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ABSTRACT

Background: High flexion implants have been reported to provide better range of motion (ROM). The few studies analyzing the
factors affecting the ROM are scarce. This study aims to find the factors that affect ROM when using a high flex knee design
(INDUS knee).

Materials and Methods: Two hundred and fifty three consecutive patients of total knee arthroplasty (TKA) done by using INDUS
knee prosthesis between Sept 2008 and Sept 2009 were included in the study. The cases with osteoarthritis (OA) and Rheumatoid
arthritis (RA) were included in study. 5 patients were lost to followup and 248 patients (267 knees, 19 bilateral, 221 OA, and 46
RA) were analyzed for the following factors — sex, age, body mass index (BMI), preoperative ROM, flexion deformity, preoperative
total knee score and functional score, time of tourniquet release and patella resurfacing. Subgroup classification using above
factors was performed and statistical analysis of effect of all the above factors on final knee ROM was done. Assessment was done
preoperatively and at 3 months, 6 months and 1 year postoperatively. The final outcome evaluation was done at one year followup.
Results: The mean age was 68.2 years (range 40-89 years) with 79 males and 189 females. The mean knee range improved
from 97.62 + 11° to 132 £ 8°. Factors that positively affect ROM of INDUS knee prosthesis at the end of 1 year were preoperative
ROM, total knee score and functional score, and diagnosis of osteoarthritis, whereas BMI, preoperative flexion deformity has a
negative influence on final flexion at the end of 1 year. Age and gender of the patients, patella resurfacing, and use of two different
tourniquet protocols did not affect the final outcome.

Conclusion: Preoperative ROM and preoperative functional status are the most important factors affecting final range. Patients
should be counseled accordingly and made to understand these factors.
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deep flexion and may be better in certain situations like
preoperative knee stiffness.!*?° Yet the field of high flexion
knee prosthesis is still expanding and more studies are
needed. Recently, early results of indigenously developed
INDUS knee prosthesis were published with good short term
results and improved range of knee motion.??2 However,
both these studies were performed on heterogeneous group
of patients and no subgroup analysis was made on the
factors affecting the outcome. The aim of this study is to
investigate the factors that affect the final ROM achieved
following TKA using high flex knee prosthesis and to
compare the effect of each factor on early ROM at different
time intervals postoperatively.

MATERIALS AND METHODS

An observational study of all the knees, operated with
INDUS knee prosthesis in our Institute between Sept
2008 and Sept 2009 was set up. Inclusion criteria were
any primary osteoarthritis or rheumatoid arthritis of knee
operated with TKA with the chosen prosthesis. Patients
with complex knees with ROM less than 50°, severe varus
or valgus deformity >20°, or bone defect requiring bone
grafting were excluded. This was done to minimize the
effect of these factors on the ROM and get a relatively
homogeneous cohort. 398 patients (435 knees: 37 bilateral)
were screened. A total number of 35 patients (42 knees;
7 bilateral) did not consent for study while 43 patients
(51 knees; 8 bilateral) were excluded as they stayed at far
away places and regular followup was not feasible. A total
number of 67 patients (67 knees) were excluded according
to exclusion criteria. Thus, 253 patients (275 knees; 22
bilateral) met the inclusion criteria. One patient suffered
from peri-prosthetic fractures during the first 3 months and
was subsequently excluded from the study. Two patients
(bilateral) developed instability of the knee following a fall
but were included in study. Four patients (one bilateral, n=5
knees) were lost to followup. Thus, a total of 248 patients
(267 knees; 19 bilateral) were available for final analysis.

All patients underwent TKA using standard median
parapatellar approach. A uniform postoperative
rehabilitation protocol was employed for every patient.
Knee ROM of all patients was evaluated using a standard
goniometer.?® Calculation of knee ROM, flexion deformity,
and functional score was done by a group of trained outcome
assessors who were blinded to the implant used and aim of
the study. Knee ROM was assessed preoperatively and at 3
months, 6 months and 1 year postoperatively.

Subgroup analysis was performed dividing the cohort
based on following factors: Gender (males/females),
preoperative diagnosis (OA/RA), patella Replacement
(yes/no), tourniquet release (before or after Closure).

