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Abstract
Little evidences are available in the literature concerning the outcomes of total knee replacement (TKR) in poliomyelitis 
patients with severe knee deformities or degeneration. Encouraging results have been reported concerning the use of con-
strained implants, i.e., rotating hinge knee prosthesis (RHK), compared to less constrained ones. The purpose of this paper 
is to report our experience with rotating hinge total knee replacement, using only RHK prosthesis, to determine functional 
results, complications, and survival of TKR in poliomyelitis patients. We performed a retrospective chart review of 14 
patients with a history of knee osteoarthritis following poliomyelitis that underwent primary TKR, for a total of 15 surgical 
procedure (one bilateral case). Preoperative and postoperative clinical measurements have been conducted for all patients 
using the Knee Society Score (KSS). Hip-knee angle, recurvatum knee angle, and Insall-Salvati index were evaluated with 
full weight-bearing panoramic view X-ray preoperatively and postoperatively. The 2-year postoperative clinical KSS sig-
nificantly improved from the preoperative scores. The average clinical KSS improved from 32,9 (range 3–48) preoperatively 
to 77,4 (range 60–88) postoperatively (P value < 0.005). The average functional KSS improved from 32,5 (range 10–60) 
preoperatively to 59,4 (range 30–95) postoperatively (P value < 0.005). TKR is a successful treatment in improving knee 
function and patient’s quality of life. Using constrained implants, especially rotating hinge implants in polio patients with a 
quadriceps muscle weakness, could be a good alternative to maintain a physiological kinematics and reducing the revision 
rate due to knee instability.
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Introduction

Poliomyelitis is an infection caused by poliovirus, a member 
of the genus Enterovirus, belonging to the family of Picorna-
viridae [3]. Vertebrates, including humans, serve as natural 

hosts. Usually, the virus reaches the central nervous system 
(CNS) through the bloodstream. Here, it can cause extensive 
damage to the anterior horn cells of the spinal cord, causing 
limb paralysis. The virus may also spread to the posterior 
horn cells, motoneuron of the thalamus, and hypothalamus. 
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In the case of brain stem involvement, also known as bulbar 
poliomyelitis, the symptoms are extremely severe and death 
from respiratory paralysis due to involvement of the respira-
tory muscles can occur.

The paralysis caused by the virus is flaccid, muscles are 
hypotonic, and even only a single muscle can be involved, 
due to the involvement of the motor unit at the level of the 
anterior horn of the spinal cord [11].

The typical clinical presentations in case of neurologi-
cal involvement are two. The first one, post-polio syndrome 
(PPS), happens long after exposure to the virus. The second 
one, called acute anterior poliomyelitis (AAP), is more fre-
quent when contracting the disease during adult life. Never-
theless, less than 1% of patients develop muscle paralysis, 
which affects more frequently the lower limbs.

In the literature, few studies have been designed to evalu-
ate outcomes of total knee replacement (TKR) in patients 
with limbs affected by poliomyelitis [6, 10, 12, 13, 18]. In 
general, this procedure has been shown to promote excellent 
results in terms of pain reduction, functionality, and qual-
ity of life improvement. On the other hand, there are many 
concerns regarding the recurrence rate of knee instability, in 
particular regarding the hyperextension mechanism [12, 13] 
which is common among post-polio patients, and the rate of 
revision which is close to 7% and occurs on average after 
6.2 years [15]. Overall outcomes are probably secondary to 
preoperative deformities, soft tissue laxity, and quadriceps 
deficiency; these are all factors to be taken into considera-
tion before surgery.

The purpose of this paper is to report our experience with 
rotating hinge total knee replacement, using only RHK pros-
thesis, to determine functional results, complications, and 
survival of TKR in poliomyelitis patients.

