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Abstract

Background Posterior-stabilized TKAs, which use a

polyethylene tibial post to articulate against a metal fem-

oral cam, are used regularly. Reported complications are

related to the patellofemoral articulation or the tibial post-

cam mechanism. Fracture of the tibial post is an uncom-

mon but disabling complication after posterior-stabilized

TKA that requires operative treatment.

Questions/purposes The literature was reviewed to

determine the frequency of tibial post fracture and address

three questions: (1) Is there a specific prosthetic design or

patient demographics in knees with a fracture of the tibial

post? (2) What are the common presenting complaints and

methods of diagnosis? (3) What methods of treatment have

been used?

Methods A PubMed search of English language articles

from February 1982 to April 2010 was performed and

20 articles, all Level IV studies, were identified.

Results One specific design of posterior-stabilized tibial

post with a central screw hole had a 12.4% incidence of

fracture. Tibial post fracture has been reported with other

designs, but with an incidence of 1% or less. The most

common presenting symptoms include effusion, instability,

or patella clunk syndrome. The most common method of

diagnosis was clinical examination followed by arthro-

scopic examination. Treatment with revision to a new tibial

polyethylene liner generally has been successful at short-

term followup.

Conclusions Tibial post fracture is a relatively uncom-

mon complication after posterior-stabilized TKA that

usually is treated successfully with liner exchange. The low

quality of available literature makes it difficult to recom-

mend a specific treatment protocol.

Level of Evidence Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Posterior-cruciate ligament-substituting (PS) designs are

commonly used for TKA. The first PS prosthesis, designed

by Insall and Burstein, introduced a polyethylene tibial

spine that engaged a metal cam on the femoral component

during knee flexion [16]. This provided for better knee

flexion and stairclimbing ability, compared with the ori-

ginal total condylar prosthesis, without an increase in

component loosening [1, 10, 16]. The tibial post and

femoral cam design has been used with success in sub-

sequent TKA implant designs during the past 25 years

[1, 10, 13, 20–22, 31]. Complications reported with

the PS-design TKA implants may be related to the

patellofemoral articulation, with patella clunk syndrome

or crepitus, or to the post and cam mechanism, with tibial

post wear, impingement, or breakage [27, 30].
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The tibial spine-post femoral cam mechanism of a

posterior-stabilized TKA implant was designed to engage

only on the posterior side of the tibial post during flexion to

improve femoral rollback and increase the amount of knee

flexion. However, three retrieval studies of several designs

of PS prostheses showed wear and deformation on the

anterior side of the tibial post [7, 14, 30]. In one study of

four different designs, 40% of the tibial post surface

showed some form of deformation, and seven of 23 posts

(30%) had severe damage, with gross loss of polyethylene

[30]. A wide variability in wear patterns was related to

differences in post location, geometry, and mechanics. In a

study of seven revised knees with two different PS designs,

there was osteolysis, presumably attributable to anterior

tibial post wear and backside tibial component liner wear

[7]. With one design, this post damage was attributable to

anterior post impingement caused by flexion of the femoral

component and excessive posterior slope of the tibial

component. There was also a possibility of rotational force

transmission to the tibial post-femoral cam mechanism

with the other design. One study of 234 retrieved implants

with two different post locations reported greater wear

damage in implants with a more anterior post placement

[14]. In a cadaveric study of seven knees with a single

design second-generation PS prosthesis (NexGen LPS,

Zimmer, Warsaw, IN, USA), anterior post impingement

was found at low flexion angles of simulated heel strike

and 08 to �98 hyperextension [24]. Using electron

microscopy, a retrieval study of another PS design (Genesis

II constrained, Smith and Nephew, Schenefeld, Germany)

found anterior and posterior post fissures in all seven

polyethylene liners at a mean of only 25 months in situ

[33]. This design generates rotational constraint, with

rotational load acting at the anterior and posterior corners

of the post.

A systematic review of the literature of PS TKA

implants was performed to determine the frequency of

fracture of the tibial post and to address three questions:

(1) is there a difference in prosthetic design or patient

demographics in knees with a fracture of the tibial post;

(2) what are the common presenting complaints and

methods of diagnosis; and (3) what methods of treatment

have been used?

