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Fracture pattern and risk factors for reoperation after 
treatment of 156 periprosthetic fractures around an 
anatomic cemented hip stem
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Background and purpose — The Lubinus SP2 stem 
has been associated with a very low risk of periprosthetic 
femoral fractures (PPFFs). We aimed, primarily, to study the 
radiographic morphology of PPFFs close to a Lubinus SP2 
stem. Secondarily, we analyzed whether higher reoperation 
rate was correlated to the revision method chosen or to the 
characteristics of the fracture and of the bone.

Patients and methods — The study included 156 femo-
ral fractures close to a Lubinus cemented stem. These frac-
tures were treated in 40 hospitals in Sweden between 2006 and 
2011 and were followed up until 2019. Data from the Swedish 
Arthroplasty Register was used. Medical records and radio-
graphs were studied. The fractures were classified accord-
ing to the Vancouver classification. The fracture location and 
anatomy were delineated. We also measured the remaining 
attachment index (RAI) and the canal thickness ratio.

Results — Vancouver type C (n = 101) and spiral frac-
tures (n = 67, 41 in Vancouver C and 26 in Vancouver B) 
were the most common fracture types. 4 fractures were avul-
sion of the greater trochanter. The remaining 51 fractures 
occurred around the stem (B1: 25, B2: 16, and B3: 10). B 
fractures were more commonly reoperated on (18 of 51, 
35%) than type C fractures (11 of 101, 11%, P = 0.001). In 
most femurs with type B3 fracture, the fracture line covered 
an area only around the stem, but in all B1 and in 11 of 16 
B2 fractures, it was extended even distal to the stem. ORIF 
instead of stem revision in B2 fractures, use of short stems 
or plates, and inadequate reduction of the fractures were risk 
factors for subsequent reoperations.

Conclusion — The higher reoperation rate in type B 
fractures, compared with fractures distal to the stem, could 
be caused by their higher degree of complexity and reduced 
capacity for healing in the region around the stem. 

Periprosthetic femoral fracture (PPFF) has the highest mor-
tality rate and is among the 4 most common complications 
after total hip replacement (THR) surgery in Sweden [1]. The 
incidence of this complication is increasing and the number 
of periprosthetic fractures is expected to rise over the coming 
decades [2,3]. Therefore, much research on risk factors has 
been performed to facilitate prevention of this complication. 
Uncemented fixation of the femoral stem is one of the most 
commonly reported risk factors [2,4], and several studies 
around the world have suggested cemented fixation for spe-
cific patient categories [5]. Cemented stems have predomi-
nated in primary THRs in Sweden. The most commonly used 
design is the anatomical Lubinus SP2 (Waldermar LINK 
GmbH & Co. KG, Germany) [6]. This femoral component is 
reported to have the lowest risk of postoperative PPFFs, even 
in comparison with other cemented designs [2,7]. In compari-
son with a considerably large number of publications regard-
ing the fracture pattern of cemented stems with force-closed 
design [8-10], little is known about fractures around anatomi-
cal cemented stems. We aimed primarily, to study the radio-
logical morphology of PPFFs close to a Lubinus SP2 stem. 
Secondarily, we analyzed whether higher reoperation rate was 
correlated to the surgical method chosen or to the characteris-
tics of the fracture and of the bone. 

Patients and methods
Data collection and exclusion criteria
We investigated Lubinus SP2 stems reoperated on in Sweden 
between 2006 and 2011 due to PPFF. This period was chosen 
because of availability of digital radiographs. To collect all 
PPFFs, matching was done between 2 national registers, the 
former Swedish Hip Arthroplasty Register (SHAR, since 2021 
the Swedish Arthroplasty Register, SAR) and the National 
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Patient Register (NPR). Reporting to the NPR has been oblig-
atory since 2001 for both private and public healthcare provid-
ers. This register started in 1964 and holds information on all 
inpatient care since 1987 and all outpatient care since 2001. 
The registration of PPFF in the NPR is expected to approach 
100%. The matching of data between the SHAR and the NPR 
is discussed in detail in a previous publication [3]. In this pre-
viously published study we reported 351 PPFFs close to a 
primary Lubinus SP2 femoral stem occurring between 2001 
and 2011. Excluded were intraoperative fractures, patho-
logical and iatrogenic fractures, and cases with active deep 
infection. From these 351 fractures, 234 had occurred during 
2006–2011.

