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Abstract
Background: The incidence of fractures around the femoral prosthesis among patients undergoing hip
arthroplasty is increasing and has become the third leading cause of hip revision. While numerous
methods for the surgical treatment of periprosthetic femoral fractures (PFFs) have been proposed, only
few reports have examined the long-term e�cacy of surgical treatment. This study aims to examine the
mid-and long-term e�cacy of surgical treatment among patients with Vancouver B2 and B3 PFFs.

Methods: This retrospective study evaluated the surgical outcomes of patients with Vancouver B2 and B3
PFFs between 2007 and 2011. The minimum follow-up time was eight years. Fracture healing, prosthesis
stability, complications, patient quality of life SF-36 score, and survival rate were evaluated during the
follow-up assessments.

Results: A total of 83 patients were included and had an average follow-up period of 120.3 months.
Among these patients, 69 were classi�ed as Vancouver B2 and were treated with a distal �xation stem,
whereas 14 cases were classi�ed as Vancouver B3 and were treated with modular femoral prosthesis by
using a proximal femoral allograft technique. A total of 15 patients underwent secondary revision surgery,
and prosthesis dislocation was identi�ed as the main cause of secondary revision. 80 (96.4%) cases of
fractures were clinically healed. The mortality rate in the �rst year after surgery was 8.4% (7/83). The
overall 5-year Kaplan–Meier survival rate for these patients was 75.9%. Meanwhile, the 5-year Kaplan–
Meier survival rate for the implants was 86.9%. The �nal follow-up SF-36 score of the patients was 48.3 ±
9.8.

Conclusions: Patients with Vancouver B2 and B3 PFFs show high mortality in the �rst year after their
surgery, and the Kaplan–Meier analysis results showed that such mortality tends to plateau after 5 years.
Prosthesis dislocation was identi�ed as the primary cause of secondary revision.

Background
After aseptic loosening and infection, periprosthetic femoral fractures (PFFs) have been identi�ed as the
third leading cause of revision, with incidence rates ranging from 0.1–2.1%[1, 2]. Incidence of PFFs
continues to increase every year along with the continuous aging of the population and the increasing
frequency of primary hip replacements [3, 4]. Data from the Swedish National Arthroplasty Registry
revealed that revision surgery caused by PFFs account for approximately 9.3–14.7% of all hip revision
surgeries, while that the cases of re-fractures after revision were approximately 5 times higher than those
following primary hip replacements[5].

PFFs have many risk factors, including trauma, age, gender, osteoporosis, and prosthesis loosening. The
most common cause of PFFs among patients is mild trauma like ground level falls, which account for
approximately 75–84% of all reported cases[5]. PFFs may also occur during surgery depending on the
choice of revision prosthesis. To achieve initial stability, uncemented �xation requires tight compression



Page 3/14

during operation. However, uncemented �xation entails a higher fracture risk compared with cement
�xation.

Patients with PFFs have a high mortality rate and are exposed to several complications[6, 7]. For the
patient, to withstand traumas caused by fractures and revision surgery, whereas for doctors, surgery for
PFFs is di�cult and time consuming.

The Vancouver classi�cation[8] is the most widely used classi�cation for PFFs that not only identi�es the
location of fractures but also considers prosthesis stability and bone defects, thereby providing valuable
guidance to clinical treatment plans.. Among the Vancouver PFF classes, the Vancouver B-type fracture
has the highest incidence rate, with Vancouver B2 and B3 fractures being the most di�cult to treat due to
prosthesis loosening[9]. However, only few long-term reports on the surgical treatment of Vancouver B2
and B3 fractures have been published. To �ll this gap, this study investigates the fracture healing,
prosthesis stability, incidence of complications, quality of life, and survival of patients with Vancouver B2
and B3 fractures.

