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Abstract

Introduction: The optimal surgical treatment for Vancouver B2 and B3 fractures has not been determined, and bone
defects and delays in fracture healing significantly affect treatment outcomes. Some authors have argued that when a
serious bone defect is present, the use of cortical strut allografts for the treatment of type B2 and B3 periprosthetic
femoral fractures (PFFs) after hip joint replacement may be beneficial. This study aimed to determine the usefulness of
cortical strut allografts based on mid-to long-term clinical radiologic results after surgical treatment of Vancouver B-type
PFFs. Methods: We retrospectively reviewed the outcomes of 48 patients with postoperative PFFs. The mean duration
of follow-up was 6.7 years. The 22 patients were treated with cortical strut allograft. Each case was characterized and
described in detail, including the length of allograft and the union period, and possible correlations between allograft
length and strut-to-host bone union were analyzed. Clinical evaluations included Parker mobility and Harris hip scores.
At the final follow-up, we assessed the radiological results using the Beals and Tower’s criteria, stem subsidence, and
fracture union time. Results: All 48 fractures united at an average of 21.5 weeks, and strut-to-host bone union was
typically observed within 32 months. No positive correlation was identified between the allograft length and incor-
poration period. There was one deep infection and four cases of dislocation, but there was no fracture or malunion of the
cortical strut allografts. No evidence of femoral loosening was observed in any of the patients. Conclusion: Cortical
strut allografts used to treat type B PFFs showed high rates of bone union and survival. In mid-to long-term follow-up, the
cortical strut allograft length did not affect to incorporation time. The author concluded that cortical strut allografts are
useful treatment for PFFs regardless subtype classification of the Vancouver type B.
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Table I. Analysis of the Postoperative Periprosthetic Femoral Fractures.

Stem Bone Management algorithm of the Vancouver Union time Union Nonunion
Type fixation stock classification (wks) (cases) (cases)
Bl  Well-fixed Good Plate or cerclage 25.13 16 0
Cortical strut and plate 16.25 16 0
B2  Loose Good Revision to long stem 25.6 10 0
Revision and augmentation with allograft 16.5 4 0
B3  Loose Poor Revision and augmentation with allograft 18 2 0

The Vancouver classification is commonly used for PFFs
as it combines the advantages of previous classifications and
considers bone and fracture site quality and stability char-
acteristics® (Table 1) and is reliable and valid.* However,
from a practical perspective, objective evaluation criteria for
assessing the bone quality and stability of artificial implants
are lacking. In addition, no consensus has been reached
regarding the selection of internal fixation for various
fracture patterns.

Since they were first described by Penenberg in 1989,
cortical strut allografts have been used as a major fixing
method for Bl-and C-type PFFs, or as an auxiliary fixing
method when metal plates are used.” Furthermore, the use
of cortical strut allografts provides advantages in terms of
PFF fixation, restoration of partial femoral defects, re-
directing stress, and stabilizing proximal femoral allograft-
host junctions.

Accordingly, some authors have argued that when a
serious bone defect is present, the use of cortical strut
allografts for the treatment of type B2 and B3 PFFs after
hip joint replacement may be beneficial.>” The optimal
surgical treatment for Vancouver B2 and B3 fractures
has not been determined, and bone defects and delays in
fracture healing significantly affect treatment outcomes.
Recent studies have demonstrated that prosthetic
loosening is the most important mid-to long-term
problem after Vancouver B2 or B3 surgery.® This
study aimed to determine the usefulness of cortical strut
allografts based on mid-to long-term clinical radiologic
results after surgical treatment of Vancouver B-type
PFFs.