All medical records were collected and scrutinized to enable 
exclusion of incorrect recordings and duplicates. The SHAR 
started to register primary hip replacements prospectively in 
1992 and therefore only Lubinus stems inserted after 1991 
were included. To minimize factors that could predispose to 
PPFF or influence the type of fracture, 8 cases were excluded 

Figure 1. Exclusion criteria and the number of cases analyzed in this 
study. Abbreviations: PPFF = periprosthetic femoral fracture, OA = 
osteoarthritis, THR = total hip replacement.

Periprosthetic femoral fractures
close to a Lubinus SP II prosthesis

surgically treated 2006–2011
n = 234 

Excluded based on register data and medical records (n = 68)
– interprosthetic fractures, 60
– primary diagnosis sequel after childhood hip disease, 3
– primary diagnosis posttraumatic OA, 1
– primary diagnosis secondary OA, 1
– primary diagnosis chronic osteomyelitis, 1
– primary diagnosis malignancy, 1
– primary diagnosis unknown diagnosis, 1

Excluded after review of the radiographs (n = 10):
– no radiographs available, 1
– primary femoral stems falsely registered as Lubinus SP II, 2
– PPFF with fracture of the femoral stem, 2
– femoral fracture during the primary THR, 1
– twice operated with plate fixation due to distal and diaphyseal 
   femoral fracture, before the primary THR, 1
– long primary stem reaching the intercondylar region, 1

PPFFs analyzed
n = 156

Figure 2. Preoperative radiographs showing fracture patterns and fracture types 
according to the Vancouver classification: (a) oblique Vancouver A, (b) spiral 
Vancouver B1, (c) B1 with intermediate fragment, (d) oblique Vancouver B2 
with osteolysis, (e) comminuted Vancouver B3 with osteolysis, (f) transverse 
Vancouver C. Diaphyseal fractures had the center of the fracture line between 
the lesser trochanter proximally, and the proximal line of a square formed from 
the femoral condyle, distally (g).

due to specific diagnosis at the time of primary THR 
(Figure 1). 60 PPFFs were excluded due to the presence 
of a total knee replacement (TKR). This is a risk factor 
both for a PPFF close to a hip prosthesis [11], and for 
higher reoperation rates after the treatment of PPFFs 
[12]. Information on the presence of an ipsilateral TKR 
was derived from both medical records and data link-
age between the former SHAR and the former Swed-
ish Knee Arthroplasty Register (SKAR) [12]. These 
2 registers are now included in SAR. The exclusions 
above resulted in 166 cases from a total of 41 hospi-
tals. Pre- and postoperative radiographs were acquired 
from 40 radiological departments (165 cases), while 1 
department did not reply (1 case). 9 cases were further 
excluded after reviewing radiographs of the 165 PPFFs 
for various reasons accounted for in Figure 1. Thus, 
156 femoral fractures close to a primary Lubinus SP2 
stem were analyzed. All fractures were followed up 
until 2019, death, or further reoperation. Reoperation 
was defined as any type of operation in the femur fol-
lowing the PPFF, irrespective of whether the prosthesis 
or parts of it remained untouched or not.

Variables
Fractures were divided into proximal, diaphyseal, 
and distal, depending on the anatomical position of 
the center of the fracture line (Figure 2). The fracture 
pattern was noted (transverse, oblique, spiral, commi-
nuted, and presence of an intermediate fragment) and 
all fractures were classified according to the Vancou-
ver classification and the United Classification System 
(UCS) [13,14]. The Vancouver classification was 
assessed independently by 3 authors (AS, GC, JK) and 
consensus was obtained. In 5 cases, where the classi-
fication was uncertain, review of the medical records 
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was done. Vancouver type C fractures were defined as frac-
tures distal to the tip of the stem, irrespective of how close the 
proximal end of the fracture line was in relation to the tip of 
the stem or the cement mantle.