Materials and methods

We identified patients with a history of knee osteoarthritis in 
a polio-affected limb. All of them underwent TKR between 
October 2010 and May 2019 in a large tertiary referral 
center with great experience in complex arthroplasty. This 
retrospective study was approved by our institutional review 
board (protocol n° 0013141), and all the subjects have given 
their written informed consent to publish their clinical infor-
mation and radiologic examinations.

A preoperative and postoperative clinical evaluation of 
each patient was performed using the clinical and functional 
Knee Society Score (KSS) [9]. An excellent outcome is 
defined when over 85, good between 70 and 84, fair between 
60 and 69, and poor below 60. Using the Medical Research 
Council (MRC) scale, we were able to evaluate quadriceps 
strength and function in all patients.

The standard X-ray evaluation consisted of a full weight-
bearing panoramic view, a latero-lateral, and an anteropos-
terior view. These allow an evaluation of the hip-knee angle 
(HKA) and recurvatum knee angle and eventual intra-artic-
ular knee deformities. Finally, we evaluated patellar height 
using the modified Insall-Salvati index [7].

In our department, the administration of the KSS ques-
tionnaire X-ray examinations is part of a standardized pre-
operative workup for all patients who will undergo a TKR. 
These evaluations are performed at 1 month of follow-up, 
3 months, 6 months, 1 year, 2 years, and at the last follow-
up. According to the Knee Society radiographic evaluation 
and scoring method system [4], any sign of aseptic loosening 
or radiolucency was reported. Additionally in this series, 
we performed a pre-operative CT scan of the knee to bet-
ter determine the size of the tibial plateau and the diameter 
of tibial and femoral canals, since one of the most com-
mon polio-related deformities is a very narrow diaphyseal 
canal [6, 13]. We chose a rotating hinge implant for all 
patients, because it provides more knee stability, reducing 
the rate of instability and the rate of revision procedures 
[18]. Nine Smith + Nephew™ RT rotating hinge (Trademark 
of Smith + Nephew™) and six Endomodel Link™ rotating 
hinge (Trademark of Waldemar Link GmbH & Co™) were 
implanted in this series. According to the indications pro-
vided by the manufacturing company, the Smith + Nephew 
RT have been implanted in patients with larger tibial plateau; 
instead, the Endomodel Link were implanted in patients 
with a smaller tibial plateau. In fact, the smallest size of 
the Smith + Nephew RT tibial plateau has a medial–lateral 
length of 60 mm, which could not be adapted to the small 
tibial plateau and is way larger than the smallest tibial pla-
teau of Endomodel link. These implants were chosen due to 
their high degree of adaptability and the surgeon’s familiar-
ity with the instrument set. All surgical procedures were 
performed by the same surgeon, an arthroplasty fellowship-
trained individual.

All patients were positioned lying supine and the knee in 
a stable 90° flexion. The standard anteromedial parapatellar 
approach was used in all patients. A collateral ligaments 
release was performed during all procedures; this allows to 
achieve fewer stress forces on the rotating hinge mechanism 
of the implants, to facilitate patellar eversion and obtain a 
smooth tracking over the center of the knee intraoperatively 
[20]. Any bone gap was managed with the use of femoral 
or tibial wedges. In every case, we used cemented implants, 
allowing for great primary stability, which is very impor-
tant, especially in patients with neurological deficiencies. 
Figures 1, 2, and 3 illustrate three cases of our population.  
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Statistical analysis

The Shapiro–Wilk test was used to verify normal distribu-
tion of the clinical and functional KSS. Statistical analysis 
was performed through the T-Test for dependent variables 
by comparing preoperative clinical and functional KSS with 
postoperative clinical and functional KSS. Statistical sig-
nificance was defined by a p-value < 0.005. Data analysis 
was performed using the R software (© The R Foundation. 
Released 1993).

Results

During the study period, we selected a total of 14 patients, in 
which 15 surgical procedures were performed (one bilateral 
case). An average follow-up of 3,1 years (range 2–10 years) 
was conducted. Our cohort presented a female prevalence 
(F/M 11:4), with an average age at the time of surgery of 
63,9 years (range 41–84). The preoperative data are sum-
marized in Table 1.