Methods

Study Population

Fifty-two patients with Vancouver type B PFF were
treated at INHA University Hospital by internal fixation
or revision arthroplasty with or without cortical strut
allografts from December 2001 to December 2020. Four
patients were died during follow up. Fourty eight of
these patients [14 men (29%) and 34 women (71%);
average age 76.79 (£13.46 years)] were followed up for

at least 2 years and constituted the study cohort. The
average follow-up period was 6.7 years (range, 2.3-
13.8 years). The average patient BMI was 23.54 kg/m?
and the average BMD was a T-score of —3.3. Prior to
PFF, these patients cumulatively underwent 6 total hip
replacements, 42 hemiarthroplasties, and 4 cemented
and 44 cementless stems were implanted. Four cases
were used cemented stems in primary THA, but all
revised stems were used uncemented. All surgeries were
performed by the senior author.

Classification and Operation

PFFs were classified using the Vancouver system; 32 and 14
patients were classified as Vancouver type Bl or B2, re-
spectively, and 2 patient was classified as Vancouver type B3
(Table 1). In general, Vancouver type B1 patients were treated
with internal fixation, B2 patients underwent revision ar-
throplasty, and type B3 patients underwent revision arthro-
plasty and supplementary internal fixation.” However, in our
study, 16 of 32 Vancouver B1 patients underwent only in-
ternal fixation, and the remaining 16 patients underwent
cortical strut allograft and internal fixation (Figure 1).

Of the fourteen Vancouver B2 patients, 10 underwent
revision arthroplasty with internal fixation and the remaining
four patients underwent revision arthroplasty and cortical
strut allograft (Figure 2). Two patient with Vancouver type B3
were treated with revision arthroplasty and internal fixation
with cortical strut allograft placement. LCP-DF (Locking
compression plate-distal femur) (Johnson & Johnson, USA,
New Jersey) were used in 2 cases using strut allografts in
Vancouver type B2, and LC-LCP (Limited contact-locking
compression plate) (Johnson & Johnson, USA, New Jersey)
curved broad were used in the remaining cases. The average
number of LCP-DF holes was 11 and the length was 310 mm,
and the average number of LC-LCP curved broad holes was
10.7 and the length was 238 mm. The criteria for cortical strut
allograft placement were extensive bone loss during surgery,
instability after internal fixation, revision arthroplasty, or a
transverse fracture at the end of the stem. All strut allografts
were mainly located on the medial side of femur. However, if
size of strut graft was large, graft bone was covered anterior
chamber too.
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Figure |. A 43-year-old male patient suffering from a periprosthetic fracture resulting from a fall underwent open reduction, internal
fixation and cortical strut allograft. (A) Preoperative X-ray reveals a Vancouver type Bl fracture. (B) Anterior posterior and axial
views of the femur following open reduction, internal fixation and cortical strut allograft. (C) One-year postoperative X-ray showing

complete incorporation.

Figure 2. A 76-year-old female patient suffering from a periprosthetic fracture resulting from a fall underwent Revision THA, internal
fixation and cortical strut allograft. (A) Preoperative X-rays demonstrate a Vancouver type B2 fracture. (B) Anterior posterior and
axial views of the femur following Revision THA, internal fixation and cortical strut allograft. (C) Complete incorporation was

observed after 16 months.

Table 2. Clinical Factor of Periprosthetic Femoral Fractures.

BI+ ORIF* (16) Bl+ ORIF* +allograft (16) P-value
Fracture union time (wk) 25.13 £ 9.31 16.25 + 4.33 0.028
Subsidence 0.25 +0.18 0.43 £ 0.74 0.524
Beals and Tower’s criteria 1.88 £ 0.35 2.00 + 0.00 0.334
HHS (harris hip score) 87.75 £ 2.76 87.13 £ 7.77 0.833
Pre parker mobility score 3.75 + 238 4.00 £ 2.00 0.823
Post parker mobility score 5.50 + 2.73 6.50 + 1.93 0411
B2+ THRA** revision (10) B2+ THRA** revision + allograft (4) P-value
Fracture union time (wk) 256 + 3.58 16.50 + 0.71 0.02
Subsidence 1.82 £ 1.9 0.55 £ 0.64 0.44
Beals and Tower’s criteria 1.80 £ 0.45 2.00 £ 0.00 0.576
HHS (harris hip score) 84.6 £ 9.53 93.00 + 0.00 0.292
Pre parker mobility score 3.80 + 1.30 3.00 + 0.00 0.45
Post parker mobility score 6.40 + 1.34 4.00 £ 0.00 0.062

*ORIF: open reduction internal fixation.