Furthermore, the following variables were studied: (i) the 
interspace (distance) between the tip of the stem and the proxi-
mal end of the fracture in Vancouver type C fractures; (ii) the 
canal thickness ratio (CTR, Figure 3) [9], and (iii) the remain-
ing attachment index (RAI, Figure 4) [15]. The CTR, defined 
as the ratio of the total width of both cortices to the whole 
diameter of the femur (in AP projection), was measured at a 
distance of 1 femoral width distal to the tip of the stem. Thus, 
femurs with thicker cortices have a higher CTR than those 
with thinner cortices. The ratio between the length of the prox-
imal femoral fragment that surrounds the femoral stem and 
the total stem length has been previously described as remain-
ing attachment index (RAI) or as “index de fixation restante 
(IFR)” [16]. A higher RAI indicates a shorter area of the stem 
surrounded by the fracture line. The RAI was calculated only 
in type B fractures, while the CTR was calculated in all frac-
tures where radiographs including the tip of the stem were 
available. Calibration of the radiographs was not possible in 
all cases, because of absence of calibration sphere in cases 
with type C fractures and in several B fractures with pelvis 
projections. Therefore, the femoral width at the tip of the stem 
was used as the unit for measuring the distance between the 
tip of the stem and the fracture. All measurements were per-
formed on DICOM files.

Demographic information regarding age, sex, date of pri-
mary THR and PPFF, diagnosis at primary THR, and date of 
death were derived from the SAR. Details regarding the surgi-
cal treatment were extracted from both the medical records 
and the postoperative radiographs. Information on the type of 
the primary and revision stems was registered in the SAR and 
controlled during the review of the radiographs.

Statistics
Statistical analysis was conducted using SPSS version 25 
(IBM Corp, Armonk, NY, USA). Comparisons between 
median values were done with the Mann–Whitney test. 
Fisher’s exact test was performed to compare categorical 
variables. To investigate the correlation between 2 variables, 
Spearman’s correlation coefficient was used. P values were 
2-sided with a significance level < 0.05, and 95% confidence 
intervals (CI) were calculated. The risk of further reoperation 
after surgical treatment of either type B or type C fracture 
was studied in a Cox regression model adjusted for age and 
sex. Our study followed the STROBE (Strengthening the 
Reporting of Observational Studies in Epidemiology) check-
list. 

Ethics, funding, and disclosures
The study was approved by the Central Ethical Review Board 
in Gothenburg (entry number: 198-12, date: 2012-04-05). 
The study was partially supported financially by the Felix 
Neubergh’s Foundation. The authors declare no conflict of 
interest. Completed disclosure forms for this article follow-
ing the ICMJE template are available on the article page, doi: 
10.2340/17453674.2023.18263

Results

156 fractures in 154 patients were analyzed. 2 patients were 
operated on bilaterally for fractures that occurred on different 
occasions. Demographic characteristics and Vancouver clas-
sification of all PPFFs are given in Table 1. Approximately 2/3 
of all fractures occurred distal to the tip of the stem, and 29 
fractures (19%) were reoperated on at least once. At the end of 
2019, 109 of 156 patients (70%) had died.

Fracture pattern and fracture localization
The most common fracture pattern in both type B and type 
C fractures was spiral (26 of 51 and 41 of 101, respectively). 
The length of the fracture line in 1 B3 fracture could not be 
fully recorded on plain radiographs but was documented in the 
medical record. Spiral fractures were commonly seen around 
the tip of the stem (Table 2), whereas comminuted fractures 
were most common in distal type C fractures (> 2 femoral 
widths distal to the stem tip). Most B fractures (39 of 51) con-
tinued distal to the tip of the stem (Table 2), including all B1 
and 11 B2 fractures. 7 of 10 B3 fractures were located only 

Figure 3. The canal thickness ratio 
(CTR) was measured one femoral 
width (x) distal to the tip of the 
stem. CTR is the ratio of the total 
cortical width (A+B) to the whole 
diameter of the femur (d), CTR = 
(A+B)/d.

Figure 4. The remaining attach-
ment index (RAI) is the ratio of 
the proximal femoral fragment 
that surrounds the femoral stem 
(A) to the total stem length (B), 
RAI = A/B.
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around the stem. No correlation was found between the frac-
ture pattern and the reoperation rate.

