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Abstract Recent modifications in total knee prosthesis

design theoretically better accommodate the anatomy of

the female femur and thereby have the theoretical potential

to improve clinical results in TKA by more accurately

restoring femoral posterior condylar offset, reducing fem-

oral notching, reducing femoral component flexion, and

reducing component overhang. First, we radiographically

evaluated whether a contemporary unisex prosthesis would

accommodate female anatomy equally as well as male

anatomy. Next, we radiographically evaluated female

knees in which a gender-specific prosthesis was used. Pre-

and postoperative radiographs of 122 knees (42 female

unisex, 41 male unisex, 39 female gender-specific) were

reviewed. In the unisex groups, there were no differences

in femoral notching or femoral component flexion. Pos-

terior femoral offset increased in both groups. However,

femoral component overhang was worse in female knees

(17%) than in male knees (0%). In the gender-specific

female group, the incidence of component overhang was

similar to that in the unisex female group. Unisex femoral

components of this specific design do not equally match the

native anatomy male and female knees. In some women, a

compromise was required in sizing.

Introduction

The concepts of sexual dimorphism in humans and ana-

tomic variations in various ethnic groups are well known

and supported by anatomic and radiographic studies [6,

10–12, 16]. In general, the distal femurs of females are not

only smaller, but have different shapes with a narrower

medial-lateral (ML) diameter for any given anteroposterior

(AP) distance than in males [6, 10, 12]. The recent intro-

duction and marketing of gender-specific knee arthroplasty

implants was a new approach to the ongoing trend across

TKA systems to offer more sizing options and is based on

the anatomic differences between male and female femurs

[4, 9]. Rather than simply offering more sizes with similar

AP to ML ratios, the gender-specific component is

designed to better accommodate the anatomic differences

noted in females with a narrower ML dimension for any

given AP dimension [4, 9]. In addition, the angle of the

trochlear groove was increased and the anterior flange

thickness was reduced to better match the native female

anatomy [4, 9].

The introduction of the gender-specific components,

optimized for the female anatomy, raised the question of

whether the unisex components in this system equally

matched the native anatomy of both male and female

patients in TKA or whether they better matched one gen-

der. Theoretically, intraoperative problems such as

overresection of the posterior femoral condyles, femoral

notching, excessive femoral component flexion, or
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acceptance of component overhang may be caused when

trying to accommodate the native female anatomy with the

standard unisex femoral component sizes that are based on

mean anatomic measurements from males and females. In

circumstances in which a female knee requires a larger size

component in the AP dimension than it can accommodate

in the ML dimension, the surgeon has four choices, all of

which may contribute to clinical problems, including (1)

overresection of the posterior femoral condyles, which can

reduce postoperative flexion [3]; (2) increased femoral

component flexion, which can lead to cam-post impinge-

ment in a posterior stabilized knee [1, 5, 7]; (3) femoral

notching with potential for supracondylar fracture [1, 8,

14]; and (4) femoral component overhang, which may

create soft tissue irritation. Anecdotal intraoperative

observations suggested the operating surgeon (HDC) ten-

ded to downsize the femoral component in some female

patients because of difficulties accommodating the ML

dimension of the prosthesis that was optimal in the AP

dimension.

We therefore posed the following hypotheses: (1) unisex

femoral components do not adequately match the native

femoral anatomy of female knees and thereby use of these

implants in female patients will result in higher rates of

undesirable radiographic outcomes, including a reduction

of femoral posterior condylar offset, increased femoral

component flexion, increased femoral notching, and

increased component overhang versus male patients with a

unisex component; and (2) use of gender-specific femoral

components in female patients will eliminate the increased

rates of undesirable radiographic outcomes hypothesized in

female patients with a unisex device.