Other factors like age, body mass index, preoperative
ROM, preoperative flexion deformity, preoperative total
Knee score, preoperative total functional score,?* were
statistically correlated with the final ROM attained. Gain
in ROM from base line was also assessed in various
subgroups.

Statistical methods

Paired t-test was used for statistical testing of the
difference in mean values in comparing preoperative to
postoperative improvement, and a significant difference
was found with a risk less than 1%, i.e., P <0.01.Unpaired
t-test was used for subgroup analysis with significant
P value <0.01. For analysis of the correlation of the two
variants, Pearson correlation coefficient was calculated.
With a risk of less than 1%, they were judged as weakly
correlated. When the absolute value of the coefficient
of correlation was 0.1 or greater, moderately correlated
when it was 0.4 or greater, and strongly correlated when
it was 0.7 or greater. For analysis of multiple variants,
ANOVA test was used.

ResuLTs

The mean age was 68.2 years (range 40-89 years) at the
time of the surgery. A total of 79 were men and 189 were
women. The surgery was performed on 151 right knees
and 116 left knees, including 19 patients in whom bilateral
surgery was performed. The implant used was posterior
stabilized, high flex INDUS knee design. All surgeries were
performed through a medial parapatellar approach. All
components were cemented. Patella was replaced in 41
patients and patelloplasty done in 227. Cases with relatively
good patella cartilage and no grade IV eburnation a
patelloplasty was done while in cases with severe cartilage
lesion, the patella was replaced. Tourniquet was used in 263
of the 267 knees. Tourniquet was released before closure
in 198 patients and after closure in 65 patients based on
the surgeons’ preference.

Preoperative diagnosis was osteoarthritis (OA) in 221
subjects (82.8%), rheumatoid arthritis (RA) in 47 subjects
(17.2%). Preoperatively the mean ROM was 97.62 + 11°
(range 60 to 110°). This improved postoperatively to 132 +
8° (range 96-140) [Figures 1 and 2]. A total of 71 knees had
ROM >130°, 150 knees had ROM between 120° and 130°,
34 knees had ROM between 100° and 120° and only 12
kneeshad <100°. A total of 205 out of 248 patients (76.6%)
patients retained their ability to sit cross legged at final
followup. The knee score improved from preoperative 39.4
to postoperative 87.7 while the function score improved from
preoperative 46.7 to 89.7. Statistical analysis of ROM, knee
score, and function score showed significant improvement
postoperatively (P < 0.001 for paired t test).
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Figure 1: (a) Preoperative radiograph of 63-year-old female with primary osteoarthritis of the knee, (b) One year post surgery radiograph of the
knee with INDUS knee prosthesis, (c) Clinical picture showing knee ROM at 1 year followup

Figure 2: (a) Preoperative radiograph of 71 year old male showing OA changes, (b) Postoperative radiograph showing one year post knee
replacement using INDUS knee prosthesis with, (c) Clinical picture showing good knee range of motion

Subgroup analysis

Preoperatively, no significant difference in ROM was
noted between the two genders (97.08 + 23.10° in male
patients and 97.12 + 22.37° in female patients; P =
0.989). The average ROM at 3 months after surgery was
112.44 £ 21.24° in males and 108.66 + 19.37° in females
(P =0.175). Even though males showed a larger gain in
ROM at 6 months (127.39 + 15.6° in males and 124.17 +
17.11° in females; P=0.137) and 1 year (132.76 £ 15.09°
in males and 131.76 + 18.48° in female patients; P=0.071)
after surgery this was not statistically significant.

No correlation between age and postoperative ROM of the
knee was found. Significant difference in gain in ROM was
found in younger age groups at 3 months but this was not
observed at 6 month and 1 year period [Table 1].

Body mass index had a weak negative correlation with ROM
at 6 months and 1 year after surgery (r=—0.137, P=0.02
and r=—0.137, and P=0.02, respectively). However, there

was no correlation between BMI and ROM at 3 months
(r=—0.115, P=0.56). This shows that obese patients did
not gain much ROM after the initial gain.