Canal thickness ratio (CTR)
The CTR could be measured in 50 type B and 96 type C frac-
tures. In 1 B1 and 5 C fractures, the CTR could not be com-
puted due to inadequate radiographs. There was no significant 
difference in the CTR between Vancouver B and Vancouver C 
fractures (mean difference –0.01, CI –0.04 to 0.03, P = 0.7). 
A lower CTR was noted with increasing age (Pearson correla-
tion –0.19, CI –0.34 to –0.03, P = 0.02). Women had a statisti-
cally significant lower CTR (median 0.40, interquartile range 
[IQR] 0.17) in comparison with men (median 0.47, IQR 0.16, 
P = 0.002). In type B fractures, a lower CTR was correlated 
with a lower reoperation rate (Table 3, Spearman’s correlation 
coefficient 0.29, CI 0.005 to 0.53, P = 0.04). No correlation 
was noted between CTR and reoperation rate in Vancouver C 
fractures (Spearman’s correlation coefficient –0.08, CI –0.28 
to 0.13, P = 0.5). 

Remaining attachment index (RAI)
RAI was registered both as a continuous and as a dichoto-
mized (≤ 2/3 or > 2/3) variable. It could be computed in 49 of 
51 Vancouver B fractures. In 1 B1 and 1 B3 fracture, it could 
not be calculated due to difficulty in identifying the proximal 
end of the fracture line. In the B1 fracture, the fracture line 
was described as reaching the lesser trochanter proximally 
and therefore this fracture was included as RAI ≤ 2/3. In 2 
B fractures, the fracture line engaged only the intertrochan-
teric region, while in the other 49 it stayed distal to the lesser 
trochanter. 

No correlation between the RAI and the reoperation rate 
was noted, either when only B fractures with plate fixation 

were analyzed, or when all B fractures irrespective of treat-
ment method were studied. Within the subgroup of B1 frac-
tures treated only with plate fixation (22 cases), those with 
RAI > 2/3 had a numerically higher reoperation rate (5 of 13 
cases) than those with RAI ≤ 2/3 (2 of 9), but this difference 
did not reach statistical significance (Fisher’s exact test, OR 
0.46, CI 0.07 to 3.14, P = 0.6). This finding was not altered 
when 6 cases of B2 fractures treated only with plate fixation 
were added into the analysis. 1 B1 fracture treated only with 
cerclage was excluded from this analysis. 

Interspace between tip of stem and most proximal 
part of the fracture line in Type C fractures
The interspace (distance) between the tip of the stem and the 
most proximal part of the fracture was registered both as a 
continuous (95 cases) and as a dichotomized (all 101 cases, < 
2 or ≥ 2 femoral widths) variable. It was not possible to mea-
sure the interspace in 6 cases (≥ 2 femoral widths), because 
the fractures were in the distal segment and the tip of the stem 
was not visible on the radiographs that reproduced the fracture 
region. Most of the 101 type C fractures were situated in the 
diaphyseal area (n = 66) and the majority had their proximal 
fracture end more than 2 femoral diameters from the tip of the 
stem (Table 2). 2 fractures were treated with stem revision. 

Table 1. Demographic characteristics and type of surgical treatment 
of all 156 periprosthetic fractures analyzed in this study 

Female sex, n (%)	 112 (72)
Left side, n (%)	   72 (46)
Mean age, years (SD) 	
 At primary THR 	   72 (10.2)
 At PPFF	   79 (10.3)
 At death	   86 (8.3)
Diagnosis at primary THR, n (%)	
 Primary osteoarthritis	   99 (63)
 Hip fracture	   39 (25)
 Femoral head necrosis	     9 (5.8)
 Inflammatory arthritis	     9 (5.8)
Vancouver classification of fractures: 
cases treated with ORIF only  / all cases	
 Vancouver A a 	     3 / 4
 Vancouver B1	   23 / 25
 Vancouver B2	     6 / 16
 Vancouver B3	     0 / 10
 Vancouver C	   99 / 101

a All type A fractures were avulsion of the greater trochanter.

Table 2. Fracture pattern and location in relation to the femoral stem 
in type B and type C fractures a 

 		  Obli-	 Trans-	 Com-	 Intermediary
Factor	 Spiral	 que	 verse	 minute	 fragment	 Total

Vancouver B						    
 Fracture line ends in relation to the stem tip  
     proximal to it	 4	 3	 3	 1	 0	 11
     distal to it	 22	 2	 3	 9	 3	 39
Vancouver C
 Interspace measured in femoral widths b
     < 2 	 22	 1	 3	 5	 1	 32
     ≥ 2	 19	 5	 4	 38	 3	 69

a The fracture line in 1 B3 fracture could not be fully recorded on plain 
radiographs. Therefore, 50 B fractures are reported in this table.

b Distance between the stem tip and the proximal end of the fracture.