1. Methods
1.1 Patient inclusion and data collection

The surgical data collected from Vancouver B2 and B3 patients who were admitted to the a�liated
hospital of the XXX and the XXX from 2007 to 2011 were retrospectively analyzed. A total of 83 patients
were included in the study. Among these patients, 13 had fractures after a revision procedure, whereas 52
developed fractures following a primary total hip replacement. These fractures occurred between 4 and
133 months (average of 80±26.6 months) after an operation. Among the examined cases, a total of 18
fractures occurred during surgery, of which 12 occurred during the stem-�tting process in primary hip
replacement. The proximal bone does not provide initial stability for the short stem prosthesis, we
replaced short stem with a long stem. 6 occurred during revision surgery (4 fractures occurred during the
stem-�tting process,2 cases occurred during the removal of cement). A total of 65 cases of preoperative
fractures, 46 were caused by mild violence (such as fall off a stool or fall on �at ground),13 were due to
car accidents, and 6 showed no clear injury. (Table 1) Those patients with incomplete follow-up data,
femoral malformation, fractures resulting from tumors or long-term use of hormones, acetabular
prosthesis fractures, and previous cases of periprosthetic infection were excluded from the study.

1.2 Surgical technique

All surgeries were performed at the tertiary referral center. The arthroplasty surgeons received the same
quali�ed technical training in PFF treatment. Each chief physician had extensive experience in hip
revision surgery and fracture �xation. Those patients with preoperative medical diseases were treated by
relevant physicians, and the anesthesiologists performed the preoperative risk assessment.
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All patients were given general anesthesia and placed in a lateral position. The posterior lateral approach
was applied in the surgery. The loosening of the femoral stem prosthesis during surgery was examined
along with femoral bone mass. Extended trochanteric osteotomy was performed for those patients
having di�culties in removing their original prosthesis. First, the loose prosthesis and any residual
cement were removed. Second, the medullary cavity was expanded distally, and the appropriate implant
was selected. Third, two to three lines of steel wire or cable were used to �x the osteotomy and fracture
pieces around the proximal prosthesis, and the soft tissue around the fracture was retained. (Figs. 1 and
2) For those patients with severe femoral cortical thinning, the femur was reconstructed by using
structural cortical bone grafts. (Fig. 3) Fluoroscopy was used during the operation to observe the stability
of prosthesis and the reduction in fracture. The wounds were stitched, and a drainage tube was placed.

Post-operative treatment

The patients were evaluated after surgery. The �rst review took place six weeks after surgery and was
conducted every three months thereafter during the �rst year. AP pelvic and lateral radiographs of the
affected hip were used in the imaging evaluation. The X-ray captured during the sixth week was used as
benchmark in evaluating the position of prosthesis. The Engh[10] standard was used to evaluate the
loosening of prosthesis. Loosening is diagnosed when greater than 2mm of radiolucency are discovered

The termination time for implant survival was de�ned as those stems that required revision surgery for
any reason. Serious complications included prosthesis loosening, non-union, infection, dislocation, and
secondary fracture during follow-up. SF-36 was used to evaluate the quality of life of patients without
dementia. For those patients who died after surgery, their relatives were contacted to record the time and
cause of their deaths.

1.3 Statistical method

Statistical analyses were performed by using SPSS 19.0 (Chicago, IL, USA), the patient and implant
survival was assessed by using the Kaplan–Meier survival curve, and the survival curves were compared
by performing a log-rank (Mantel–Cox) test.

2. Results
The 83 patients included in the study received a complete follow-up. Among these patients, 36 (43%)
were males and 47 (57%) were females, 69 (83%) had Vancouver B2, and 14 (17%) had Vancouver B3.
The average age of these patients at the time of their revision surgery was 63.9 ± 9.5 years (range: 42 to
84 yeas).

The patients with B2 and B3 underwent revision surgery, and their bone defects were supplemented with
cortical allograft. Among these patients, 80 (96.4%) achieved clinical healing at an average of 4.1 ± 0.6
months (range: 3 to 5 months), 2 (2.4%) developed non-union, and 1 (1.2%) died in the second month
following the operation.



Page 5/14

Complications before discharge included 5 cases of incision complications, 4 cases of anemia, and 2
cases of urinary tract infection. A total of 25 serious complications occurred during the 10-year follow-up,
including 13 prosthetic dislocations, 8 aseptic loosening, 2 infections, and 2 non-union. (Table 2) Among
these cases, 15 underwent secondary revision surgery with a revision rate of 18.1%. Prosthesis
dislocation was identi�ed as the primary cause of secondary revision.