Concerning clinical results, we chose to evaluate the 
outcomes at 2 years of follow up, since only 2-year results 
were reported in all patients. The postoperative clinical KSS 

Fig. 1  Case T.C., 84-year-old female; A The preoperative full weight-
bearing X-ray shows left knee arthritis, more severe on the lateral 
side, with a severe valgus deformity. B Two projection knee X-ray 

shows the postoperative RX evaluation of the hinged implant. C The 
1-year postoperative X-ray shows a good correction of the initial 
deformity 

Fig. 2  Case B.L., 77-year-old female; A The preoperative full weight-
bearing X-ray shows right knee osteoarthritis with a femoral diaphy-
sis deformity. B 1-year postoperative anteroposterior right knee X-ray 
shows the good positioning of the implant. During the reaming of the 
tibial diaphyseal canal, very narrow, an incomplete tibial shaft frac-
ture was reported and synthesized with two mono-cortical screws
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was in most cases excellent or good, significantly improving 
from the preoperative scores.

The average clinical score improved from 32,9 (range 
3–48) preoperatively to 77,4 (range 60–88) postoperatively 
at 2-year follow-up (P value < 0.005). The average function 
score improved from 32,5 (range 10–60) preoperatively to 
59,4 (range 30–95) postoperatively at 2-year follow-up (P 
value < 0.005).

According to the T-test for dependent variables, there was 
a statistical difference between the preoperative and 2-year 
follow-up measurements on clinical scores. According to the 
MRC scale, every patient had a reduced quadriceps strength. 
An excellent stability was achieved in all patients except two 
who presented mechanic failure that required the revision 
of the polyethylene insert and the bush one year after the 
first procedure and another one who reported the recurrence 

Fig. 3  Case N.G.E. 66-year-old female; A The preoperative full 
weight-bearing X-ray shows a radiographic aspect of left knee osteo-
arthritis marked on the medial side. B–C 1-month postoperative left 
knee anteroposterior and latero-lateral X-ray showing the good posi-
tioning of the implant. D 1-year postoperative left knee anteroposte-

rior X-ray showing the recurrence of hyperextension. E 1-year post-
operative full weight-bearing X-ray shows the postoperative left knee 
valgus deformity. F Postoperative anteroposterior and latero-lateral 
left knee X-ray shows the final result after the substitution of the bush 
and the polyethylene insert
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of knee recurvatum one year after surgery. Only this knee 
needed the use of brace.

One patient had an intraoperative tibial shaft fracture, 
who required fixation with two cortical screws and no-
weight-bearing on the right knee for six weeks. At last fol-
low-up, X-ray showed complete bone healing. No patient 
developed arthrofibrosis after TKR, and no progressive 
radiolucent lines were reported in our series. Table 2 and 

Fig. 4 summarize all the findings and compare preoperative 
and 2-year follow-up measures (Table 3).   

Discussion

According to our study, total knee replacement represents 
a successful treatment with improvement of knee function 
and patient’s quality of life. Polio patients tend to develop 

Table 1  Preoperative data concerning KSS, quadriceps functionality, and radiographic parameters