Table 3. Canal thickness ratio (CTR) in femurs with Vancouver B and 
C fractures a 

Factor	 n	 Median CTR (IQR)	 P value

Vancouver B				  
 Reoperated	 18	 0.47 (0.13)	 0.04 Not reoperated	 32	 0.35 (0.21)	
Vancouver C				  
 Reoperated	 10	 0.37 (0.30)	 0.5 Not reoperated	 86	 0.40 (0.14)	

a CTR could not be computed in 1 B1 and 5 C fractures due to inad-
equate radiographs.
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Both had an interspace smaller than 1 femoral diameter, and 
none of them underwent reoperation. For the other 99 fractures 
treated with ORIF, no statistical difference in the reoperation 
rate was noticed when comparing PPFFs with interspace < 2 
femoral widths (4 reoperations of 30 cases) with those with 
interspace ≥ 2 femoral widths (7 of 69, Fisher’s exact test, OR 
0.7, CI 0.2 to 2.7, P = 0.7). No correlation was noted between 
interspace value and CTR as continuous variables (Spear-
man’s correlation coefficient –0.08, CI -0.29 to 0.13, P = 0.4). 
Distribution of the fracture pattern in relation to the interspace 
between the stem and the fracture is illustrated in Figure 5. 

Reoperations after surgical treatment of PPFFs
The median follow-up time between PPFF and reoperation, 
or death, or the end of 2019 was 3.7 years (range 11 days to 
12.3 years). None of the 4 Vancouver type A fractures was 
reoperated on, while 18 type B fractures underwent at least 
1 reoperation (35%) until 2019. This was statistically higher 
than the reoperation rate in type C fractures (11 cases, 11%, 

OR 0.2, CI 0.1 to 0.5, P < 0.001). In the regression model, 
adjusted for sex and age at the time of PPFF, patients with 
a type B fracture had a 3.1 times (CI 1.3 to 7) higher risk of 
reoperation compared with those who sustained a Vancouver 
C fracture (Table 4). As at the end of 2019, 33 patients with a 
type B fracture (67%) and 73 patients with a type C fracture 
(72%) had died (P = 0.4).

Each reoperation was studied in detail according to Tables 
5 and 6 (see Appendix). In 10 type B fractures subsequently 
reoperated on, ORIF rather than stem revision had been 
chosen to treat fractures close to a loose stem, the plate or 
revision stem used was relatively short, or the fracture reduc-
tion or fixation was poor. 2 patients were reoperated on due to 
deep infection (11%). 

In type C fractures that underwent reoperation, poor reduc-
tion of the PPFF was noted in 3 cases, and in 2 cases too long 
a screw was reported to cause pain. Other reasons were short 
plates, an intramedullary nail protruding into the knee joint, 
and short interspace between the intramedullary nail and the 
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Figure 5. Vancouver type C fractures. 
Distribution of the fracture pattern in rela-
tion to the interspace between the tip of 
the stem and the most proximal end of 
the fracture. Figure 6. Cases with complication after treatment for PPFF. a–b. Vancouver type B2 with oste-

olysis treated with fixation using a conventional plate. The stem was revised 9 months later due 
to loosening. c–d. Vancouver type C treated with an intramedullary nail. The distal part of the nail 
protruded into the knee joint, and the patient was reoperated on 5 months later when the nail was 
changed to a shorter one.

  a   b   c   d

Table 4. Risk factors, adjusted hazard ratios (HR), 
and 95% confidence intervals (CI) for reoperation 
after surgical treatment of Vancouver type B and 
C fractures 

Risk factors	 HR (CI)	 P value

Vancouver type			 
 C (reference)	 1	
 B	 3.1   (1.3–7)	 0.008
Sex			 
 Women (reference)	 1	
 Men	 1.5   (0.7–3.4)	 0.3
Age at PPFF per year	 0.99 (0.96–1.03)	 0.8

Table 7. Reoperations in relation to Vancouver 
category and method of surgical treatment

 Treatment	 All cases	 Reoperated

Vancouver B1
 ORIF	 23	 7
 stem revision	 2	 1
Vancouver B2/B3
 ORIF 	 6	 3
 stem revision	 20	 7
Vancouver C
 ORIF 	 99	 11
 stem revision	 2	 0
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tip of the stem. 2 patients were reoperated on due to deep 
infection (18%). Examples of 2 fractures that went through a 
reoperation are illustrated in Figure 6. The number of reopera-
tions in relation to Vancouver category and method of surgical 
treatment are presented in Table 7.