There was significant difference in the ROM before surgery
in OA and RA group. Preoperatively, the ROM were 99.98
+ 11.34° in OA and 83.88 £ 21° in RA (P < 0.0001).
Postoperatively ROM was 120.07° in OA and 117.46° in RA
at 3 months after surgery, 125.56° in OA and 123.04° in RA
at 6 months, and 135.91 + 14.2° in OA and 123.98 +11.2°
in RA at 1 year after surgery, respectively. At each followup,
the ROM was greater in the OA group postoperatively but
this was significant only at the end of 12 Months (P < 0.01
at 1 year). However, RA group had higher gain in flexion
angle from the baseline.

The preoperative TKS and FS were found to have significant
influence on both pre and postoperative ROM. There
was weak negative correlation between TKS at all time
intervals and FS at 6 months and gain in ROM from the
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preoperative value [Table 2]. Knee score had weak positive
correlation with ROM at the end of 1 year. Functional
score too correlated positively but this was not statistically
significant [Table 2].

The preoperative ROM had a moderately positive
correlation with ROM at 6 months (r=0.41, P =<0.0001)
and was weakly positive at the end of 1 year (r = 0.38,
P =<0.0001) after surgery.

When considering the gain in ROM, preoperative ROM
had moderately negative correlation at 3 months and
1 year but had strong negative correlation at 6 months
(r = —0.631, P = <0.0001 at 3 months, r = —0.71,
P =<0.0001 at 6 months and r= —0.69, P=<0.0001 at 1
year). The preoperative flexion deformity (extension angle)
had an opposite effect. It had a weak negative correlation
with final flexion angle r = —0.263, —0.278, —0.300 at 3,
6, and 12 months, respectively (P < 0.0001) but positive
correlation with gain in ROM from baseline values.

There was no difference in preoperative knee flexion when
comparing the groups where patella was replaced and
the ones where patelloplasty was done. Postoperatively
the group in which patella was replaced showed a higher
gain in ROM though this was not statistically significant.
(P=0.42,0.39, and 0.48 respectively at 3, 6, and 12 months).

The group where tourniquet was released after closure
had increased tourniquet time by an average of 15 + 7.8
min. There was a significant gain in ROM in this group at
3 months (P = 0.009) but this was not seen at the end of
6 months and 1 year. (P =0.10, 0.12, respectively). Thus,
when tourniquet was released earlier, the gain in ROM was
quicker; however, no long term difference between the two
groups was noted.

DiscussioN

Studies have compared various preoperative and
postoperative parameters between high flexion and
standard implant.?>% Factors affecting ROM in an high
flexion implant may be different than standard implant.
We studied the high flexion Indus knee implant with respect
to factors affecting the final ROM and also the functional
satisfaction of the patients.

Two prospective series have been published on the INDUS
knee prosthesis. First a multicentric trial of 276 patients
performed at six centers across India.?! This cohort was
followed prospectively for 2 years and was analyzed to clinical
and functional outcome. Of the 276 patients (297 knees),
79 knees had flexion above 140°, 167 had a flexion range

Table 1: Correlation between age and range of motion

Postoperative period Final ROM Gain in ROM
3 Months R=-0.08 R=-0.12
6 Months R=-0.06 R=-0.10
1 Year R=-0.04 =-0.09

r is the correlation coefficient for pearsons test and P is probability value.
ROM = Range of motion

Table 2: Correlation of total knee score and functional score to
the final flexion angle and change in ROM from preoperative
values

Postoperative period TKS FS
Final ROM

3 months r=0.156 r=0.107

6 months r=0.182 r=0.079

1 year r=0.224 r=0.138
Gain in ROM

3 months r=-0.317 r=-0.198

6 months r=—0.351 r=—0.255

1 year P=<0.0001 =-0.297 P=0.0014 =-0.194

r is the correlation coefficient for pearsons test and P is probability value.
ROM = Range of motion, TKS = Total knee score, FS = Functional score

