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Acceptable Functional Outcomes and Patient
Satisfaction Following Total Knee Arthroplasty in

Asians with Severe Knee Stiffness:
A Matched Analysis
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Background: This study evaluated outcomes following total knee arthroplasty for severely stiff knees in Asians.

Methods: Registry data of patients undergoing primary total knee arthroplasty between 2004 and 2013 were collected and retro-
spectively reviewed. Sociodemographic and anthropometric data together with the Oxford Knee Score and the Knee Society Score
(Knee Society Knee Score and the Knee Society Function Score) were collected both preoperatively and postoperatively for up to 2
years. Case subjects consisted of patients with a preoperative flexion range of < 20°. Control subjects consisted of patients with
a preoperative flexion range of > 90°. Patients were matched for age, sex, and all preoperative scores in a 2:1 fashion. Two-year
outcomes and 5-year revision rates were then compared between cases and controls.

Results: There were 28 cases and 56 controls. Cases had a significantly lower body mass index than the controls (p = 0.003) and
had a longer hospital stay (p < 0.0001). At 2 years, cases had a significantly lower flexion range (p < 0.001) and a lower Knee So-
ciety Function Score (p = 0.020) than the controls. Cases had a significantly greater improvement in the flexion range (p < 0.001)
postoperatively than controls. The mean change in functional outcomes at 2 years was comparable between the two groups.
Seventy-one percent of the cases and 88% of controls were satisfied. There was a significant difference in the 5-year revision rate
(10% vs 0%, p = 0.013). More cases were discharged to a rehabilitation facility compared to controls (p = 0.011). There were no
differences in inpatient complication rates.

Conclusions: Functional outcomes and patient satisfaction were acceptable following total knee arthroplasty in Asian patients
with severe knee stiffness.
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The surgical approach for total knee arthroplasty (TKA)
in a stiff knee can be very challenging, as routine patellar
eversion or subluxation and adequate exposure of the joint
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cannot be easily achieved."” Failure to obtain adequate
exposure may lead to technical errors such as unbalanced
flexion and extension gaps with resultant complications
such as component malalignment. There is also the inher-
ent risk of iatrogenic injury to the extensor mechanism
such as patellar tendon rupture and avulsion of the tibial
tuberosity, or collateral ligaments.” The major goals of
TKA for patients with late-stage knee osteoarthritis in-
clude relieving pain, providing knee stability, and cor-
recting knee deformity. However, for patients with severe
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stiffness, increasing the flexion range after TKA will be an
additional goal that may affect the clinical outcome.

There are limited reports regarding the results of
primary TKA in Asians with a preoperative flexion range
of < 20°.” The Asian culture requires kneeling and squat-
ting, and patients have an expectation to achieve good
flexion following TKA. Dissatisfied patients following
TKA are known to value high flexion activities more than
satisfied patients do.” It is already known that the range of
motion after TKA is related to the preoperative range of
motion.” How then do Asians with severely stiff knees fare
following TKA? There have been many studies conducted
on Western populations to evaluate outcomes following
TKA in severely stiff knees, whereas there is a dearth of
studies on Asian populations. We aimed to evaluate out-
comes following TKA in Asians with stiff knees.

METHODS

Study Sample

Prospectively collected registry data of all consecutive
primary unilateral TKAs performed at Singapore General
Hospital, a tertiary teaching hospital between January
2004 and January 2013 were assessed retrospectively. Our
Institutional Review Board (No. CIRB 2017/2467) granted
a waiver for informed consent for this study as no patient
identifiable data was used. Patients were included only if
they underwent a primary unilateral TKA with the other
knee asymptomatic or successfully replaced and they com-
pleted all appropriate follow-up appointments and out-
come assessments for at least 2 years following the index
surgery. Exclusion criteria included the following: (1) spas-
tic or flaccid paralysis of one or both lower limbs regard-
less of cause; (2) New York Heart Association Class II and
III cardiac failure; (3) severe pulmonary disorders limit-
ing the patient to only home ambulation; (4) all revision
arthroplasties including infected arthroplasties; and (5)
severe hip and/or spine conditions preventing the patient
from ambulating independently. From this registry data,
we identified 28 patients with a preoperative flexion arc of
< 20° and and matched them to 56 controls with a preop-
erative flexion arc of > 90°. Patients were matched for age,
sex, and all preoperative scores in a 1:2 fashion during the
same study period to ensure uniformity of follow-up.