Discussion

We aimed primarily to study the radiological morphology of 
PPFFs close to a Lubinus SP2 stem. Secondarily, we analyzed 
whether higher reoperation rate was correlated to the surgical 
method chosen or to the characteristics of the fracture and of 
the bone. To our knowledge, no other study has previously 
described the fracture pattern around the Lubinus SP2 femoral 
stem. We showed that the Vancouver type C fracture was the 
most common fracture type and the spiral fracture pattern was 
the most common pattern in fractures both around (Vancouver 
B) and distal to (Vancouver C) the cemented stem. The CTR 
was related to age and sex, while the RAI showed no correla-
tion to the variables investigated in this study. The distance 
between the tip of the stem and the most proximal part of a 
type C fracture seemed not to be a predictor for higher reop-
eration rates. Vancouver type B fractures had a 3 times higher 
risk for reoperation than type C fractures.

The spiral fracture pattern has been reported as the most 
common pattern in cemented stems with force-closed design, 
both in the laboratory [8,17], and in clinical studies [18,19]. 
The Lubinus SP2 stem is an anatomical stem and belongs to 
the category of shape-closed design or composite beam. The 
higher share of Vancouver type C fractures (65%) can prob-
ably be explained by 3 factors: (a) the higher completeness of 
registered type C fractures as a result of matched data between 
2 national registries [3], (b) the higher share of these fractures 
in Lubinus stems [7,20], and (c) fractures distal to the tip of the 
stem but close to it were defined as type C and not as type B. 
This definition was chosen in order to have a distinct criterion 
that would be easy to follow and would result in higher inter- 
and intra-observer agreement. Maybe the most characteristic 
feature in B fractures, in our material, was that the fracture 
line was mainly located distal to the lesser trochanter with 
only 2 exceptions. 

CTR was measured 1 femoral width distal to the femoral 
stem in our study. This is the region for load transmission 
between the implant bone composite and the native bone. The 
interest of this study was focused on the bone-stock quality at 
the time of the PPFF and not at the time of the primary THR. A 
low CTR indicates a femur with thin cortex and is associated 
with osteoporosis and with a higher incidence of peripros-
thetic fractures [21,22], which was supported by our study in 
women with a high expected incidence of osteoporotic bone. 
The CTR was not different between type C and type B frac-
tures around the Lubinus stem. This was in contrast to a study 
of PPFFs close to Exeter stems (force-closed design), where 

the CTR was significantly lower in Vancouver type C frac-
tures compared with B fractures [19]. Our hypothesis that a 
lower CTR would be associated with a higher reoperation rate 
was not confirmed in the treatment of type B fractures. On the 
contrary, patients with a lower CTR had a lower reoperation 
rate compared with those with a higher CTR. In a recent study, 
increasing cortical thickness was related to a higher risk of 
Vancouver type B fractures [23].

In some cases with type B fractures, it is difficult to decide 
whether ORIF or stem revision is the optimal treatment. 2 previ-
ous studies reported better results with plate fixation of B1 frac-
tures around uncemented stems when the remaining attachment 
index (RAI) was higher than 2/3, compared with cases with RAI 
≤ 2/3 [15,16]. This finding was not confirmed in our material, 
perhaps because we studied only one specific cemented stem 
belonging to the shape-closed design. Our findings may not be 
of relevance when other types of cemented stems are used and 
especially not when force-closed stems are used.