Those patients with PFFs demonstrated a high postoperative mortality. The highest mortality rate was
recorded during the �rst year after operation (8.4%, 7/83). The Kaplan–Meier analysis results showed
that the mortality rate tends to plateau after �ve years. The overall 5-year Kaplan–Meier survival rate for
these patients was 75.9% (95% CI, 66.7–85.1), whereas the 10-year survival rate was 63.9% (95% CI,
53.1–74.7). (Fig. 4) Meanwhile, the 5-year Kaplan–Meier survival rate for the implants was 86.9% (95%
CI, 79.3–94.5), whereas the 10-year survival rate was 80.3% (95% CI, 70.9–89.7). (Fig. 5) The survival
curves for patients (p = 0.14) and implants (p = 0.47) showed no signi�cant differences regardless of
treatment type (distal �xation stem alone vs. distal �xation stem supplemented with cortical allograft). At
the latest follow-up, the SF-36 score ranged from 17 to 64 with an average of 48.3 ± 9.8.

3. Discussion
Early in the study of PFFs treatment, scholars tried to treat B2 or B3 PFFs conservatively. However, the
results of the conservative treatment of patients with PFFs were very poor, and a very high incidence of
complications, including atelectasis, thrombus, and non-union of fracture, was reported [11]. Surgical
treatment was applied to allow patients to exercise early and to avoid complications resulting from
conservative treatment. Despite showing improvements, the e�cacy of surgical treatment remained far
from satisfactory. The incidence of surgical complications and risk of death in PFFs surgery were
considerably higher than those in aseptic loose hip revision surgery [12, 13].

The Kaplan–Meier survival analysis results showed a 5-year survival rate of 75.9% (95% CI, 66.7–85.1)
and a 10-year survival rate of 63.9% (95% CI, 53.1–74.7), which were consistent with the data from the
Swedish National Arthroplasty Registry (10-year rate: 64.9%)[14].

The post-operative deaths among patients mostly occurred in the �rst year after surgery, with the earliest
death reported in the second month after surgery. A mortality rate of 8.4% (7/83) was recorded within one
year after surgery. Among patients of the similar age, the mortality rate of those patients with PFFs was
signi�cantly higher than that of patients with femoral neck fracture but was nearly similar to that of
patients with hip fracture[15, 16]. Meanwhile, the Swedish National Arthroplasty Registry reported a 13.1%
morality rate among patients with PFFs during the �rst year after their surgery, and this rate agreed with
the �ndings of Fuchtmeier[17], who reported a 13.2% mortality rate among patients within one year after
surgery. Compared with the �ndings of this study, the data from Fuchtmeier better matched those from
the Swedish National Arthroplasty Registry possibly due to the small number of research cases and
subjects utilized in this study. In addition, the causes of short-term deaths after surgery were examined in
this study. (Table 3)
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The age, sex, Vancouver classi�cation, surgical methods, operation time, and intraoperative blood loss of
those seven patients who died within one year after their surgery were compared with those of other
patients, and no statistically signi�cant differences were observed in terms of sex, Vancouver
classi�cation, surgical methods, operation time, and intraoperative blood loss (P > 0.05). However, the
age of these 7 patients was signi�cantly higher than those of the other patients (p<0.05). These patients,
which included 5 females and 2 males, had an average age of 69.9±3.9 years. Among them, three
developed cardiovascular and cerebrovascular diseases before surgery, two had cardiovascular,
cerebrovascular, and respiratory diseases, and two had cardiovascular and cerebrovascular diseases in
addition to diabetes. The earliest post-operative death occurred in the second month after surgery. This
patient developed persistent hypovolemic shock after surgery and eventually died of multiple organ
failure. The other six patients were discharged from the hospital within two weeks after their surgery and
returned to the local hospital for rehabilitation. The telephone follow-up revealed that almost all these
patients were left bedridden for a long period after their surgery, thereby suggesting that long-term bedrest
after surgery increases the risk of death among elderly patients.

