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Can prosthesis design of total knee arthroplasty affect balance?
Total diz artroplastisinin protez tasarımı dengeyi etkileyebilir mi?
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ABSTRACT

ÖZ

Objectives: In this study, we aimed to investigate whether

Amaç: Bu çalışmada total diz artroplastisinde arka çapraz

posterior cruciate ligament (PCL) retaining or substituting in
total knee arthroplasty affect the balance.
Patients and methods: Between March 2010 and April 2014,
a total of 41 patients who underwent total knee arthroplasty
in our clinic were included in the study. A PCL-substitution
prosthesis was used in 21 patients (group 1) and a PCL-retaining
prosthesis was used in 20 patients (group 2). Balance and fall
risk were evaluated using a balance assessment device. The
patients were examined by the Berg Functional Balance Scale.
Results: The mean follow-up was 25.6±9.7 months. There
was no statistically significant difference in static or dynamic
overall stability, mediolateral stability or fall risk between
the two types of prostheses. A significant difference in the
dynamic anteroposterior stability index scores was observed
between the groups.
Conclusion: Our study results show that PCL-substitution
prosthesis affects the balance positively in total knee
arthroplasty. Therefore, PCL-substitution prosthesis design
should be considered for patients who have risk factors for
balance disorder, in particular.

bağın (AÇB) kesilmesi ya da korunmasının dengeyi etkileyip
etkilemediği araştırıldı.
Hastalar ve yöntemler: Bu çalışmaya Mart 2010 - Nisan
2014 tarihleri arasında kliniğimizde total diz artroplastisi
uygulanan 41 hasta dahil edildi. Bunların 21’inde (grup 1)
AÇB kesen protez, 20’sinde (grup 2) ise AÇB koruyan protez
kullanıldı. Denge ve düşme riski, denge sistem cihazı
yardımıyla değerlendirildi. Hastalar Berg Fonksiyonel Denge
Ölçeği ile analiz edildi.
Bulgular: Ortalama takip süresi 25.6±9.7 ay idi. İki
tip protez arasında statik veya dinamik genel stabilite,
mediolateral stabilite veya düşme riski açısından
istatistiksel olarak anlamlı bir fark yoktu. Gruplar arasında
anteroposterior stabilite indeks skorları açısından anlamlı
bir fark bulundu.
Sonuç: Çalışma sonuçlarımız, total diz artroplastisinde
AÇB kesen protezin dengeyi olumlu yönde etkilediğini
göstermektedir. Bu nedenle, özellikle denge bozukluğu
risk faktörü taşıyan hastalarda, AÇB kesen protez tasarımı
kullanılmalıdır.
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Even in developed countries, falls hospitalize
approximately 6% of the elderly, and in half of the
cases, recurrent falls are observed.[1-4] Neurological,
musculoskeletal, and cardiovascular problems, and
previous surgical procedures increase the risks of
poor balance and falls in elderly, particularly.[5]
It is well-established that posterior cruciate
ligament (PCL)-retaining and PCL-substitution

prostheses are placed during total knee arthroplasty
(TKA) in elderly with advanced gonarthrosis.[6]
However, it remains unclear whether the implant
design affects the balance and fall risks. One of
the most controversial issues in TKA is whether to
substitute or retain the PCL and it has been suggested
that the choice is associated with risks of poor balance
and falls postoperatively. In the present study, we
aimed to investigate whether PCL-substitution or
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PCL-retaining prostheses affect the balance in TKA.
We evaluated such risks both in the laboratory and
clinical setting with balance assessment systems.
PATIENTS AND METHODS

This study was performed in balance laboratory
of our university and was approved by
institutional local ethics committee on 06.06. 2014
(approval no. 121). An informed consent was obtained
from each study participant. All tests were conducted
by a single research team. The researcher who
performed the balance analysis was blinded to the
prosthesis type placed. All tests were repeated three
times at least.
We used a Biodex Balance System (BBS; Biodex
Medical Systems Inc., Shirley, NY, USA) to functionally
evaluate the balance and fall risk. The BBS consists of
a movable balance platform affording up to 20° of
surface tilt over a 360° range of motion; the platform is
interfaced using a computer software (Upper Display
Module-Firmware version 1.09; Lower Control BoardFirmware version 1.03, Biodex Medical Systems) which
allows the device to objectively assess the postural
balance and fall risk. Assessment of postural stability
includes derivation of overall osteoarthritis, anteriorposterior (AP), and medial-lateral (ML) stability
indices. The results of fall risk tests yield an overall
fall risk index (FRI). Higher scores indicate poorer
balance and an increased fall risk.