Search Strategy and Criteria

I first performed a comprehensive literature search to locate

articles describing PS TKA. PubMed was searched for

articles with the following MeSH entries: ‘‘total knee

arthroplasty’’, ‘‘posterior stabilized knee arthroplasty’’, and

‘‘tibial post fracture’’. The dates of the searches were from

February 1, 1982 and April 23, 2010. These terms were

taken in various combinations using the Boolean operators

‘‘AND’’ and ‘‘OR’’. With the additional limitations of

English language only and studies on humans only, the

search yielded 9374 for ‘‘total knee replacement’’, 5956

citations for ‘‘total knee arthroplasty’’, 336 citations for

‘‘total knee arthroplasty and/or posterior stabilized’’, and

37 citations for ‘‘posterior stabilized knee and tibial post

and/or fracture’’. The same key words used in the PubMed

search were used in the EMBASE search, with limitations

to English language only and studies on humans only. This

search yielded 1764 citations for ‘‘total knee arthroplasty’’,

468 citations for ‘‘posterior stabilized’’, and 12 citations for

‘‘tibial post fracture’’. Finally, appropriate articles were

searched for in the Cochrane Database. Of 6153 abstracts

dealing with ‘‘knee’’ or ‘‘tibia’’, 17 abstracts and papers

with tibial post fracture were reviewed for applicability. No

limits were placed on the studies for number of patients,

study design, absence of patient demographics, or length of

followup. The bibliographies of identified studies were

reviewed for other applicable articles. These searches

resulted in 20 relevant articles for data extraction (Fig. 1).

A standardized paper form was used to assist in data

extraction from each study (Appendix 1). This form was

used to extract patient-related factors, implant-related fac-

tors, diagnostic and treatment factors, and outcomes if

available. Patient-related factors included number of

patients, number of knees, mean age and weight or body

Total knee replacement 
Total knee arthroplasty 

Potentially relevant 
abstracts based on 

search 
(n = 9374)

Potentially relevant abstracts on 
posterior-stabilized knee 
replacement or knee arthroplasty       
reviewed 
 (n = 336) 

Full text articles 
reviewed 
 (n = 37) 

Included in final  
review   
(n = 20)

Omitted based on 
exclusion criteria: 
not related to 
posterior-stabilized 
(n = 9038) 

Omitted based on 
exclusion criteria: not 
related to tibial post 
(n = 299) 

Did not meet 
inclusion criteria: 
no tibial post 
fracture    
(n = 17) 
 

Fig. 1 A flowchart shows the literature searches for articles related to

tibial post fractures
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mass index, patient gender, preoperative diagnosis, and

history of trauma. Implant-related factors included implant

type and manufacturer and months in situ. Diagnostic

factors included the use of clinical examination, radio-

graphs and other imaging modalities, and diagnostic

arthroscopy. The treatment modality, followup time, and

outcomes were recorded if available.

Results

It is difficult to determine the exact incidence of tibial post

fracture. Hendel et al. reported an incidence of 1.2% (five

of 332) with the Insall-Burstein II prosthesis (Zimmer)