of 130-140°, 27 had a flexion range of 100-130°, and 24
knees had a flexion <100°, with the mean range of movement
being 132.9°. Improvements in the range of movement were
retained over time and a total of 205 patients (224 knees,
75.7%) could squat or sit cross-legged at the final followup.
The mean knee score and the mean function score were
significantly improved from a preoperative value of 39.4
points and 46.7 points to a postoperative value of 87 points
and 86 points, respectively. The mean tibiofemoral angle was
8.5° £ 6.9° of varus preoperatively and 5.4° + 2.2° of valgus
(3-7° of valgus) at the final followup, with no loss of alignment
noted in any case. Second report was again a prospective
cohort of 208 knees and results published in 2010.22 The
patients were followedup for average 3.5 years (range, 2.8
years to 4.3 years). The mean knee score and mean function
score were significantly improved from preoperative value
of 38.6 points and 47.7 points to postoperative value of 90
points and 89 points, respectively (P value <0.05). Out of
208 knees, 60 knees had flexion above 140°, 96 had flexion
range 130° to 140°, 32 had flexion range 100° to 130°, and
20 knees had flexion less than 100° with mean range of
movement being 133.90°. The mean tibiofemoral angle was
7.9° £ 5.4° of varus preoperatively and 5.2° + 2.2° of valgus
(3° to 6° of valgus) at final followup. In our study the final
ROM achieved was mean of 132 + 8° (range 96-140), flexion
deformity improved to a mean of 3.95 + 3.77 (range 0-13),
preoperative alignment increased to 4.8 + 1.32° (range, 0 to
8) of valgus and the knee score and function score improved
postoperatively to 87.7 and 89.7, respectively. Thus, in our
series too, the INDUS knee prosthesis had result similar to
the earlier INDUS series. The ROM was similar to the other
studies on high flexion knee implants [Table 3].
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Table 3: comparison of our results with other studies of high flexion knee prosthesis

Authors No. of cases = Mean followup Rom Flexion Knee society score Functional
(years) deformity score
Pre Postop Pre Postop Preop Postop Pre Postop
Kim et al.*® 54 3 128 133 - - 0.67 0.85 1.0 0.8
Lee et al.?® 278 4 117.3 135 9.0 0.2 30.9 95 44.9 81.3
Hsuang-Ti-Huang*® 25 2 110 112 - - 42 96 45 88
Laskin et al.”™ 40 2 117 133 -1.0 -0.7 66 92 - -
Seong et al.*! 193 2 117.9 124 123 122 HSS=55.9 HSS=58.4 - -
Our study 267 1 97.62 132 13.5 3.95 39.4 87.7 46.7 89.7

HSS = Hospital for special surgery score

Factors affecting the final range of motion are
discussed below

Gender

Harvey et al.?® reported in his study that sex had no
correlation in affecting the final knee ROM postoperatively
in conventional total knee arthroplasty. Other studies also
showed no relation between sex and ROM.%1° [n our study
ROM was preoperatively similar in both males and females.
At 6 months and 1 year post surgery, we found final ROM to
be slightly more in males however this was not statistically
significant.

Age

Schurman et al.®® found that gain in ROM was better
in younger patients at 3 months post-surgery. Franklin
et al.?° reported older age groups to have a poorer outcome
when compared to younger ones. Farahini et al. reported
univariate analysis showing good correlation (r=-0.102,
P-value=0.04) with post operative flexion angle however
multivariate analysis showed no significant correlation. In
contrast, Anouchi et al.?’ reported no correlation between
age and postoperative knee ROM. In our study too we
found no relation between age and postoperative range of
movement at 3 months, 6 month and 1 year time interval
(r value).

Body mass index

Obesity has an adverse effect on postoperative knee ROM
due to soft tissue impingement between the femur and the
tibia, which restricts flexion of the knee.?® Studies show
that patients who were obese had higher chances of a
poor ROM.2830 Qur study shows that people with lesser
BMI gained significant flexion from baseline after the first 3
months till 1 year post surgery. Thus, although the patient
with higher BMI did had decreased ROM, the final flexion
angle did not correlate with BMI, agreeing with Kotani et
al.® Further studies will be required to assess the relation of
body mass index and postoperative ROM in high flexion
implants.

