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Abstract

Introduction Periprosthetic fractures are difficult to man-

age. Plating technique has been considered a reliable form

of management of periprosthetic fractures with a well-fixed

stem, but a dependable and stable method of plate fixation

to the bone is lacking. This study reports the clinical results

using a locking attachment plate (LAP) instead of cable

fixation to fix locking plates to a periprosthetic femoral

shaft fracture.

Materials and methods Nineteen patients with peripros-

thetic femoral shaft fractures around well-fixed stemmed

implants were studied between August 2012 and

December 2014. Patients were followed up for at least

1 year postoperatively. Median age was 74 years (range

56–96 years). Fractures were classified according to the

Unified Classification System, Vancouver classification,

and Su classification.

Procedure Open reduction was performed under minimal

incision and the locking plate was fixed to the lateral cortex

of the femoral shaft. The part of the shaft without a stem

was fixed to the plate using 5.0-mm locking screws, and the

part with an underlying stem was fixed using 3.5-mm

locking screws through the LAP instead of cables. Post-

operatively, patients were managed using general princi-

ples for femoral shaft fractures.

Results Average follow-up was 16 months (range

12–36 months). All cases achieved fracture healing with-

out loss of reduction. There were no cases of implant

breakage or stem loosening at final follow-up. The average

number of LAPs per fixation construct was 2.1 (range 1–4),

and the average number of 3.5-mm locking screws through

each LAP was 3.3 (range 2–4). The average value of plate

screw density was 0.55 (range 0.37–0.8), and the average

working length was four holes (range 2–8).

Conclusions Using the LAP to manage periprosthetic

fractures with a well-fixed stem could obviate the need for

cable around the stem area and yield acceptable outcomes.

Keywords Periprosthetic femoral fractures � Well-fixed

stem � Locking attachment plate � Plate screw density

Introduction

A periprosthetic femoral fracture is a challenging surgical

problem. Because of the high morbidity, treatment has chan-

ged from traction and bracing in a cast to ORIF, a revision

arthroplasty procedure, or a combination thereof [1–3]. There

is a general consensus that most fractures associated with a

well-fixed stem can be treated by ORIF alone [2–4].

Treatment of periprosthetic fractures is challenging due to

the combination of fractured bone and prosthesis, with the

possibility of further complications caused by osteoporotic

bone and the cement used for prosthesis fixation [5].

Stable fixation is necessary because these fractures are slow to

heal, and osteopenia is frequently involved [6]. To overcome
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these problems, supplementary methods such as cerclage

wiringor cable fixation around longbones are frequentlyused,

but these lack stable resistance to torsional stress [7]. The

failure rate was reported to be 33.9% for fractures treated by

plate osteosynthesis and 43.9% for fractures treated with

cerclage cables alone [8]. Monocortical locking screws with

combined cable or cerclage wiring have been used success-

fully in several reports [9, 10]. However, in recent studies,

biomechanical stability of thefixation constructwas improved

with the use of bicortical locking screws as compared with

traditional monocortical locking screws and cable techniques

[11]. Recently, the LockingAttachment Plate (LAP�; Depuy-

Synthes, West Chester, PA, USA) was developed for use in

combination with standard locking compression plates

(LCPs), especially for the femoral shaft, as a less invasive

stabilisation system (LISS; Depuy-Synthes, West Chester,

PA, USA) that creates a stable construct with 3.5-mm locking

screw fixation around the stem [12–14] (Figure 1).

The purpose of this study was to report the clinical

results with use of the LAP to stabilise femoral shaft

fractures around well-fixed stems without using a cable.

Materials and methods

A retrospective review of the trauma patient database at

two institutions was conducted to identify cases of

periprosthetic femoral shaft fractures with well-fixed

implants from August 2012 to December 2014. The

inclusion criteria were as follows: (1) displaced fracture in

the femoral shaft with a well-fixed intramedullary stem;

and (2) no evidence of infection at the fracture site. The

exclusion criteria were: (1) follow-up duration of less than

1 year; (2) replacement arthroplasty without an intrame-

dullary stem; (3) treatment with other fixation construct;

and (4) violation of fixation principles. The detailed

information is shown in Table 1.