Several studies found no association between the classifica-
tion of the fracture and the outcome of the surgical treatment [24-
26]. Our fracture cohort was more homogeneous as all patients 
had the same type of primary stem. A higher reoperation rate 
after treatment of type B fractures in comparison with type C 
fractures was noted. This is probably secondary to the fact that 
the treatment of a fracture around an anatomical cemented stem 
is more complex than that of a fracture distal to it. Finally, most 
of the PPFF that underwent reoperation had previously been 
operated on with a shorter plate or stem, with ORIF instead of 
prosthetic revision, or with poor reduction of the fracture (see 
Tables 4 and 5). On the other hand, we cannot with certainty 
claim that these conditions are risk factors as we did not analyze 
in depth the cases that did not undergo reoperation.

Limitations
We did not have the possibility to calibrate the radiographs 
and therefore no absolute distances were reported. How-
ever, the use of “1 femoral width” as a measurement unit 
and the analysis only of ratio decreased the risk of bias. An 
interobserver evaluation of the fracture classification was 
not performed. This has been done previously involving 3 
orthopedic surgeons, 2 of whom classified the fractures in 
this study [3].

Conclusion
Vancouver type C and spiral fractures were the most common 
fractures around a primary Lubinus SP2 cemented femoral 
stem. The 3 times higher reoperation rate in type B fractures, 
compared with type C, could be caused by their higher degree 
of complexity causing more technical errors and also their 
reduced capacity for healing. Two-thirds (19 out of 29) of all 
reoperations after surgical treatment of PPFF were related to 
technical errors and might have been avoided if the general 
principles of fracture fixation and periprosthetic fracture treat-
ment had been followed.
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Table 5. Parameters of all Vancouver type B fractures that underwent at least 1 reoperation 

A 	 B	 C	 D	 E	 F	 G	 H	 I	 J	 K	 L	 M	 N	 O

B1	 CP	 M	 L	 OA	 63	 66	 S	 ≥ 2/3	 0.52	 9		  FF	 Bone grafting, plate change	 Poor fixation
B1	 2 CPs	 M	 L	 HF	 61	 61	 S	 ≥ 2/3	 0.50	 86		  L	 Revision	 None
B1	 LP	 M	 R	 OA	 81	 86	 C	 < 2/3	 0.52	 0.5	 30	 FF	 Stem revision, strut, 	 Short plate
													             change to longer plate
B1	 LP	 F	 R	 OA	 74	 84	 S	 ≥ 2/3	 0.47	 24	 69	 NU	 Change to another LP	 Poor reduction
B1	 LP	 F	 L	 OA	 78	 78	 C	 ≥ 2/3	 0.31	 27		  NU	 Bone grafting, 	 Poor reduction and fixation
													             change to another LP 
B1	 LP	 F	 L	 HF	 79	 80	 T	 < 2/3	 0.43	 3	 101	 FF	 Change to another LP	 None
B1	 LP	 F	 R	 OA	 78	 79	 S	 ≥ 2/3	 0.44	 5		  NU	 Bone grafting	 Wrong surgical technique
B1	 Rev	 M	 L	 OA	 64	 69	 T	 ≥ 2/3	 0.58	 2	 142	 L	 Bone grafting, 2 plates	 Short stem
B2	 CP	 M	 L	 OA	 72	 79	 S	 ≥ 2/3	 0.42	 9	 26	 L	 Revision	 Suboptimal method 
B2	 CP	 F	 L	 OA	 54	 68	 T	 ≥ 2/3	 0.42	 21		  L	 Revision	 Suboptimal method
B2	 CP	 M	 R	 IA	 51	 59	 S	 < 2/3	 0.58	 16		  L	 Revision, plate removal	 Suboptimal method
B2	 Rev	 M	 R	 OA	 65	 80	 C	 < 2/3	 0.47	 10	 119	 L	 Revision	 Short stem
B2	 Rev	 M	 R	 OA	 77	 82	 C	 < 2/3	 0.30	 3	 103	 L	 Revision	 None
B2	 Rev	 M	 L	 OA	 62	 74	 S	 ≥ 2/3	 0.48	 16		  L	 Revision	 Short stem
B2	 MP	 F	 R	 OA	 75	 89	 C	 < 2/3	 0.25	 13	 33	 Fr	 Plate	 None
B2	 MP	 M	 L	 HF	 64	 64	 C	 -	 0.61	 0.4	 2	 Inf	 DAIR	 None
B3	 MP	 M	 R	 OA	 50	 60	 U	 -	 0.53	 119		  Inf	 Resection arthroplasty, 	 None
													             new stem after 2 days
B3	 LL	 M	 L	 HF	 56	 58	 S	 < 2/3	 0.29	 29		  L	 Revision	 Temporary treatment