Perioperative Details

All patients received a posterior-stabilized TKA with a
fixed bearing tibial prosthesis. All surgeries were per-
formed by fellowship-trained senior orthopaedic surgeons

(NNL and SJY from Singapore General Hospital, Singa-
pore) in a tertiary teaching hospital of a developed nation.
A midline skin incision was made and the joint was ex-
posed through a medial parapatellar approach. A medial
parapatellar approach was chosen regardless of the coronal
deformity as it could be easily converted into a quadriceps
snip, which was required in six out of the 28 cases. Sequen-
tial soft tissue releases were performed depending on the
demands of the knee deformity. Fibrous adhesion bands in
the patellofemoral and suprapatellar pouch were excised.
The medial and lateral gutters of the knee were developed
fully. Debulking and excision of the lateral aspect of the
prepatellar fat pad and division of the lateral patellofemo-
ral ligaments were performed to help in patellar eversion.
The menisci and cruciate ligaments were excised. The
knee was flexed and the tibia was maneuvered anteriorly
for the bone cuts. Care was taken to preserve the collateral
ligaments during resection of bone and soft tissue release.
No patients in our series had bony ankylosis. Tibial bone
cuts were performed with use of an extramedullary guid-
ance jig. After initial resection, the knee was carefully
flexed after an extensive soft tissue release. Thereafter, tib-
ial cuts were completed and femoral bone cuts were per-
formed with use of an intramedullary guidance jig. Flex-
ion and extension gaps were checked and balanced with
further soft tissue release. Trial implant components were
inserted. Osteotomy was performed on the patella with
the final thickness not less than 12 mm. Range of motion,
stability, rotational balance, and patellar tracking were
manually checked with the trial components in place. The
definitive implants were then cemented (Smartset; DePuy,
Raynham, MA, USA). All excess cement was removed and
the surgical field was irrigated copiously before wound
closure in layers with sutures. Patients received mechani-
cal or oral prophylaxis against venous thromboembolism.
Patients were assessed by physiotherapists immediately
following surgery and taught range of motion exercises.
From the 1st postoperative day, patients ambulated with
assistive devices. Patients were considered independently
ambulant if they were able to ambulate independently with
or without use of an aid. Patients were deemed fit for dis-
charge to their homes after they successfully ambulated 20
to 30 m independently and after they were assessed to be
competent with stair climbing, if required. The duration
of hospitalization was the number of days the patient took
to be independent enough to be discharged back to their
own home. They were then followed up at the specialist
outpatient clinic at 1 month, 3 months, 6 months, 1 year,
and 2 years postoperatively.
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Assessments

All assessments were made independently. Baseline inter-
views were conducted preoperatively to assess sociode-
mographic characteristics, body mass index (BMI) and
knee arthritis severity using the Knee Society Score (KSS)"
that consists of the Knee Society Knee Score (KSKS), the
Knee Society Function Score (KSFS), and Oxford Knee
Questionnaire Score (OKQS).” We used the 1997 “12-60”
version of the OKQS for which higher scores indicate
greater severity. Patient satisfaction scores were recorded
on a Likert scale of 1-6, with one representing excellent
satisfaction and six representing extreme dissatisfaction.
To generate binary data, the overall satisfaction grade was
categorized into two groups with patients who answered
1, 2, and 3 being assigned to the satisfied group and those
who answered 4, 5, and 6 being assigned to the dissatis-
fied group. The minimal clinically important difference
(MCID) criterion was also used to assess whether the im-
provement in the KSS and OKQS was clinically meaning-
ful. We used an MCID of 5 for both the KSS and OKQS
based on previous studies conducted at our institution.'”"”
All data, including pre- and postoperative variables, were
collected up to 2 years by hospital staff from the Orthopae-
dic Diagnostic Center. Comorbidities and revision surgery
were assessed via the electronic health records.