implanted during a 5-year period at one center [15]. In

another study of this prosthesis, the incidence of tibial post

fracture was 0.51% (one of 193 knees) with 5 to 14 years

followup [20]. Bal et al. reported 70 of 564 (12.4%) con-

secutive PS prostheses (Foundation-100 Series Total Knee

System1, Encore Orthopaedics, Austin, TX, USA) had

revision surgery because of catastrophic failure of the tibial

post [4]. However, this tibial post had a defective design,

with a central hole in the post to allow screw fixation of the

tibial liner to the metal tibial tray. These polyethylene

components were machined from standard ram-extruded

bar stock and sterilized with gamma irradiation in air or

nitrogen, followed by vacuum packaging. The exact shelf

life of these components was unknown, but estimated at

less than 5 years from the date of manufacture. In addition

to this large report of 70 tibial post fractures, and an earlier

report of five fractures with the same prosthesis [27], there

are only 27 total reported cases of tibial post fractures in 18

published articles (Table 1) in the English language during

the past 10 years [3, 5, 8, 9, 11, 14, 15, 17–20, 23, 25, 26,

28–30, 32]. In these case series, the highest incidence was

1.2% [15], with most reporting less than 1%. As the

prosthesis with a central hole in the post had an obvious

design flaw, cases using it will be analyzed separately from

the other 27 reported cases. In the study of 70 fractured

tibial posts with a central screw hole, there were substantial

demographic differences between patients with and with-

out tibial post fractures [4]. The patients with tibial post

fractures were younger (64 versus 68 years), had a greater

weight (204 versus 181 lbs), and were more likely to be

males (71% versus 42%). The symptoms described by

these patients were instability, pain, and patella clunking in

36 knees, and combinations of these symptoms in the

remaining 34 knees. The mean time between index surgery

and revision was 40 months (range, 24–83 months). The

diagnosis usually was made if there was the presence of

patella clunking and a positive posterior drawer test with

the knee flexed greater than 908. These patients were

treated by revision using a deep-dish congruent tibial

liner, with a mean followup of 28 months (range,

13–61 months). There were eight different posterior-

stabilized prostheses in the 27 other cases of tibial post

fractures: 11 Insall-Burstein II1 [9, 14, 15, 20, 28], one

Insall-Burstein I1 [14], three NexGen1 (all Zimmer)

[8, 11, 23], four Scorpio1 (Stryker, Mahwah NJ, USA)

[17, 18, 25], four Genesis1 (Smith & Nephew, Memphis,

TN, USA) [19, 26, 30], two PFC-Sigma1 [3, 32], one

AMK (both DePuy, Warsaw IN, USA) [29], and one Dual-

Articular1 [5] (Biomet, Warsaw IN, USA). There were

18 women and five men (gender was not reported for

four patients [four knees]). The mean patient age,

reported for 23 patients (23 knees), was 63.4 years (range,

44–85 years). The preoperative diagnosis, reported for

17 knees, was osteoarthritis in 12, rheumatoid arthritis in

three, posttraumatic arthritis in one, and revision in one.

The patient weight, reported in only five cases, ranged from

66 to 123 kg (mean, 95.2 kg). The time in situ, stated in

22 cases, ranged from 2 to 100 months (mean,

37.9 months). For the 23 patients with a history, there was

no trauma in 17 patients and a definite history of trauma in

six patients.

The presenting symptoms of tibial post fracture were

pain, effusion, and instability in 10 patients, instability

alone in nine, dislocation in two, a palpable mass in one,

and effusion with symptomatic popliteal cyst in one.

Symptoms were not reported for four patients. The diag-

nosis of tibial spine fracture was made using only clinical

examination in 15 knees, arthroscopic examination in

seven knees (two of which also had CT and MRI), and

contrast arthrography in one knee. The method of diagnosis

was not reported for four knees.

The treatment for the fracture of the tibial post was

tibial polyethylene liner exchange with another posterior-

stabilized component in 18 knees. The liner thickness was

increased from 2 mm to 6 mm in most knees. Only one of

these knees failed, owing to component malrotation, and

rerevision of all components to a constrained, condylar

prosthesis was performed [3]. However, length of followup

was reported for only 12 patients (12 knees) at a mean of

28.6 months (range, 2–60 months). For four knees, the

initial treatment was revision of the components, three of

which had a rotating hinge prosthesis [15, 29]. Followup of

5 to 8 years was reported for these three knees. One knee

was treated with arthroscopic excision of the fractured

tibial post alone, but followup was not reported. The

treatment for four knees was not reported.

Discussion

Although PS prostheses are commonly used for various

arthritic knee problems, complications related to the
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tibial post and femoral cam mechanism are relatively

uncommon. The goal of this systematic review was to

address three questions: (1) is there a difference in pros-

thetic design or patient demographics in knees with a

fracture of the tibial post; (2) what are the common pre-

senting complaints and methods of diagnosis; and (3) what

are the methods of treatment that have been used?

