which usually required revi-
sion [23]. In our cohort, a higher risk of deformity was
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found in type III OI patients than in type I and type IV
OI patients. Van Dijk FS et al. reported that individuals
with type III OI usually have newborn or infant presen-
tation with bone fragility and multiple fractures leading
to progressive deformity of the skeleton [24], which was
consistent with the data collected in our study.

The age of initial surgery was also an influencing fac-
tor on revision procedures, because bone mineral density
and bone fragility changed at different ages. There was
no consensus on the ideal age for surgery. The incidence
of complications in intramedullary fixation was higher
among those under 5 years of age, than among older chil-
dren. In addition, bone growth was the fastest during the
first years of life, and the need for further surgery (revi-
sion) was obvious [1, 25].

Additional limitations of the obvious study stem
from its duration of follow-up (which was only short to
medium-term in some studies), which could have intro-
duced recall bias and the small number of patients. This
study breaks through the limitation with a long duration
of follow-up of 8-10 years and big data of patients even
Ol is a rare disease, especially in tibia. Our study can pro-
vide additional clinical data for tibial surgery in patients
with osteogenesis imperfecta and evidence that the age of
initial surgery and classification affect the revision rate of
tibial surgery with the Peter-Williams nail.

Conclusion

The study reported that the age of initial surgery and
classification were the influencing factors in revision pro-
cedures on tibia of patients with osteogenesis imperfecta
treated with the Peter-Williams nail and appropriate sur-
gical treatment at the age of 9-12 years old can reduce
the revision rate in patients with type III OI. The current
study also reported a higher incidence of deformity in
patients with type III OL
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@] Confidence interval
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