Table 1. Patient Characteristics and Postoperative Scores

Characteristic (r? 232%) Enogtgg; p-value

Demographics

Age (yr) 63.9+102 62.7+84 0.568

Female sex 23(79) 48 (86) 0.667

Body mass index (kg/m?) 268+48 297+22 0.003
Health services utilization

Hospital length of stay (day) 62+17 48«13 <0.0001

Discharge directly home 12 (43) 40(71) 0.011
Surgical

In-hospital complication 4(14) 5(9) 0.453
Preoperative score

Range of mation (°) 8+7 116+17  <0.0001

Knee Society Knee Score 28+22 35+19 0.135

Knee Society Function Score 42 £21 49+ 21 0.154

Oxford Knee Questionnaire Score 39+ 8 39+9 1.000

Statistical Analysis

We stratified the patients into two groups: cases and con-
trols. Outcomes at 2 years were then compared between
the two groups. The Student t-test was used for compari-
son of means and the Z-test for comparison of propor-
tions. Revision rates were calculated for both groups at a
median follow-up of 5 years.

RESULTS

Twenty-eight patients with severely stiff knees and 56 con-
trol subjects were identified. Among the 28 patients with
severely stiff knees, the primary diagnosis was rheumatoid
arthritis in 12 patients, osteoarthritis in 10 patients, and
gouty arthritis in six patients. Preoperatively, the mean age
and sex distribution were similar between the two groups
(Table 1). The cases had a significantly lower BMI than the
control subjects (26.8 vs. 29.7, p = 0.003). The mean post-
operative follow-up duration for our patients was 4.3 years
(range, 2.5 to 6.3 years).

Cases had a longer hospital stay than control sub-
jects and were in the hospital for 1.4 more days than con-
trols (p < 0.0001) (Table 1). A higher percentage of the
controls (71%) was discharged directly home compared to
the cases (43%) (p = 0.011). There was no significant dif-
ference in inpatient complication rates between the groups
with 14% of patients with severely stiff knees experiencing
postoperative complications compared to 9% of the con-
trols (p = 0.453). These complications include superficial
wound infection, urinary tract infection, and below-knee
deep vein thrombosis.

At 2 years, controls had a significantly higher flex-
ion range than cases (118° vs. 80°, p < 0.0001) as well as
a higher KSFS than cases (75 vs. 64, p = 0.020) (Table 2).
However, the cases had a significantly greater improve-
ment in the flexion range at 2 years postoperatively (70° vs.
3°, p < 0.0001) (Table 3). The mean change in functional
outcomes at 2 years compared to the preoperative values

Table 2. Two-Year Postoperative Scores

Characteristic (r?gsZ%) (CnoztSrg)l p-value
Range of motion (%) 80+33 118+12  <0.0001
Knee Society Knee Score 78+ 21 83+15 0213
Knee Society Function Score 64 +£22 7519 0.020
Oxford Knee Questionnaire Score 22+9 19+5 0.053

Values are presented as mean + standard deviation or number (%).

Values are presented as mean + standard deviation.
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Table 3. Outcomes Assessed by Improvement, MCID, and Satisfaction

Variable
Change in range of motion (°)
Change in Knee Society Knee Score

Achieved MCID of 5 for Knee Society Knee Score/Knee Society
Function Score/Oxford Knee Questionnaire Score

Change in Knee Society Function Score

Achieved MCID of 5 for Knee Society Function Score
Change in Oxford Knee Questionnaire Score

Achieved MCID of 5 for Oxford Knee Questionnaire Score

Satisfied

Case (n=28) Control (n = 56) p-value
70+ 34 3+20 <0.0001
51+21 48 + 72 0.552
25(89) 54 (96) 0.072
23+27 26+£23 0.597
24 (86) 53 (95) 0.162
17+9 209 0.154
27 (%) 55(98) 0.610
20 (71) 49 (88) 0.070