Cerebellar disorders (n=7)

Parkinson (n=2) and delirium (n=1)

Spinal cord injury (n=1)
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Each subject stood on the BBS platform without
footwear with open eyes, the feet shoulder-width
apart over the midline of the board, looking straight
ahead. Foot positions were recorded and held constant
throughout test sessions.
The patients (n=231) who underwent TKA
operations between March 2010 and April 2014 were
screened. All patients were trained for approximately
one minute on the BBS to reduce the incidence of
learning effects. All patients underwent three trials
(20 s in each) of the postural stability (static level; thus
dynamic level 8-6) and fall risk (dynamic level 8-6)
tests with a 10 s rest between each session. The mean
scores were automatically calculated from the three
sets of test data and reports were prepared by the BBS.
It was identified whether poor balance and fall
risk were associated with conditions which preceded
or caused by a fall. As a result, the patients with
systemic diseases which might affect the balance and
fall risk, and those who were taking drugs to treat
such conditions were excluded (n=42) (Figure 1).
The remaining 122 patients were tried to reach by
phone. However, only 81 responded. Excluding those
who refused to participate (n=40), we finally enrolled
41 fully cooperative patients.
During balance evaluation to standardize testing,
41 participants were divided into two groups: a PCLsubstitution group (group 1, n=20) in which a single

(n=3)
Endocrine disorders
such as hypothyroidism

(n=3)
Psychiatric disorders
like depression

Epilepsy (n=1)
(n=3)
Dementia (n=1)

Benzodiazepine,
phenothiazine, narcotic
user

Neuropathy (n=5)

Cardiovascular (n=5)

Gastrointestinal bleeding (n=1)

Figure 1. Exclusion criteria.

Cases with revision TKA (n=20),
bilateral TKA (n=47),
excluded from remaining 189 cases.

Remaining
122 cases
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the mean BMI value of males was 33.8±4.1 kg/m2
(class 1 obese).

type of ligament-sacrificing mobile insert implant
was used, and a PCL-retaining group (group 2, n=21),
in which a single type of ligament-retaining fixed
insert implant was employed. All operations were
performed by a single surgeon.

The percentage of males in group 2 was 5%.
The mean ages of males and females were 68.4±6.4
and 61.0±00.0 years, respectively. The male and
female BMI values were 35.9±4.3 (class 2 obese)
and 47.5±0.0 (class 3 obese) kg/m 2, respectively. The
mean postoperative follow-up for both groups was
25.6±9.7 months. The mean follow-up for group 1
and group 2 were 26.2±11.3 and 24.9±8.1 months,
respectively.

Clinical evaluation and carried out analysis
Physical examination was performed. Demographic
data including age, sex, and body mass index (BMI)
were recorded.[7] The range of motion (ROM) of the
joints was assessed. A visual analog scale (VAS)
and the Western Ontario and McMaster Universities
Arthritis Index (WOMAC) were used to estimate pain
and functional disability, respectively. The balance
and fall risk assessments were conducted using the
Berg Functional Balance Scale (BFBS).

After initial physical examination, radiographs
were obtained and PCL-retaining and PCLsubstitution implants were evaluated. None of the
patients had pathological findings after an implant
insertion.

All subjects were evaluated in a balance laboratory
using the BBS to derive static and dynamic postural
overall stability indices (OSI), the anteroposterior
stability index (APSI), the mediolateral stability index
(MLSI), and the fall risk index (FRI).

In intergroup comparison, there was no significant
difference in either VAS or WOMAC scores, reflecting
clinical pain and disability, or on the BERG scale
measuring balance control and fall risk between the
study groups (Table I).

Statistical analysis was performed using SPSS for
Windows version 16.0 software (SPSS Inc., Chicago,
IL, USA). The data were expressed in mean ± standard
deviation. Prior to analysis, data were subdivided
into categorical and continuous data. Categorical data
were analyzed using a non-parametric independent
t test.

There was no significant difference in
experimental postural stability test results (the static
OSI, APSI, and MLSI) between the groups. The PCLsubstitution prosthesis (Biomed PCL-Substitution
Mobile Insert Prosthesis) of group 1 was superior in
terms of balance and postural stability on AP dynamic
testing, indicating a significant difference between
the groups. The FRI scores were slightly better in the
PCL-substitution group; however, the difference did
not reach statistical significance (Table II).

As the sample size was small, the median values
were compared using the non-parametric MannWhitney U test and the Wilcoxon signed-rank test.
A p value of <0.05 was considered statistically
significant.

DISCUSSION

Balance problems which impair walking are
critical risk factors for falling.[8] Visual, vestibular,
and proprioceptive systems, muscle strength, and
joint flexibility mechanisms are impaired in 13% of
individuals aged 65-69 years.[9] Similarly, in our study,
all patients were aged between 54 and 83 years.