Materials and Methods

We retrospectively reviewed 39 females (42 knees) with a

unisex femoral component, 38 males with a unisex femoral

component (41 knees), and 35 females (39 knees) with a

gender-specific femoral component who had undergone

primary TKA from January 2005 to April 2007. All

patients had received either a NexGen1 Legacy1 Posterior

Stabilized prosthesis (Zimmer, Inc, Warsaw, IN) or a

Gender SolutionsTM NexGen1 Legacy1 Posterior Stabi-

lized prosthesis (Zimmer, Inc). Additional inclusion

criteria were absence of periarticular bony deformities or

ligamentous insufficiency and availability of true lateral

radiographs of the femur both preoperatively and postop-

eratively. During the same time period, we performed 263

primary TKAs. Of these, 13 were excluded because they

required a constrained implant for bony or ligamentous

deficiencies and 12 had received a primary implant from a

different manufacturer. A further 116 knees were excluded

because they lacked a true lateral radiograph or adequate

AP radiograph either preoperatively or postoperatively.

The study protocol was approved by the Institutional

Review Board at our institution.

All operations were performed by the same surgeon

(HDC) using the same instruments. Bone cuts were per-

formed in a standard manner with the distal femoral and

proximal tibial bone cuts perpendicular to the mechanical

axis in the coronal plane. Also, to reduce the risk of fem-

oral notching, 3� of flexion was incorporated into the distal

femur in the sagittal plane. The proximal tibial cut incor-

porated a limited posterior slope of approximately 3� in the

sagittal plane. Femoral component sizing was performed

with a posterior referencing instrument that sets the

resection of the posterior condyles equal to the thickness of

the component to attempt to accurately restore the posterior

condylar offset. This guide also incorporates an anterior

boom that allows secondary referencing of the anterior

cortex that helps prevent notching. The anterior cortex of

the midpoint of the femur was used as the point marking

the depth of the anterior femoral resection. The femoral

component rotation was set parallel to the transepicondylar

axis. If downsizing was required based on intraoperative

assessment that the desired femoral component was too

wide, additional posterior resection was performed. The

other alternative was to accept some medial or lateral

overhang. In most cases, some compromise was required

and included the surgeon’s assessment of the extent of the

overhang, flexion and extension gap balance, and remain-

ing anterior bone that could be resected before producing a

notch. However, because this was a retrospective review,

none of the details of this customization process were

recorded.

The pre- and postoperative radiographs were reviewed

by the treating surgeon (HDC) (Figs. 1, 2). On each

occasion, a standing AP view and Merchant view of both

knees were obtained along with a true lateral view of the

operative knee. Each radiograph was performed according

to a standard protocol. These images were evaluated with

standard digital imaging software and the same measure-

ments were performed in each case. Posterior condylar

offset measurements were performed according to the

techniques previously published by Bellemans et al. [3].

Preoperative measurements included AP diameter of the

femur 10 cm from the joint line on the lateral view, max-

imum length of the patella on the lateral view, posterior

condylar offset on the lateral view, and anterior femoral

offset on the lateral view (Fig. 1). Postoperative measure-

ments included the same four measurements as previously

stated and four additional measurements: femoral compo-

nent flexion relative to the anterior cortex on the lateral

view, notching of the anterior cortex on the lateral view,

medial or lateral overhang of the femoral component at the

2712 Clarke and Hentz Clinical Orthopaedics and Related Research

123



distal joint line on the standing AP view, and posterior

slope of the tibial component on the lateral view (Fig. 2).

The posterior tibial slope measurement was added as a

reference measurement, because we believed this measure

independent of the femoral component sizing or position-

ing and gender. On both the pre- and postoperative

radiographs, the diameter of the femur 10 cm proximal to

the joint line was used to standardize any magnification

differences on the two sets of radiographs according to the

previously described technique by Bellemans et al. [3]. In

addition, the length of the patella was also measured for

similar purposes to see if this would be an alternative to the

femoral diameter measurement.