Values are presented as mean + standard deviation or number (%).
MCID: minimal clinically important difference.

was similar between the two groups (Table 3). The mean
change in KSKS was 51 in the cases compared to 48 in the
controls (p = 0.552), with 89% of cases and 96% of controls
achieving MCID (p = 0.072). The mean change in KSFS
was similar in both groups (23 vs. 26, p = 0.597), with 86%
of cases and 95% of controls achieving MCID (p = 0.162).
The mean change in OKQS was 17 in cases whereas it was
20 in the controls (p = 0.154), achieving MCID in 96% of
cases and 98% of controls (p = 0.610).

Regarding patient satisfaction, 71% of cases and 88%
of controls were satisfied (p = 0.070) at 2 years following
TKA. There was a significant difference in the 5-year revi-
sion rate between the two groups with three patients (10%)
with severely stiff knees requiring revision compared to
none in the controls (p = 0.013). Two patients underwent
revision TKA for Rorabeck C periprosthetic fractures with
loose femoral components and one patient underwent a
two-stage revision for periprosthetic joint infection.

DISCUSSION

Knee stiffness can be physically disfiguring, functionally
limiting, and emotionally disabling in affected individu-
als. The functional impairment of the knee leads to pain,
which further hampers activities of daily living, such as
walking, sitting, and navigating stairs, as was reflected
in the low preoperative KSKS in our patient population.
In an Asian population, in particular, the ability to squat
for cultural and religious purposes is important yet not
feasible with one or more stiff knees. TKA has become
mainstream for the treatment of these stiff and painful
knees.""'” However, TKA can be technically challenging

and the risk of complications, such as radiolucent lines,
patellar fracture, infection, and skin necrosis, among oth-
ers, are not insignificant'”'” and can be as high as 29%.""
Nevertheless, TKA can result in pain relief and functional
improvement.'”

There are conflicting outcomes following TKA in
patients with stiff or ankylosed knees.”*'*'**” Neverthe-
less, preoperative flexion has been shown to be the stron-
gest predictor of postoperative flexion, regardless of pre-
operative alignment of the knee.”*” In our study, patients
with severely stiff knees had less absolute flexion (80°)
than controls (118°) at 2 years postoperatively. In the series
by Kim and Kim,'” absolute flexion similarly improved
to a mean of 79° in 99 stiff Asian knees at final follow-up.
Rajgopal et al.”” reported improved flexion to a mean of
75° in 84 stiff knees at final follow-up. Absolute flexion is
an important variable to consider for its effects on daily
function; 65° to 70° of flexion is reportedly necessary for
the swing phase of a normal gait, at least 90° of flexion is
needed to descend steps, and 105° of flexion is needed to
rise independently from a low chair.

It is important to note that since the stiff knees had
more range of motion to gain postoperatively than the
controls in our study, the mean improvement in range
of motion was significantly higher for the cases (70°)
compared to controls (3°). Other series found similar
results.””” In the series by Kim et al.,” the mean range of
flexion improved approximately 69° (from 9.5° to 78.5°)
in 10 stiff knees that underwent TKA. Rajgopal et al.”” re-
ported a significant mean gain of 61° following TKA in 84
stiff knees with an average follow-up of 9 years; the mean
preoperative range of flexion was 14°.



341

Polascik et al. Total Knee Arthroplasty in Stiff Asian Knees
Clinics in Orthopedic Surgery * Vol. 10, No. 3, 2018 * www.ecios.org

At 2 years postoperatively, there were no significant
differences between cases and controls in the mean OKQS
and KSKS. Even though there was a significant difference
in the absolute KSFS (64 in cases vs. 75 in controls) at 2
years postoperatively, this is likely not clinically significant.
We say this because the proportions of patients achieving
the MCID for KSFS in both cases and controls are similar
(Table 2). MCID is an important concept used to deter-
mine whether a medical intervention improves perceived
outcomes in patients and is believed to be a more rigorous
measure of success following any intervention. Similar
KSKS values between the cases and controls indicate that
both groups have a similar ability to function in their daily
activities although absolute flexion may remain higher for
the controls.