**THRA: total hip replacement arthroplasty.
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Clinical and Radiologic Evaluations

Medical records were reviewed to evaluate the clinical and
radiologic outcomes at the final follow-up visits. Clinical
results included Parker mobility and Harris hip scores
before and after the surgery. The results were considered
satisfactory for Harris hip scores >80.” Radiological results
included evaluations of stem subsidence and the Beals and
Towers criteria'® (Table 2). Subsidence was measured by
the inferior migration of the femoral stem more than 5 mm.
The timing of allograft incorporation for those that re-
ceived a cortical strut allograft was also evaluated. Allo-
graft incorporation was characterized by evaluating a
series of postoperative radiographic studies generated the
following classifications of cortical strut allografts by
round off, partial bridging, full bridging, removal, and
resorption. Incorporation of the allografts was defined as
trabecular bridging between any part of the graft and the
host bone during the follow-up period.'' In addition, the
relationship between the time to allograft incorporation
and the cortical strut allograft length was examined.

Comparison of Those Treated With or Without a
Cortical Strut Allograft

Vancouver type B patients were divided into two groups
based on the receipt of a cortical strut allograft (CSA (n =
22) and non-CSA (n = 26) groups), and demographic
factors (sex, BMI, BMD, ASA score), clinical factors
(Harris hip score, Parker mobility before and after sur-
gery), and radiological factors (subsidence, fracture site
union) were compared. Fracture union was defined as the
presence of osseous trabeculae that crossed the fracture
line.

Postoperative Rehabilitation

We recommended partial weight bearing in type B1, B2, or
B3 after postoperative 6 weeks. However, fracture, per-
foration during surgery, decreased bone density, or relative
unstable fixation cases were restricted weight bearing until
8 weeks after surgery.

Statistical Analysis

For categorical variables, the chi-square test was used to
compare patient’s demographic, clinical, and radiographic
factors. For normally distributed variables, ANOVA and
Student’s #-test were used. Spearman’s correlation analysis
was used to evaluate the correlation between cortical strut
allograft length and time to incorporation, and Kaplan-
Meier analysis was used to evaluate the union rate of
allografts or removal of cortical strut allografts rates. The
analysis was performed using SPSS version 22.0.0, and

statistical significance was accepted for P <.05. The study
protocol was approved by the Institutional Review
Committee of Inha University Hospital (INHAUH 2022-
02-001-000).

Results

The overall clinical results of the 48 patients were satis-
factory, with an average Harris hip score of 87 points
(range, 82-93 points). The mean Parker mobility scores
before and after surgery were 3.7 and 5.7. Radiologic
results according to the Beals and Towers criteria were
excellent for 42, satisfactory for 4, and poor for 2. Mean
subsidences was .6 mm (range, 0-4 mm), and the mean
allograft incorporation time was 17.5 months (range, 10-
32 months). The mean length of cortical allografts used in
fracture patients, as shown in Table 3, was 167.23 mm
(128-209 mm), and the cortical strut allograft length did
not influence the time to allograft incorporation (P = .75).
A mean 1.1 cortical struts (range, 1-2) were used per case
and applied to bone defects and unstable lesions.