The stability of the fixation of the stem was assessed on

standard imaging tests preoperatively and was confirmed

intraoperatively [6]. A total of 19 patients (5 males) were

included in the study. The median age was 74 years (range

56–96). Regarding femoral stem types, there were ten cases

of total hip replacement arthroplasty (THRA), six cases of

bipolar hip arthroplasty (BPHA), and three cases of total

knee replacement arthroplasty with femoral stem (TKRA).

The average number of arthroplasty procedures for these

patients was 1.63. The average interval between last

arthroplasty and injury was 7 years and 2 months (range

1 year 4 months–22 years 1 month), and the average

interval between injury and index procedure was 35 days

(range 1–366). Most patients underwent osteosynthesis

procedures in the acute stage, but two patients were

referred to our institution after, respectively, undergoing 2

and 3 plate osteosynthesis procedures augmented with

cable fixation. The interval between the injury and the

index procedure for these two patients was 167 and

Fig. 1 The LAPs are available

with 4 or 8 holes for 3.5-mm

locking screws. LAPs with 4

holes were used in all cases. The

8-hole plate was necessary for

more extensive soft tissue

dissection (a). The plate was

attached to the LCP using a

connecting screw. The 3.5-mm

locking screws on each side of

the plate have avoided the

prosthesis stem (b). The LAP is

fixed to the LCP (c). The 3.5-

mm locking screws passed

through the cortex on an axial

CT scan image (d). LAP locking

attachment plate, LCP locking

compression plate
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366 days, respectively. All injury mechanisms were of the

low-energy type.

The classification of periprosthetic fractures differs

among implant types, but the general rule is to classify

fracture type according to the position of the stem.

Recently, the Unified Classification System (UCS) has

generally been used for periprosthetic fractures [15]. This

classification is based on the location of the fracture, the

fixation of the component, and the adequacy of the bone

stock and strength for supporting the implant. UCS type

B1, C, and D fractures were found in our study. The

Vancouver classification is also frequently used for

periprosthetic hip replacement fractures [16]. Vancouver

type B1 and C fractures were found in our study. Su et al.

divided fractures around a TKRA into three types accord-

ing to the fracture location relative to the proximal border

of the femoral component [17]. Type I and II cases were

the subjects of our study (Table 2).

Surgical procedure

We followed Pike’s management principles and performed

surgery using methods described previously [6, 14]. Pre-

operative planning should include a surgical approach if

the stem is found to be unstable on intraoperative assess-

ment and shows occult infection. In addition to a standard

revision arthroplasty complement, implants and allografts

for unexpected intraoperative findings should be available.

The patient was positioned supine on the operating

table under general or spinal anaesthesia. We used biologic

fixation through bridge plating for periprosthetic femoral

shaft fractures. We performed minimal dissection to obtain

reduction and applied the plate. In simple spiral fractures,

we achieved near anatomical reduction between the two

main fragments with percutaneous cerclage wiring using a

cerclage passer instrument through small lateral incisions

(Fig. 2). In wedge fractures, we applied fixation to the two

main fragments, leaving the wedge fragment untouched.

Anatomical reduction of wedge fragments is not necessary.

Furthermore, their direct reduction would risk damaging

their biology. We preserved the soft tissue attachments to

the wedge fragments; when the fragments are indirectly

well aligned, union is enhanced (Fig. 3). In some cases, a

closed reduction was not possible due to muscle interpo-

sition, hematoma or interposed periosteum. In these cases,

the fracture was located by the image intensifier and a 5-cm

skin incision was made at that point. After sharp dissection

of the fascia, the vastus lateralis and adjacent periosteum

were managed carefully. Fixation according to AO prin-

ciples of relative stability can be essential [18]. The use of

fixed-angle implants, such as a LISS plate, is helpful for

fixation of the fracture. Fixation of femoral shaft fractures

was performed using 5.0-mm locking plates for the stem-

less portion [2, 19]. Fixation in the well-fixed stem portion

was performed using 3.5-mm locking screws through an

LAP or additional 5.0-mm monocortical locking screws.