Patient Age Sex Clinical KSS Functional 
KSS

MRC scale HKA angle Recurvatum 
knee angle

Patellar ratio Follow-up

1 55 F 33 42 2\5 10° valgus 0° 0,6 10 yrs
2 63 F 47 20 1\5 5° varus 23° 0,52 3 yrs
3 68 F 32 33 1\5 15° valgus 12° 0,61 3 yrs
4 63 M 42 15 1\5 6° valgus 22° 0,72 3 yrs
5 73 F 48 25 1\5 6° valgus 15° 0,6 2 yr
6 84 F 10 25 1\5 22° valgus – 0,87 5 yr
7 84 F 36 40 2\5 7° varus 10° 0,78 4 yr
8 41 M 3 10 0\5 22° valgus 20° 0,64 2 yrs
9 62 F 28 60 4\5 3° valgus – 0,52 2 yrs
10 56 F 24 10 0/5 24° valgus 20° 0,85 2 yr
11 73 F 28 25 1\5 3° varus 10° 0,72 2 yrs
12 44 M 36 43 2\5 12° valgus 12° 0,75 2 yrs
13 51 M 42 45 3\5 20° valgus – 0,93 3 yrs
14 63 F 39 45 3\5 8° valgus – 0,62 2 yrs
15 79 F 46 50 3\5 9° varus – 0,59 2 yrs

Table 2  2-year follow-up clinical and radiographic data

Patient Age Implant type Clinical KSS Func-
tional 
KSS

H–K-A angle Recurvatum 
knee angle

Patellar ratio Complications

1 55 RT rotating hinge S&N 78 75 4° valgus – 0,8 –
2 63 Endomodel Link rotating hinge 88 45 3° varus 7° 0,7 Mechanic failure
3 68 RT rotating hinge S&N 80 55 3° valgus 3° 0,76 –
4 63 RT rotating hinge S&N 83 40 2° valgus 9° 0,88 Recurrence of 

knee recurva-
tum

5 73 RT rotating hinge S&N 90 45 2° valgus 4° 0,89 –
6 84 RT rotating hinge S&N (Left side) 75 50 4° valgus – 0,84 –
7 84 RT rotating hinge S&N (Right side) 80 65 3° varus 5° 0,94 –
8 41 Endomodel Link rotating hinge 69 70 5° valgus 8° 0,76 –
9 62 Endomodel Link rotating hinge 76 95 3° valgus – 0,87 –
10 56 Endomodel Link rotating hinge 60 30 2° valgus 6° 0,89 –
11 73 RT rotating hinge S&N 70 50 3° varus 3° 0,85 –
12 44 Endomodel Link rotating hinge 75 75 4° valgus 4° 0,80 –
13 51 RT rotating hinge S&N 83 65 2° valgus – 0,87 –
14 63 RT rotating hinge S&N 83 62 3° valgus – 0,78 –
15 79 Endomodel Link rotating hinge 71 70 3° varus – 0,75 –



 MUSCULOSKELETAL SURGERY

1 3

abnormal alignment of the lower limb and muscle hypoto-
nia, especially of the quadriceps muscle, with an associated 
ligamentous laxity that predisposes to knee pathologies at a 
young age [15]. The most common clinical features found 
in polio patients are [13]: angular deformities of the meta-
physis, tibial external rotation, excessive valgus, bone loss, 
narrow femoral and tibial canal, reduced power of the femo-
ral quadriceps muscle, ligamentous laxity, and finally genu 
recurvatum or hyperextension.

Clearly, this biomechanical situation leads to problems 
such as osteoarthritis, pain, arthrosis, ligamentous laxity, 
and painful extension that can be corrected at first with oste-
otomies and soft tissue releases, but almost inevitably will 
require total prosthetic replacement of the affected knee [15].

For these reasons, total knee replacement in these patients 
represents a challenging procedure. When approaching knee 
osteoarthritis in a polio patient, it is important to note that 
the patient tries to keep his knees fully extended during the 