There was no difference in sex between the CSA and
non-CSA groups (P = .85). Mean BMIs in the non-CSA
and CSA groups were non-significantly different at 24.3 +
2.9 and 22.6 + 4.2 kg/m?, respectively (P =.26). The mean
BMDs in these groups were not significantly different
(—3.1£.9 and —3.6 £ 1.5, respectively) (P = .34), and the
mean ASA scores were also not significantly different (2.4
+.7 and 2.8 + .8, respectively) (Table 4). Table 4 shows that
there is no difference in age and gender, BMI, BMD, ASA
by group to remove variables as much as possible. When
comparing the CSA and non-CSA groups, the Harris hip
score did not differ between the groups (P = .83 & .29).
The mean Parker mobility scores did not differ between the
groups (Table 2). Among PPF patients, the mean subsi-
dence of B1 patients within non-CSA group was .25 +
.18 mm, and that of B1 patients within CSA group was .43
+ .74 mm. No difference was found between the two
groups (P = .52). The mean subsidence of B2 patients
within non-CSA group was 1.82 + 1.9 mm, and that of B2
patients within CSA was .55 = .64 mm. No significant
difference was found between the two groups (P = .44)
(Table 2). No fracture site non-union was observed
postoperatively. The mean time to fracture site union for
the Vancouver classification types was 21.1 weeks (range,
10-36 weeks) for type B1 fractures, 22.1 weeks (range, 16-
28 weeks) for type B2 fractures, and 24 weeks for type B3
fractures. Type Bl fractures treated with a metal plate or
circular wiring alone took a mean of 25.1 weeks (range,
10-36 weeks) to achieve fracture union, and the 16 Bl
fractures that received an additional cortical strut allograft
took a mean of 16.2 weeks (range, 10-22 weeks) (P = .02).
For the fourteen B2 fractures, revision arthroplasty
achieved union in 25.6 weeks (range, 20-28 weeks),
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Table 3. Cortical Strut Bone Length and Incorporation Time.
Incorporation time Strut bone length P-value

Bl1+ ORIF +allograft 17.32 £ 533 161.7 0.751
B2+ THRA revision + allograft 17.40 £ 0.8I 172.8
B3+ THRA revision + allograft 18 209.2
*ORIF: open reduction internal fixation.
**THRA: total hip replacement arthroplasty.
Table 4. Demographic Factors of CSA* & non-CSA*.

Total non-CSA* (M % SD) CSA* (M £ SD) P-value
Sex Male (n) 14 8 6 0.859

Female (n) 34 18 16

Age 76.79 £ 12.92 76.00 + 13.67 77.73 £ 12.58 0.752
BMI 23.54 + 3.59 24.30 + 2.90 22,63 + 422 0.264
BMD (—3.37) £ 1.24 (-3.14) £ 0.98 (—3.64) £ 1.50 0.34
ASA score 2.63 £ 0.82 246 + 0.78 2.82 + 0.87 0.301

*CSA: cortical strut allograft.

whereas reinforced by internal fixation and a cortical strut
allograft achieved union at a mean 16.5 weeks (range, 16-
17 weeks) (P =.02). Two cases of B3 fracture were treated
with a combination of revision arthroplasty, internal fix-
ation, and cortical strut allograft reinforcement, and union
were achieved 24 weeks postoperatively. The average bone
union time for fracture in the group using distal femur plate
was 16.5 weeks, which was not different from the average
16.5 weeks in the group using strut allografts in Vancouver
type B2.

Regarding postoperative complications, in one case
(2.0%) of Vancouver B2 fracture treated with internal
fixation and a cortical strut allograft, hardware and
cortical strut allografts were removed due to postoper-
ative deep infection and then discharged under resection
arthroplasty. Postoperative dislocation occurred in four
Vancouver B2 fracture cases (8.3%) and was treated by
manual reduction; no fractures or misalignments were
found. Kaplan-Meier survival analysis showed that the
survival rate for union was 95.8% (Figure 3) at the final
follow-up.