RESULTS

The percentage of females in group 1 was 80.95%.
The mean ages of females and males were 72.0±7.7
and 65.3±6.7 years, respectively. The mean BMI value
of females was 34.1±5.0 kg/m 2 (class 2 obese), while

Table I
Comparisons of clinical outcomes between two groups
Group 1

Visual analog scale
WOMAC
Range of motion
Berg Functional Balance Scale

Group 2

Female

Male

Female

Male

Mean±SD

Mean±SD

Mean±SD

Mean±SD

p*

1.61±1.69
62.78±5.57
127±7.67
45.06±7.23

2.00±2.65
69.33±6.11
126.7±11.55
48.67±7.09

2.47±2.65
63.32±4.62
121.00±9.55
46.79±6.87

1.0±0.0
66.00±0.00
110.00±0.00
50.00±0.00

0.11
0.84
0.71
0.91

SD: Standard deviation; * p<0.05; WOMAC: Western Ontario and McMaster Universities Arthritis Index.
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Table II
Evaluation of Biodex balance system data regarding the balance and fall risk
Mean rank

Groups

Group 1 (n=20)
Group 2 (n=21)

OSI-static

OSI-6

OSI-8

APSI-6

APSI-8

MLSI-6

MLSI-8

FRI-6

FRI-8

19.70
22.24

17.30
23.70

17.20
23.80

16.62
24.38

16.15
24.85

20.23
20.65

20.35
21.71

19.30
21.70

18.82
22.18

405.00
413.00
197
0.947

407.00
456.00
192
0.841

386.00
434.00
176
0.529

376.50
443.50
198
0.369

Sum of ranks
Group 1
Group 2
U
p*

394.00
467.00
184
0.496

346.00
474.00
136
0.086

344.00
476.00
134
0.076

332.5
487.50
122.5
0.035

323.00
487.50
113
0.018

OSI: Overall stability indices; APSI: Anteroposterior stability index; MLSI: Mediolateral stability index; FRI: Fall risk index.

In addition, balance and functional mobility are
suggested to be closely related.[10] With advancing
age, visual problems, hearing loss, vertigo, the
need for supporting devices, comorbidities and
polypharmacy may cause balance problems.[11] Prior
surgery and the implants used also may increase
the risk of falling. Since laboratory methods are not
appropriate for the population-based screening of
balance, clinical evaluation is required.[12] Moreover,
the osteoarthritis index is one of the best indicators
of balance. More importantly, some authors have
suggested that certain diseases and systemic
conditions are associated with an increased risk of
falls.[13-15]
In the present study, we evaluated balance and
fall risk among patients with osteoarthritis, which
is a complex condition mechanically, biologically,
biomechanically, not only in the laboratory, but also
through clinical testing.[16-18] We excluded patients
with conditions which negatively affected balance.
Adam et al.[6] compared various PCL-substitution
implants in terms of the American Knee Society scores
over 24 months. Kim et al.[19] presented 68 monthfollow-up data. In the present study, we compared
balance and fall risks for 25.6±9.7 months.
Furthermore, PCL delivers 85-100% of the force,
thereby, preventing posterior tibial translation.[20] As
in our study population who underwent TKA, we
evaluated the BBS in the coronal plane, supported
by medial and lateral collateral ligaments. We also
analyzed BBS in the sagittal plane, supported by the
anterior cruciate ligament and the PCL. We found
no significant differences in MLSI static or dynamic
values between the groups. However, the PCLsubstitution group had improved balance, reflected
by the APSI dynamic scores in the sagittal plane
(APSI-6: U=122.5, p=0.035; APSI-8: U=113, p=0.018).

We believe that the significant differences
between PCL-retaining and PCL-substitution
prostheses indicate an importance, as although
balance was significantly affected in the sagittal
plane, but not in the coronal plane. Thus, how
much of the PCL is preserved upon use of a PCLretaining prosthesis? Sessa et al.[21] showed that the
PCL was injured during the tibial cut. Feyen et al.[22]
found similar results in a cadaver study. Some in
vivo fluoroscopic explorations have shown that the
reduction in femoral rollback is higher when a PCLretaining prosthesis, rather than a PCL-substitution
prosthesis, is placed.[23] Both the femoral and tibial
components of a PCL-substitution prosthesis seek
to replace the PCL. However, in a PCL-retaining
prosthesis, both femoral rollback and coronal
stability are afforded by the PCL per se.
Furthermore, the APSI-6 and APSI-8 dynamic tests
showed that patients with PCL-retaining prostheses
were at an increased risk for falling.
There is a limitation to our study. Although we
excluded patients with risk factors for falls and
poor balance, we were unable to exclude those
with a high BMI value, which may negatively affect
postural dynamic balance. The mean BMI values
of both males and females were 41.7±4.1 kg/m 2.
Therefore, it is not clear whether the imbalance
was caused by a high BMI value or a feature of the
prosthesis. In addition, we were unable to present
in vivo or in vitro animal data.
In addition, there is no data on preoperative
balance and fall risk Although it seems a limitation,
factors which affect the balance and fall risk were
regarded as exclusion criteria. Therefore, these
patients were excluded and remaining patients were
considered eligible preoperatively for the balance
and fall risk.
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Conclusion
We concluded that PCL substitution prosthesis
design should be considered in the operations of the
patients who have risk factors for balance disorder
and an increased fall risk, such as visual impairment,
dementia, epilepsy, cerebellar disorders. Therefore, we
can reduce possible risk factors for balance disorder
and fall risk.
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