Among the 15 patients who underwent secondary revision surgery, 8 had dislocated prosthesis, 5 had
aseptic loosening, 1 had joint infection, and 1 had non-union. The revision rate among these patients was
18.1%, which was similar to that reported by the Swedish Joint Registry (18.7%). Mukundan [4]examined
the surgical treatment outcomes of 59 patients with B2 and B3 PFFs for 2 years. Among these patients,
12 (20%) developed complications, including non-union, loosening, and prosthesis dislocation, and
underwent second revision surgery. However, in this study, only 7 (8.4%) patients underwent a second
revision during the 2-year follow-up, and this number is much lower than that reported by Mukundan. This
result may be ascribed to the fact that the percentage of patients with B3 fractures in Mukundan’s work
(28.8%) was much higher than that reported in this study (16.9%). In addition, patients with B3 fractures
generally showed higher revision rates compared with the other patients. Joint dislocation is a common
complication resulting from a hip replacement that has a high chance of occurring during revision
surgery [18]. In this study, joint dislocation was identi�ed as the main cause of secondary revision
because multiple surgical operations can destroy the original anatomical structure of the hip and result in
a poor soft tissue balance.

The prosthesis mainly subsided within 1 year after surgery, which coincided with the �ndings of
Mulay[19], who found that the prosthesis mainly subsided within 6 months after revision with an average
subsidence of 5 mm. However, the prosthesis did not subside again during the �ve-year follow-up after
bony ingrowth and fracture healing were achieved.

SF-36 was used to assess the quality of life of patients. SF-36 is a general health assessment tool that
comprehensively evaluates the quality of life of patients from eight aspects, including bodily functions,
social functions, and mental health.

This work has several limitations. First, only a few cases were examined, and additional sample data are
warranted. Second, a different revision stem was used for the second revision of the patients, thereby
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leading to bias. Third, this study was conducted by two hospitals whose surgeons may have different
surgical experiences.

Conclusions
Patients with fractures around the femoral prosthesis have a high mortality rate, especially during the �rst
year after their surgery. The Kaplan–Meier analysis revealed that this mortality rate tends to plateau after
�ve years. Prosthesis dislocation was identi�ed as the primary cause of secondary revision.

Abbreviations
PFFs: periprosthetic femoral fracture

Declarations
Ethics approval and consent to participate

This study has been approved by the Ethic Committee of the A�liated Hospital of Xuzhou Medical
University (NO. XYFY2018-aL040–08). Written informed consent was obtained from all patients included
in the study.

Consent for publication

Not applicable.

Availability of data and materials

All data generated or analyzed during this study are included in this article.

Competing interests

The authors declare that they have no competing interests.

Funding

The author(s) received no �nancial support for the research, authorship, and/or publication of this article.

Authors’ contributions

SF, JNS did the study, analyzed the data, and wrote the manuscript. ZJM, XYC, YuZ, YeZ were involved in
the design, data management, and analysis of the study. All authors read and approved the �nal
manuscript.

Acknowledgements



Page 8/14

The authors thank XXX and XXX from XXX for the Working Environment for their valuable technical
assistance and support.

References
1. Masri BA, Meek RMD, Duncan CPJCO, Research R: Periprosthetic Fractures Evaluation and

Treatment. 2004, 420(420):80-95.

2. Bozic KJ, Kamath AF, Ong K, Lau E, Kurtz S, Chan V, Vail TP, Rubash H, Berry DJJCO, Research R:
Comparative Epidemiology of Revision Arthroplasty: Failed THA Poses Greater Clinical and
Economic Burdens Than Failed TKA. 2015, 473(6):2131-2138.

3. Thien, Truike M, Chatziagorou, Georgios, Garellick, Göran, Furnes, Ove, Havelin, Leif IJJoB et al:
Periprosthetic Femoral Fracture within Two Years After Total Hip Replacement: Analysis of 437,629
Operations in the Nordic Arthroplasty Register Association Database. 2014, 96(19):e167.