loading phase of the gait [18]. In fact, the quadriceps deficit 
is balanced by bringing the gravity line in front of the knee 
joint axis, therefore using the patient’s own weight and the 
knee posterior capsule as a sort of locking mechanism. This 
biomechanical condition can be achieved through two com-
pensation mechanisms [5, 16, 21]. The first mechanism is 
rarely present in the polio population and consists of leaning 
the pelvis and the trunk forward. This occurs in the pres-
ence of a flexion contracture of the knee due to paralysis of 
the quadriceps combined with retraction of the hamstring’s 
muscles. For this compensation to be effective, the func-
tion of the pelvic-trochanteric muscles (i.e., the piriformis, 
the internal and the external obturator) and the foot joints 
must be preserved to allow good contact of the foot with 
the ground [18]. Another mechanism is to block the knee in 
hyperextension, or genu recurvatum, or an exaggeration of 
the passive standing position. Hyperextension is a mecha-
nism on which polio patient commonly rely for stability 
and walking. Correcting this deformity during the surgical 
procedure, can have a negative impact on the patient’s gait. 
However, and excessive postoperative knee hyperextension 
increases the rate of recurrence of knee instability [12, 13].

Few studies have been dedicated to total knee replace-
ment in polio patients, with encouraging functional out-
come. Patterson et al. [13] described a good pain relief and 
stability achievement in 9 polio patients who underwent 
TKR. However, there was a 25% of recurrence of recurva-
tum knee, which was uncommon with constrained implants 
compared with other less constrained [13]. Giori et al. [6] 
also reported a good improvement of KSS and pain relief in 
patients with poliomyelitis with a greater that antigravitary 
quadriceps strength. In those with more severely affected 
knees, recurrent instability was common. Thus, in current 
practice, Giori et al. [6] suggested using highly constrained 
implants in patients with less than antigravitary or absent 
quadriceps strength.

Tigani et al. [18] reported encouraging results concern-
ing the use of a customized rotating hinge implant design 
with about 5° of hyperextension built in. In fact, the authors 
observed excellent articular stability in all patients except 
one, during a follow-up ranging from 2 years to 8.5. There 
is still a debate about the use of constrained implants in 
polio patients. In more severely affected patients with poor 
muscle power, providing a more intrinsic stability is useful 
to avoid the recurrence of hyperextension. Nevertheless, a 
more intrinsic stability also increases the stress transfer to 
the fixation interface and subsequently increases the risk of 
loosening. The first generation of rotating hinge was unsuc-
cessful for this reason [1, 19].

The modern rotating hinge prostheses we used mimic a 
more physiological kinematics, giving a better distribution 

Fig. 4  Clinical scores boxplot shows how the values improve and dis-
tribute in our population

Table 3  Mean preoperative and 2-year follow-up scores

Preoperative 
average

2-year follow-up 
average

p-Value

Clinical KSS 32,9 77,4  < 0.001
Functional KSS 32,5 59,4  < 0.001
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of shearing forces [18]. In fact, long-term results of these 
prostheses are encouraging. The survivorship rate reported 
in the literature swings from 75.8% to 96.1% at 15 years of 
follow-up [2, 14] in primary TKR setting, and from 65.1% 
to 95% in revision surgery [8, 17].

We recognize that our study has limitations. First, the 
limited cohort even if that nowadays patients with polio-
myelitis affected limbs are exceedingly rare. Moreover, this 
pathology affected multiple joints in some of our patients, 
restricting their mobility and quality of life. That is why it 
is difficult to give a meaning to our findings. On the other 
hand, we obtained a significative improvement of clinical 
scores and of quality of life, with a very low rate of com-
plications, using rotating hinge implants for all patients. In 
addition, good clinical and functional results were obtained 
in two patients with 0/5 MRC scale quadriceps strength 
value. These are cases that contradict the current practice 
reported by Giori et al. [6] where, however, various types 
of prostheses were used instead of a rotating hinge implants 
for all patients.

Conclusion

According to our study report, total knee replacement in 
polio patients is a successful treatment in improving knee 
function and patient’s quality of life; however, the revision 
rate is high. Using a more constrained implant, especially 
a rotating hinge implant in those patients with a quadriceps 
muscle weakness, could be a good alternative to maintain a 
physiological kinematics and reducing the revision rate due 
to knee instability. Due to severe abnormalities following 
polio, we suggest to perform this procedure only in dedi-
cated center with high volume of complex TKR.
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