A. Vancouver type
B.  Surgery at PPFF 
    CP = conventional plate
    LL = long Lubinus
    LP = locking plate
    MP = revision with MP Reconstruction System (Waldemar Link, Hamburg, Germany)
    Rev =  revision with Revitan (Biomet Orthopedics, Warsaw, IN, USA)
C. Sex: M = male, F = female.
D. Side: L = left, R = right
E. Diagnosis at primary total hip replacement
    HF = hip fracture
    IA = inflammatory arthritis
    OA = osteoarthritis
F. Age at primary total hip replacement
G. Age at periprosthetic femoral fracture	
H. Fracture pattern
    C = comminute
    S = spiral
    T = transverse
    U = unspecific (fissure)
I. RAI (remaining attachment index)
J. CTR (canal thickness ratio)
K. Months to reoperation
L. Months to death
M. Reason for reoperation
    FF = fixation failure
    Fr = fracture
    Inf = infection
    L = loosening
    NU = nonunion
N. Surgery at reoperation
    DAIR = debridement and implant retention
    LP = locking plate
O. Authors’ comments on treatment	

Appendix
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Table 6. Parameters of all Vancouver type C fractures that underwent at least one reoperation

A	 B	 C	 D	 E	 F	 G	 H	 I	 J	 K	 L	 M	 N	 O

EXF C a	 F	 R	 OA	 64	 66	 Distal	 0.56	 8.2	 7	 20	 Malunion	 Distal femur osteotomy, LP	 Poor reduction
IMN C a	 F	 R	 IA	 59	 65	 Distal	 0.29	 7.0	 5		  Ext. defect	 Change to shorter IMN	 IMN in the knee joint
IMN T	 F	 R	 IA	 72	 74	 DP	 0.60	 2.7	 3	 121	 FF	 Change to LP	 Implants kissing point
CP IF	 F	 R	 HF	 84	 89	 DP	 0.37	 3.7	 5	 120	 FF	 Change of LP, BG	 Poor reduction
CP S	 F	 R	 OA	 79	 89	 DP	 0.42	 1.5	 11	 13	 FF	 Change to 2 CPs	 Poor reduction
LP S	 F	 L	 OA	 72	 78	 DP	 0.37	 2.2	 30		  Pain	 Screw extraction	 Long screw
LP S	 F	 R	 FHN	 82	 95	 DP	 0.26	 1.2	 0.7	 43	 FF, refracture	 Change of LP	 Short plate
LP S	 F	 L	 HF	 76	 76	 DP	 0.23	 2.2	 12	 75	 Nonunion	 Change of LP, BG	 None
LP S	 M	 R	 HF	 81	 87	 DP	 0.55	 1.8	 12	 48	 Pain	 Screw extraction	 Long screw
LP C a	 F	 R	 OA	 62	 64	 DP	 –	 0.41	 0.7		  Inf	 Debridement	 None
LP C	 F	 R	 HF	 53	 57	 Distal	 0.25	 4.6	 36	 40	 Inf, dislocation	 Debridement	 None

A.  Surgery at PPFF 
    CP = conventional plate
    EXF = ex-fix and screw fixation
    IMN = intramedullary nail
    LP = locking plate
B. Fracture pattern
    C = comminute
    a Open fractures.
    IF = intermediary fragment
    S = spiral
    T = transverse
C. Sex: M = male, F = female.
D. Side: L = left, R = right
E. Diagnosis at primary total hip replacement
    FHN = femoral head necrosis
    HF = hip fracture
    IA = inflammatory arthritis
    OA = osteoarthritis	    
F. Age at primary total hip replacement
G. Age at periprosthetic femoral fracture	
H. Segment
    DP = diaphysis
I. CTR (canal thickness ratio)
J. Distance between the stem tip and the proximal end of the fracture in femoral widths
K. Months to reoperation
L. Months to death
M. Reason for reoperation
    FF = fixation failure
    Inf = infection
    L = loosening
N. Surgery at reoperation
    BG = bone grafting
    CP = conventional plate
    IMN = intramedullary nail
    LP = locking plate
O. Authors’ comments on treatment