The primary outcome measures were the change from

baseline posterior condylar offset, femoral component

flexion, whether the patient had any femoral notch, whether

the patient had any medial or lateral femoral component

overhang, and change from baseline anterior offset. The

primary outcome measures and methods of analysis were

specified before analyzing the data. Two knees from the

same patient were treated as independent observations. For

offset measurements, we used the thickness of the femur to

measure the followup radiograph in the same scale as the

baseline radiograph. That is, offset measurements on

the followup radiograph were multiplied by the ratio of the

preoperative femoral thickness to the postoperative femoral

thickness. The diameter of the femur was used to stan-

dardize the magnification rather than the length of the

patella because patellar resurfacing made it difficult to

accurately perform this measurement on the postoperative

radiographs.

Mean posterior offset change, femoral flexion, anterior

offset change, and tibial slope were compared among the

groups by using the two-sample t test. Assumptions for

the test were verified by inspecting the distributions of the

residuals. The incidence of notch and overhang were

compared among the groups by using the Pearson chi

square test.

Results

The unisex femoral components did not match the native

female anatomy. Although there were no differences in

mean femoral component flexion (95% confidence interval

[CI], –1.6 to 0.3) or the incidence of notching (95% CI,

-0.15 to 0.19) between the female patients with the unisex

components and the male group, the incidence of medial or

lateral femoral component overhang was higher

(p = 0.006) in females than in males (seven knees or 17%

versus none in the males) (Table 1). In addition, the dif-

ference in the mean change in posterior condylar offset was

lower (p = 0.01) in female than male patients with the

unisex devices (Table 1). However, in both groups, the

change was a slight increase in thickness postoperatively

(female 1.3 mm, male 2.8 mm) rather than the decrease

that was hypothesized would occur in the female group.

Use of the gender-specific prostheses in female patients

did not eliminate the increased incidence of detrimental

radiographic findings noted in the female versus male

unisex groups. Specifically, in the female patients with the

gender-specific components, 5% (two knees) demonstrated

Fig. 1 A true lateral preoperative radiograph demonstrates the four

measurements recorded in each case: anteroposterior diameter of the

femur 10 cm from the joint line, maximum length of the patella,

posterior condylar offset, and anterior femoral offset.

Fig. 2 A true lateral postoperative radiograph demonstrates seven of

the eight measurements recorded in each case: the same four

measurements recorded preoperatively plus femoral component

flexion relative to the anterior cortex, notching of the anterior cortex,

and posterior slope of the tibial component. The eighth postoperative

measurement was medial or lateral overhang of the femoral compo-

nent at the distal joint line taken on the standing anteroposterior view.
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medial or lateral overhang versus 17% (five knees) in the

female unisex group (Table 1). However, the margin of

error was large for a sample of this size (95% CI, -0.25 to

0.02). There were also no differences in the mean femoral

component flexion (95% CI, -0.3 to 1.6) or incidence of

notching (95% CI, -0.18 to 0.16) between the female-

specific and female unisex groups (Table 1). Finally, the

unisex female group had less (p = 0.04; 95% CI, 0.1 to

2.3) mean posterior condylar offset change than the female

gender-specific group, but both groups demonstrated an

increase in posterior condylar offset rather than a detri-

mental decrease (female-specific 2.5 mm, female unisex

1.3 mm).