Type of disease
Studies have reported that patients suffering from
rheumatoid arthritis had poor preoperative ROM compared

to osteoarthritis. Harvey et al.*® described the type of disease
as the most important factor in predicting ROM after total
knee replacement. Ritter and Stringer®® evaluated 145
consecutive TKAs and found that the knee flexion range
increased by 2° in RA patients, a non-statistically significant
difference. In our study, there was significant difference in
preoperative ROM between the OA and RA groups with RA
group having lesser preoperative ROM. Postoperatively, the
RA group showed a significantly greater increase in ROM in
agreement with most published studies.®*° The final flexion
angle was greater in OA group and this was significant at
the end of 1 year when compared with RA group. Thus,
although patients with RA had better gain in ROM, the final
ROM was better in OA group.

Preoperative range of motion

Increased preoperative ROM has proved by several studies
that there is a greater postoperative flexion arc achieved
by the patient. Kurosaka et al.,** Harvey et al.*° reported
that preoperative ROM of the knee joint was the most
important factor with patients with good preoperative
ROM showing better final outcome. Our study results
demonstrated moderately positive correlation between
preoperative flexion and postoperative flexion at 3 months
and 6 months, but reduced to a weak positive correlation
by the end of 1 year.

Preoperative flexion deformity and postoperative range
of motion

A positive correlation between preoperative and
postoperative ROM is well established.®®® In our
study, preoperative ROM had positive correlation with
postoperative ROM indicating more final ROM in patients
with more peroperative ROM. However, preoperative
ROM had negative correlation with gain in ROM indicating
patients with more preoperative ROM did not gain
much range (Preoperative ROM « postoperative ROM/
gain in ROM). Kawamura and Bourne® concluded that
preoperative flexion deformity did not correlate with final
ROM. In our series patients with greater flexion deformity
had significant but weak negative correlation with final
ROM and a positive correlation with gain in ROM. Thus,
more the preoperative flexion deformity less was the final
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ROM and more was the gain in ROM with P < 0.0001 at
all-time intervals (Preoperative flexion deformity directly
proportional to gain in ROM and inversely proportional
to final ROM).This correlation of preoperative ROM and
flexion deformity with postoperative ROM and gain in ROM
is not reported in literature.

Patella resurfacing and tourniquet protocol

We performed the arthroplasty of patellar component in 40
of 267 patients. Our study found that patella resurfacing
has no effect on the postoperative ROM in agreement with
Burnett et al.’” However, the sample size in our series is
much skewed to reach a definitive conclusion. Tourniquet
was used in 99% of cases. In these, 202 had tourniquets
released before closure and 65 after closure. The range of
flexion increased significantly at the end of 3 months but
toward the end of 1 year the increase in range had evened
out. Wakankar et al.®® found that not using a tourniquet
had a beneficial effect on ROM only in early period. In this
study, early release of tourniquet was associated with early
gain in ROM, but no long term effect was noted.

Scores

Anouchi et al.?’ found that most important factor to predict
the ROM was the preoperative knee society scores. In our
study, patients with good preoperative knee society score
were shown to have more final range of flexion however
the ones with lower Total knee Score and Functional Score
showed higher gain in ROM from the preoperative value.
Our study shows that in high flexion implants there is weak
correlation between the knee score and final flexion angle
but there was a significant correlation between flexion angle
and functional score after 1 year. This was similar to findings
of other studies and concluded that both preoperative
and postoperative scores positively correlate with better
postoperative ROM.5%2

No comparison group in our study relatively short followup
are the main limitations of the study. Intraoperative factors
like ligament balancing, flexion extension gap after bony cuts
among others were not considered. However, since this is a
series from single institution following a standard technique,
other factors can be considered to be comparable.

To conclude use of INDUS Knee Prosthesis in our series
had mean final ROM of 132° similar to earlier reports on
high flexion achieved by the implant. Factors that positively
affected ROM at the end of 1 year were preoperative ROM,
total knee score, and functional Score and diagnosis of
osteoarthritis whereas BMI, preoperative flexion deformity
has a negative influence on final flexion at the end of 1
year. Age and gender of the patients, patella resurfacing
and use of two different tourniquet protocols did not affect
the final outcome.
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