We attempted to use as few LAPs as possible, only adding

these to the construct if there was suspicion of instability

after locking plate fixation. To obtain fracture healing in

the two cases that were referred to our institution after

multiple failures, all fixation materials except for arthro-

plasty components were removed first, and then fixation

Table 1 Detailed information of the included and the excluded

patients

Institution #1 #2 Total

Total number of periprosthetic fractures 18 15 33

Number of excluded patients

Implants without stem 8 2 10

Other fixation construct 1 0 1

Stemmed implants without follow-up 1 1 2

Violation of fixation principles 0 1 1

Number of included patients 8 11 19

Table 2 Classification of periprosthetic fractures

Classification UCS

classification

Vancouver

classification

Su

classification

Fracture at the level of or just adjacent to the implant (n = 8) IV.3 B1 (n = 7)

V.3 B1 (n = 1)

Type B1 (n = 7) Type I (n = 1)

Fracture distant to the tip of the implant, not affecting implant stability

(n = 12)

IV.3 C (n = 5)

IV.3 D (n = 2)

V.3 C (n = 2)

V.3 D (n = 2)

Type C (n = 9) Type II (n = 2)

Total 19 16 3
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Fig. 2 An 82-year-old female with a UCS type IV.3 D and

Vancouver type C periprosthetic fracture following bipolar hip

arthroplasty and total knee replacement arthroplasty. The fracture

pattern was simple spiral fracture. This is a frequent finding when the

injury mechanism is the low-energy type (a, b). We achieved near-

anatomical reduction between the two main fragments with percuta-

neous cerclage wiring using a cerclage passer instrument through

small 4-cm lateral incisions (c). Internal fixation with MIPO was

obtained using a LISS with precontoured LCP distal femur plate. An

LAP was fixed around the prosthesis stem proximally with three 3.5-

mm locking screws (d–f). X-rays taken 7 months postoperatively.

Fracture site healed with callus bridging. UCS unified classification

system, MIPO minimally invasive plate osteosynthesis, LISS less

invasive stabilisation system, LCP locking compression plate, LAP

locking attachment plate

Fig. 3 A 79-year-old female with a UCS type IV.3 B1 and

Vancouver type B1 periprosthetic fracture following bipolar hip

arthroplasty. She had a large spiral wedge fragment on the medial side

of femoral shaft (a, b). We applied fixation to the two main fragments

using MIPO technique, leaving the wedge fragment untouched. We

preserved the soft tissue attachments to the wedge fragments to

prevent devitalisation. Restoration of alignment, length, and rotation

was achieved indirectly (c, d). The last follow-up radiographs were

taken 13 months postoperatively and show satisfactory indirect

healing involving the wedge fragment (e, f). UCS unified classifica-

tion system, MIPO minimally invasive plate osteosynthesis
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was repeated according to the above methods. Bone auto-

grafting was performed at bony defect site. Bone grafting

was not performed in any of the other cases.

Conventional cable attached to the plate through eyelets

was not applied in this study. Fixation close to the fracture

and at the far ends of the plate should be employed to

maximise the overall strength of the fracture construct [6].

The 3.5-mm locking screws through the LAP were

mounted to the plate, avoiding the prosthetic stem. It was

not possible to insert 3.5-mm locking screws through all

LAP holes because of the anatomic variations of the

femoral shaft, but we attempted to insert as many screws as

possible through the LAPs.

Aftercare

Postoperative care was performed according to the char-

acteristics of the individual patient and the stability of the

construct. Patients were ambulated as soon as possible. In

most cases, toe-touch weight bearing was recommended at

a minimum of 6–12 weeks, at which time activities were

increased. There was discrepancy between the institutions.

Appropriate thrombo-prophylaxis and antibiotic prophy-

laxis were administered. Implants for fracture fixation were

not removed routinely.