Discussion

The recent introduction and marketing of the gender-

specific total knee implants is a new approach in the

ongoing trend over the past 30 years to offer more pros-

thetic sizing options in TKA [4, 9] This theoretically

allows surgeons to better match the prosthesis size with

the patient anatomy. In most systems, the increase in size

options has occurred by progressively reducing the step

between sizes in the AP and ML dimensions. However,

the introduction of the gender-specific implants is based

on trying to better match the anatomic differences of

female femurs versus male femurs [4, 6, 10, 12]. Prior

anatomic studies have demonstrated female distal femurs

not only are smaller, but have a different shape than male

femurs with a narrower ML diameter for any given AP

distance [6, 9, 12]. Theoretically, intraoperative sizing

problems may be encountered when a unisex device that

does not adequately match the female anatomy is used in

female patients. These sizing difficulties have been

reported to contribute to the occurrence of postoperative

clinical problems in prior studies. Specifically, if the ML

width of the female femur is too narrow to accommodate

the prosthesis of a given AP dimension, downsizing to a

smaller size may result in undesirable outcomes: overre-

section of the posterior femoral condyles by even 1 mm

has been previously associated with reduced postoperative

flexion [3]; increased femoral component flexion may lead

to cam-post impingement and polyethylene wear in a

posterior stabilized knee [5, 7]; and femoral notching has

been associated with increased risk of supracondylar

fracture [1, 8, 14]. Alternatively, use of the larger com-

ponent may require acceptance of ML femoral component

overhang that may create soft tissue irritation. We exam-

ined the use of a unisex device in male and female

patients to see if the sizing options resulted in higher rates

of undesirable radiographic findings in the female patients

as compared with the male patients and whether use of theT
a
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gender-specific components in female patients eliminated

the increased rates of undesirable radiographic results that

were hypothesized to occur in female patients with a

unisex device.

As a result of the retrospective and purely radiographic

study design, there are many limitations that should be

considered when interpreting the current data. Our findings

pertain only to a single implant system. At this time, the

gender bias favoring the unisex femoral components better

matching the male anatomy only pertains to the specific

design studied; this may simply represent an isolated

deficiency of this particular product. Additional studies of

the femoral components in other knee systems are needed

before this conclusion can be applied to other designs.

However, because the current system is the only one that

offers a gender-specific component, the clinical value of

identifying this potential failing in other systems is limited

because no current alternative exists. A second concern

regarding this study is the fact that all surgeries were

performed by only one surgeon. A systematic bias may

have produced the noted findings and the results may not

be applicable to other surgeons. However, the theoretical

argument remains that if the components do not adequately

match the native anatomy, one of the four detrimental

radiographic outcomes will likely result. Therefore,

although another surgeon may not have a higher rate of

medial or lateral component overhang in female patients

than in male patients, they likely would have a higher rate

of a different undesirable radiographic finding; further-

more, of the four possible outcomes, medial or lateral

overhang is probably the least likely to be associated with

potential clinical problems. Therefore, the findings in this

study may indeed represent a best case scenario. Another

limitation of the study is interpretation of radiographs is

dependent on the technical quality of the radiograph. This

potentially interfered with our ability to accurately perform

measurements. Attempts to minimize this factor included

standard protocols for the radiographs; furthermore, only

patients with perfectly positioned lateral views with over-

lapping condyles were included (Figs. 1, 2). Exclusion of

some patients based on inadequate radiographs may

therefore have introduced selection bias. However, this

technical error was likely random and it is unlikely patients

with one radiographic characteristic consistently had

radiographs in which poor technical quality was accepted

by the technician. Another major limitation of this study is

no clinical outcomes were correlated with the radiographic

findings. However, previous work has raised concerns

about the potential clinical effects of each radiographic

variable studied, except overhang, to support further efforts

to eliminate these radiographic outliers. Data in the liter-

ature to condemn overhang are lacking, but prominent

hardware is a clinically accepted cause of irritation after

orthopaedic surgery in general, and because there is no

theoretical advantage to overhang, this should probably be

avoided if possible at reasonable cost and presuming the

effects are clinically important. Moreover, although the

clinical effects of these radiographic findings may be small,

it is possible they contribute to the lower range of motion,

outcome scores, and postoperative satisfaction scores noted

in female patients when reviews of very large total knee

registries are performed [2, 13, 15]. This study, which was

only ever conceived as a radiographic study, will hopefully

serve as the basis for larger studies with adequate power to

identify any small clinical differences that may result.

Finally, no cost data were examined in this study. There-

fore, it is impossible to perform an economic analysis to

determine the financial impact of the new component

options. Again, financial analysis should be part of future

studies that attempt to correlate changes in clinical out-

comes with the use of the new prosthetic options to

determine the costs of any changes noted.