Discussion

PFFs are complex fractures that must be treated in the
absence of clear agreement on appropriate fixation
methods due to a lack of consensus and high-level
comparative studies. Vancouver type B fractures are
complex and affect the femur around the stem. The
treatment objective of reconstructing Vancouver type
B2 or B3 fractures is to obtain solid component

stability and satisfactory restoration of the bone stock.
Several studies have suggested that the use of cortical
strut allografts might aid in the treatment of Vancouver
type B fractures.'>'? Cortical strut allografts act as
biological plates that stabilize fractures when used
alone or in combination with other high-fixation de-
vices and provide mechanical stability, enhance frac-
ture healing, and increase bone mass in affected
areas.'* In addition, cortical strut allografts have
elasticity moduli similar to those of the host bone, and
thus, the stress shield of the host bone is less than that
of harder internal fixation methods.'”> Hao-bo et al
reported high clinical success rates and functional
recoveries in five patients with Vancouver type B2 or
B3 fractures treated with revision arthroplasty with
cortical strut allografts.'' Hedad et al also recom-
mended that cortical strut allografts be used routinely
to treat PFFs, based on observations of improved fix-
ation and healing.'> Hao-bo et al reported that the
average time to union at the fracture site was 5.2 +
1.4 months for patients treated with cortical strut al-
lografts after revision arthroplasty.'' In the present
study, the mean time to fracture site union for the
Vancouver classification types was 21.1 weeks (range,
10-36 weeks) for type B1 fractures, 22.1 weeks (range,
17-28 weeks) for type B2 fractures. For type Bl
fractures within CSA group, time to fracture site union
was 16.2 weeks and for B2 fractures within CSA group,
time to fracture site union was 16.5 weeks. The use of
cortical strut allografts resulted in faster union than that
with revision alone.
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Figure 3. Kaplan-Meyer survival curve. The survival rate at the final follow-up was 95.8% when the endpoint was set as the time of

nonunion and removal of cortical strut allografts.

Although there was a bone defect, in the group using the
cortical strut allografts in type B with bone defect, the
fracture site union time was shorter than that in the non-
CSA group.

The cortical strut allograft length has not been previ-
ously reported to affect the time to allograft incorporation.
Gross et al'® used an average cortical bone length of
154 mm in internal fixation patients with fractures around
the stem but did not mention the relationship between
cortical strut length and time to allograft incorporation. In
the present study, we used an average cortical strut allo-
graft length of 167.23 mm (128-209 mm) and found no
correlation between cortical strut allograft length and time
to allograft incorporation.

Cortical strut allografts have been reported to be as-
sociated with infection and increased costs,'” and the
infection rate of hip arthroplasty containing cortical strut
allografts is between 0% and 2%.'® In the present study,
one patient (2.0%) was discharged in the resection ar-
throplasty state after all implants and graft materials were
removed. According to Tomford et al, the infection rate is
associated with the complexity of surgery and not with
cortical strut allograft placement.'® Therefore, thorough

postoperative wound management is mandatory to prevent
the development of deep infections.

If osteoporosis proceeds after cortical strut allograft
placement, the risk of graft-site fracture also increases.
Berry et al reported that the risk of fracture at replacement
sites was highest two-three years after surgery.”’ However,
in the present study, no complications such as bone re-
absorption or fracture occurred in the cortical strut
allografts.

According to Head and Malinin, after 9.5 years of follow-
up, a 97% survival rate was achieved in patients who un-
derwent cortical strut allograft.”' Barden et al reported that
cortical strut allografts had a 100% survival rate after
4.7 years,”*> whereas Emerson et al reported a 93% survival
rate at 8.4 months for cortical strut allografts at eight
months.” In the present study, the survival rate (no infec-
tion, non-incorporation of cortical bone allografts, or bone
removal) at the final follow-up as determined by Kaplan-
Meier estimates was 95.8% for cortical strut allografts.

This study has several limitations. First, the number of
cases reviewed was small. Additionally, the study results
were interpreted by a single observer. In other words, in-
terobserver differences in terms of time to union and degree
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of radiological bone union were not addressed, although it
should be noted that the author was an expert in this field.

Conclusion

Cortical strut allografts used to treat type B PFFs have
shown high bone union and survival rates. In mid-to long-
term follow-up, the cortical strut allograft length did not
affect to incorporation time. The author concluded that
cortical strut allografts are a useful treatment for PFFs
regardless subtype classification of the Vancouver type B.
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