Outcome evaluation and fixation construct analysis

The patients were followed up at our outpatient clinic, and

X-rays were obtained monthly until 6 months postopera-

tively. They were again evaluated at 9 and 12 months, and

then annually. Fracture union was determined by the

presence of callus bridging across three or four cortices

and/or disappearance of visible fracture line on both the

anteroposterior and the lateral radiographs. Fracture

reduction was measured by using the anteroposterior and

lateral radiographs. Malalignment was defined as more

than 5� of angulation in both plane. Fracture union,

alignment, prosthesis-related complications, and proce-

dure-related complications were checked at the 1-year

follow-up. We analysed our fixation construct for the

number of LAPs, the number of 3.5-mm locking screws

through an LAP, the number of 3.5-mm locking screws

through LAPs in each case, and the use of additional 5.0-

mm monocortical locking screws. The working length of a

plate (defined as the number of plate holes between the

proximal and distal screw in closest proximity to the

fracture) was measured. We also checked the periprosthetic

fixation length and shaft fixation length including the plate

screw density. We calculated the fixation length as the

number of plate holes from the most proximal fixed hole to

the most distal fixed hole at each segment. We assumed

that one LAP had equal quantities of 4 holes. The plate

screw density was defined as the number of fixed screws

divided by the fixation length.

Results

The average follow-up period for the 19 patients was

16 months (range 12–36). The average number of LAPs

per fixation construct was 2.1 (range 1–4), and the average

number of 3.5-mm locking screws through an LAP was 3.3

(range 2–4). The average number of 3.5-mm locking

screws through LAPs in a case was 6.9 (range 3–12), and

the average additional number of 5.0-mm monocortical

locking screws was 0.9 (range 0–4). The average

periprosthetic fixation length was 14.5 holes (range 9–28)

and the average periprosthetic plate screw density was 0.65

(range 0.41–0.85). The average shaft fixation length was

8.7 holes (range 4–14) and the average shaft plate screw

density was 0.63 (range 0.37–1). The average overall plate

screw density was 0.55 (range 0.37–0.8). The average

working length of a plate was 4 holes (range 2–8).

We obtained fracture healing without loss of reduction

in all cases. There was no evidence of loosening or

breakage of fixation devices at the final follow-up. At the

time of fracture healing, there was no malalignment in the

coronal and sagittal planes. There were no cases of

revision arthroplasty performed for loosening of stemmed

implants during this period. There was one case of an

intertrochanteric fracture at the proximal end of the fix-

ation plate after bony union was achieved. Since union

was already attained, the plate was removed and the

patient was able to walk normally after receiving surgery

for the hip fracture (Fig. 4). No other case required

removal of the osteosynthetic device. Another patient

needed IV antibiotic therapy for surgical site infection.

One patient underwent surgery for infection of bipolar hip

arthroplasty, but there was no evidence of infection at the

fracture site.

Discussion

This study evaluated the management of periprosthetic

femoral shaft fractures around well-fixed stems. We report

the clinical results with use of LAP in combination with

lateral locking plates on femoral cortical bone around well-

fixed stems. Previous studies have evaluated periprosthetic

plate osteosynthesis using the LAP, but reported clinical

results for the femur, tibia, and humerus [13, 14]. Our study

reports consecutive results using LAP for periprosthetic

fractures of the femoral shaft. We obtained fracture union

with our construct fixation in all cases; in contrast, a 33.3%

failure rate was reported in one study [13].
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According to Vancouver classification, fixation failures

are more frequently seen in B1 type fractures where the

proximal and/or distal fixation is more complicated than C

type fractures. We attained fracture healing without fixa-

tion failure in both B1 and C types. However, more than

half of the fractures are of type C. We have limited dis-

tribution of patients to represent each type of fractures from

Vancouver classification.

There was a report of increased risk of death after sur-

gery for periprosthetic fractures; in our study, there were

two deaths [20, 21]. These patients were very old (90- and

96 years old, respectively) and also had cardiovascular and

endocrinologic comorbidities. Bhattacharyya et al. reported

a mortality rate of 11% 1 year after surgery, which is

similar to the results of our study (10%) [21].

In Vancouver type B1 fractures treated with plating

osteosynthesis, cemented stems had worse outcomes than

uncemented stems [20]. We attained bony union in all six

cases in which cemented stems were used. We believe this

shows that stable fixation after sufficient apposition of the

fracture site will lead to bony healing in most cases.