In a study of 200 consecutive knees (100 male and 100

female), Chin et al. [6] reported the mean AP to ML ratio

of the knee for the entire population to be 0.8 [6]. In

comparison, this mean ratio was 0.82 in the female knees

versus 0.79 in the male knees [6]. These general findings

are supported by the report from Hitt et al. [10], who

measured the intraoperative anatomy of the distal femur in

a cohort of 337 adult male and female patients and then

compared these measurements with the geometries of

modern total knee prostheses [10]. Although it was clear

the systems that were evaluated approximated the mean AP

to ML ratios of the entire population, the prosthesis did not

as accurately match the subpopulation of female patients

[10]. In support of these prior publications, we found that

although two of our four primary outcome measures were

similar between the male and female patients in whom a

unisex prosthesis had been implanted (degree of femoral

component flexion and rate of femoral notching), differ-

ences were identified that supported our primary hypothesis

that the unisex implants do not adequately match the

female anatomy. Medial or lateral overhang occurred more

frequently in the female patients. Furthermore, changes in

mean posterior condylar offset were also less in the female

compared to the male patients. It is interesting to note in

both male and female patients with a unisex prosthesis,

rather than identifying a reduction in mean posterior con-

dylar offset, a slight increase occurred in both groups. It is

possible this increase may reflect a failure of the preoper-

ative radiographic measurement to account for the residual

thickness of posterior cartilage that is included in the

resection thickness using the intraoperative cutting guide.

In distinction, on the postoperative radiograph, the entire

thickness of the metal component is easily measured.

Therefore, this slight increase may not represent a true
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increase in the posterior condylar offset. The fact that the

increase in posterior condylar offset was considerably less

in the female unisex group than in the male group (1.3 mm

versus 2.8 mm) may therefore also support the primary

hypothesis that the unisex implants in this system do not

adequately match native female anatomy. In prior work by

Bellemans et al. [3], even a 1-mm decrease in offset

reduced postoperative flexion by more than 5�. Therefore,

the potential for this radiographic finding of approximately

1.5 mm producing a potentially important clinical issue

remains open for further study.

In distinction to supporting the primary hypothesis that

unisex implants do not adequately match the native female

anatomy, the results of this study do not unequivocally

support the secondary hypothesis regarding the gender-

specific implants in females eliminating the increased rates

of undesirable radiographic findings noted in female

patients with a unisex implant. Specifically, because the

gender-specific femoral component is narrower in the ML

dimension for a given AP dimension, use of this implant

would have been expected to reduce the increased inci-

dence of medial or lateral overhang noted in female

patients with a unisex implant. We found the incidence of

medial or lateral overhang in the female knees with the

gender-specific component was 5% versus 17% in the

female unisex group but this difference was not significant

and therefore did not support the secondary hypothesis. In

distinction, in the female group with the gender-specific

components, the increase in mean posterior offset was

equal to that in the male group (2.5 mm versus 2.8 mm)

and it was greater than the female unisex group. This

provides some secondary evidence that the gender-specific

components better match the female femoral anatomy.

Based on these two contradictory findings in the gender-

specific group, the question remains whether the changes

made to the current gender-specific implant are extensive

enough to accurately match female femoral anatomy or

whether additional geometric modifications would provide

better radiographic results.

Our data support the primary hypothesis that unisex

femoral components in the NexGen1 Legacy1 Posterior

Stabilized system are gender-biased and do not accurately

match female anatomy. Use of these unisex components in

female patients results in the need for accepting a com-

promise that is radiographically evident in some patients;

in this study, the compromise was to accept some medial or

lateral overhang of the femoral component. In distinction,

we were unable to confirm use of the gender-specific

femoral component available in this system was associated

with better radiographic results. However, because each of

the potential compromises associated with use of a unisex

device has been associated with potentially negative

clinical effects, use of the gender-specific component that

does not have any apparent theoretical risks appears rea-

sonable when using this particular knee system in female

patients.
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