4. Mukundan C, Rayan F, Kheir E, Orthopaedics DMJI: Management of late periprosthetic femur
fractures: a retrospective cohort of 72 patients. 2010, 34(4):485-489.

5. Hans L, Henrik M, Peter H, G?Ran G: Periprosthetic femoral fractures classi�cation and
demographics of 1049 periprosthetic femoral fractures from the Swedish National Hip Arthroplasty
Register. Journal of Arthroplasty 2005, 20(7):857-865.

�. Moreta J, Aguirre U, Ugarte OSD, Jáuregui I, Mozos MDL: Functional and radiological outcome of
periprosthetic femoral fractures after hip arthroplasty. Injury-international Journal of the Care of the
Injured 2015, 46(2):292-298.

7. Gri�ths EJ, Cash DJW, Kalra S, Hopgood PJJI-iJotCotI: Time to surgery and 30-day morbidity and
mortality of periprosthetic hip fractures. 2013, 44(12):1949-1952.

�. Ninan TM, Costa ML, Injured SJKJI-iJotCot: Classi�cation of femoral periprosthetic fractures. 2007,
38(6):661-668.

9. Holley K, Zelken J, Padgett D, Chimento G, Yun A, Journal RBJH: Periprosthetic Fractures of the
Femur After Hip Arthroplasty: An Analysis of 99 Patients. 2007, 3(2):190-197.

10. Engh CA, Bobyn JD, Glassman AH: Porous-coated hip replacement. The factors governing bone
ingrowth, stress shielding, and clinical results. The Journal of bone and joint surgery British volume
1987, 69(1):45-55.

11. 3Rd BJ, Deandrade JR, Fleming LL, Lindenbaum SD, Welch RBJCO: Proximal femoral fractures
following total hip arthroplasty. 1982, 170(170):95-106.

12. Young S, Walker C, Pitto RJAO: Functional outcome of femoral peri prosthetic fracture and revision
hip arthroplasty: A matched-pair study from the New Zealand Registry. 2009, 79(4):483-488.

13. Timothy B, Denis C, Meigs JB, Estok DM, Henrik MJJbJSa: Mortality after periprosthetic fracture of
the femur. 2007, 89(12):2658-2662.

14. Karrholm J: The Swedish Hip Arthroplasty Register (www.shpr.se). Acta Orthop 2010, 81(1):3-4.



Page 9/14

15. Bartels S, Gjertsen JE, Frihagen F, Rogmark C, Utvåg SEJAO: High failure rate after internal �xation
and bene�cial outcome after arthroplasty in treatment of displaced femoral neck fractures in
patients between 55 and 70 years. 2017, 89(4):1-6.

1�. Mattisson L, Bojan A, Enocson AJBMD: Epidemiology, treatment and mortality of trochanteric and
subtrochanteric hip fractures: data from the Swedish fracture register.

17. Füchtmeier B, Galler M, Müller FJJoA: Mid-Term Results of 121 Periprosthetic Femoral Fractures:
Increased Failure and Mortality Within but not After One Postoperative Year. 2015, 30(4):669-674.

1�. Weegen WVD, Kornuijt A, Das D: Do lifestyle restrictions and precautions prevent dislocation after
total hip arthroplasty? A systematic review and meta-analysis of the literature. 2016.

19. Mulay S, Hassan T, Birtwistle S, Arthroplasty RPJJo: Management of Types B2 and B3 Femoral
Periprosthetic Fractures by a Tapered, Fluted, and Distally Fixed Stem. 2005, 20(6):751-756.

Tables



Page 10/14

 

Figures



Page 11/14

Figure 1

Vancouver B2 type PFF treated with long stem revision.
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Figure 2

Vancouver B2 type PFF treated with long stem revision which occurred nonunion.

Figure 3

Vancouver B3 type PFF treated with a proximal femoral allograft technique.
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Figure 4

Kaplan-Meier survival curve for patients after revision total hip arthroplasty (THA) for Vancouver type B2
and B3 type PFFs.
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Figure 5

Kaplan-Meier survival curve (revision for any cause) for revision total hip arthroplasty (THA) due to
Vancouver type B2 and B3 type PFFs.