Biomechanical studies on fixation techniques in

periprosthetic femoral shaft fractures around well-fixed

stems have been conducted. The stability of fixation has

been compared for LAP and other methods, such as cer-

clage-LCP construct [5, 12]. The stability of fixation

achieved with the LAP construct is not yet fully appreci-

ated, but it is biomechanically superior to a cerclage-LCP

construct. The LAP construct allows 3.5-mm bicortical

locking screw placement lateral to the prosthesis stem,

Fig. 4 A 64-year-old with a

long-stemmed TKRA femoral

component. Bony union was

achieved after osteosynthesis

with LAP, but the patient

suffered an intertrochanteric

fracture 6 months later (a).
Possible peritrochanteric

fracture at the tip of a long plate

can be avoided by inserting one

screw through the plate to the

head and neck region. The LCP

was removed and fixation of the

hip fracture was performed. The

mechanical axis was in the

normal range, but there was a

limb length discrepancy at the

final follow-up (b). TKRA total

knee replacement arthroplasty,

LAP locking attachment plate,

LCP locking compression plate
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providing more stable anchoring fixation than previous

monocortical fixation or cerclage cable methods [22]. This

is designed to prevent lateral screw pull-out, i.e., to sta-

bilise the prosthesis stem, and thus allow early postopera-

tive mobilisation. However, it was not always possible to

place 3.5-mm locking screws in all 4 lateral arms of the

LAP. In this study, we inserted an average number of 3.2

screws in four outer holes of the LAP. The fixed-angle

trajectory of the locking screw into the locking hole of the

LAP did not always match the diameter of the femoral

shaft. We adjusted the trajectory of the screw by in situ-

bending the arms of the LAP. In this process, we had

trouble disengaging the bending pin or drill sleeve from the

screw hole. The contour of the plate needs to be improved

and an option for insertion of 3.5-mm locking screws at

variable angle should be added.

We also had difficulty confirming whether the screws

were inserted around the stem bicortically or transcortically

on intraoperative fluoroscopy and postoperative plain

radiography; this can be determined by an axial CT view,

but we did not evaluate postoperative CT scans routinely.

We checked a postoperative CT scan when we questioned

whether the screw fixation had sufficient purchase in the

bone (Fig. 1).

The ideal fixation construct can be determined by using

two factors: the plate span width and the plate screw

density. Current recommendations for bridge plating

require a plate span width greater than 2–3, and the plate

screw density should be 0.5 or less [23]. In our study, we

used as long a plate as possible to cover the entire length of

the femoral shaft and overlap the prosthesis. The average

plate screw density was 0.5 in the LAP. We also made the

fixation length around the stem as long as possible. Using a

long fixation improved the lever arm of the screws. This

reduced the pull-out force acting on each screw. By fol-

lowing these principles, our fixation construct resulted in

fracture healing without failure in all cases.

In postoperative care, a rapid loss of muscle mass and

power takes place in the older patients if not adequately

mobilized. We allowed patients to ambulate as soon as

possible with partial weight bearing including toe-touch

weight bearing using a walker and crutches for a minimum

of 6–12 weeks. However, older patients cannot perform

partial weight bearing because of lack of power in the arms

and also lack of coordination capacity. Several studies

demonstrated that patient exceeded the prescribed amount

of partial weight bearing [24, 25]. We presume that

stable fixation with this construct will lead to work towards

weight bearing faster than in our series.

Complications encountered in our study included one

case of late infection after osteosynthesis around a bipolar

hip arthroplasty implant and one case of superficial surgical

site infection at the fracture site. This indicates that the

outcome of treatment of the periprosthetic fracture was also

related to the condition of the arthroplasty implantation [8].

A consensus system for assessing operative results after

femoral shaft fractures is not available at present, and

studies involving functional evaluation after periprosthetic

fracture may cause further confusion because the status of

existing arthroplasty implants must also be considered.

Conclusion

Use of the LAP in conjunction with LCP around the

underlying stem is a useful method of achieving healing of

periprosthetic femoral shaft fractures around well-fixed

stemmed implants.
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