After performing this evidence-based review, it is clear

that the literature is limited. First, there are no Level I or

Level II studies. Most of the studies are case reports and

biomechanical retrieval studies of tibial post fracture and

its treatment. It is difficult to make informed treatment

recommendations as we rely on Level IV studies typically

with limited numbers of selected patients for our decision-

making. Second, current studies are characterized by poor

reporting of demographic data and radiographic alignment

and lack of medium-term followup after treatment. Success

of treatment was poorly defined in most studies. Other than

the three reports of fractured tibial posts fabricated from

highly cross-linked polyethylene [17, 18, 25], the quality of

the polyethylene used in the knees was not reported. Third,

there may be some selection bias from restricting my

searches to the English language. Fourth, the studies span

more than 10 years and surgical techniques evolve and

improve with time, which can affect results.

One specific prosthetic design that was associated with

the highest incidence of tibial post fracture was identified.

This prosthesis had a hole in the post for screw fixation of

the polyethylene liner to the tibial tray [4, 27]. Revision for

catastrophic failure of the tibial post was necessary in

12.4% of knees at a mean of 40 months postoperatively

[4]. These patients were different from patients in the other

group with fractures of the tibial post, in that they were

predominantly male, and they were younger and heavier

than the patients without fractures of the post. The pre-

senting complaint with this prosthesis after the post

fracture included patella clunking in most knees, which

was not seen in the other group with tibial post fractures.

These findings likely indicate some unique design flaw

with this PS prosthesis and its tibial post. The treatment of

these failed knees was also different than that of the other

group, with the use of a deep dish congruent liner in all

patients, with successful results at short-term followup.

In the other group of 27 tibial post fractures, there were

eight different prosthetic designs from five different

implant manufacturers, indicating that the complication of

tibial post fracture can occur with various designs. One

particular design, the Insall-Burstein II1 prosthesis, had

11 fractures. In a retrieval study, Furman et al. reported that

the post damage and fracture probably were related to this

design having a more anterior post location than the Insall-

Burstein I1 prosthesis [14]. However, there were possible

confounding variables in that study, such as excessive

flexion or valgus alignment of the femoral component and

posterior slope of the tibial component, that led to

impingement, post wear, and eventual fracture [14]. Mal-

alignment of PS components in either the sagittal or

coronal planes likely is related to tibial post fracture, but a

review of the literature could not prove this.

The presenting symptoms of tibial post fracture most

commonly include pain, effusion, and instability, but

instability alone was frequently reported. These complaints

and the lack of a traumatic event in most cases indicate that

the history and physical examination findings are not spe-

cific for tibial post fracture, and a high degree of clinical

suspicion is necessary. There were no characteristic

radiographic findings and other methods of imaging were

used so infrequently that no strong recommendation can be

made. Arthroscopic examination was diagnostic in the

seven cases in which it was used, so perhaps this is war-

ranted when the diagnosis or need for revision surgery is

uncertain. However, almost all patients with severe

symptoms will require some type of revision surgery,

therefore the necessity of routine arthroscopy of unstable

PS knees probably is not warranted.

The most frequent treatment for tibial post fracture was

reoperation with PS liner exchange, usually increasing the

thickness of the liner by 2 mm to 6 mm. However, a strong

recommendation in support of this treatment is not possi-

ble, owing to the lack of followup in many cases, and the

short-term followup (mean, 28.6 months) in the other

cases. The use of tibial liner exchange for various knee

problems, including instability and wear, was questioned in

three Level IV studies [2, 6, 12]. Brooks et al. reported

failure in 29% (four of 14) of revisions with polyethylene

exchange only for prosthetic knee instability [6]. Revision

of the components to constrained condylar or rotating-

hinge components was performed infrequently in these

cases. The best available data provided by this review

suggest that PS tibial liner exchange may be successful, at

least for 2 to 5 years followup, in many patients with

fracture of the tibial post if alignment of the components is

satisfactory. High-quality, multicenter, randomized trials

comparing liner exchange with full revision of components

are needed to confirm the results of this systemic review.
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Appendix 1. Tibial post fracture data extraction form

Study author

Number of knees (patients)

Patient age at time of index arthroplasty

Patient gender
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Primary preoperative diagnosis

Patient weight or body mass index

Months in situ before fracture occurred

Brand of total knee arthroplasty prosthesis

Presenting symptoms

Trauma involved: Yes, No

Preoperative diagnostic procedures

Treatment

Followup time

Reoperations
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