In our study, the difference in satisfaction rates (71%
vs. 88%) between cases and controls were not statistically
significant but was trending towards significance. Choi
and Ra™ have demonstrated that extensive preoperative
discussion may contribute to improved postoperative
satisfaction. After primary TKA, it has been shown that
addressing patient expectations is an important factor in
achieving patient satisfaction with surgical outcomes.”*””
Kim et al.”¥ in their study found that unlike in the West-
ern populations, limited flexion less than 130° reportedly
impairs patient satisfaction in Asian populations because
it precludes performance of common activities of daily
living such as squatting, sitting cross-legged, or kneeling.
We postulate that the relative lack of preoperative discus-
sion and moderation of patient expectations as well as the
lower absolute flexion achieved at 2 years postoperatively
were all contributory factors to the lower satisfaction rate
seen in the cases. Nonetheless, the authors believe that a
satisfaction rate of 71% given the severe preoperative stiff-
ness would be deemed acceptable.

While there was no difference in the inpatient
complication rate between cases and controls, cases had
a significantly longer postoperative length of stay. The
explanation for this observation may be multifactorial.
Surgical exposure during TKA for stiff knees can be chal-
lenging and thus require increased surgical manipulation
to gain exposure. This increased intraoperative manipula-
tion combined with the need for more extensive soft tissue
releases may have translated into a longer postoperative
length of stay than controls due to prolonged inpatient
postoperative pain management. Comorbidities in patients
with the limited ambulation and function associated with
stiff knees may contribute to a longer length of stay.”” An-
other notable finding in our study was that the cases were
more likely to be discharged to a rehabilitation facility

instead of home. The markedly limited preoperative range
of motion that characterizes these stiff knees is associated
with secondary muscle contractures and weakening, and
this requires more intensive postoperative rehabilitation
than in those with a greater preoperative range of motion.
When compared to home-based treatment, Lopez-Liria
et al.’” concluded that hospital-based rehabilitation pro-
grams were significantly better at improving knee exten-
sion and strength in patients after TKA.

Moreover, there was a higher revision rate of 10%
for patients with severely stiff knees at 5 years compared to
0% in controls and this indicates room for improvement.
The 10% revision rate in our study compares favorably to
revision rates in the published literature. Some series, such
as that by Naranja et al.,” reported revision rates as high
as 35% whereas McAuley et al."” reported a lower revision
rate of 19%. In the Asian setting, Kim and Kim'® reported
a rate of 4%. In our series, three cases underwent revision
TKA-2 for periprosthetic fractures and one for prosthetic
joint infection.

This study has several strengths. It is the first study
evaluating outcomes of TKA in a Southeast Asian popu-
lation with stiffness of the knee. Furthermore, the case-
control study design involving a comparative control
group matched for age, sex, and all preoperative scores in
a 2:1 fashion for reference was suitable for less common
conditions such as knee stiffness presented in this study.
Data was also prospectively collected from the registry.
Our patients also had good mid-term follow-up participa-
tion (mean, 4.3 years). Post-hoc power analysis showed
that the study was adequately powered for all our outcome
measures except for satisfaction rates where the power was
only 50%. This could explain the lack of statistical signifi-
cance for the difference in satisfaction between cases and
controls. The weaknesses of our study include the selec-
tion bias, which is inherent to a case-control study. Since
we were dealing with a relatively uncommon condition,
we had a modest sample size although we believe the study
is adequately powered for primary analysis. The results
studied were at best short-term (i.e., 2 years). In our study,
BMI was significantly higher in the control group. In cur-
rent literature, there is conflicting data with regards to the
impact of BMI on clinical outcomes following TKA. In a
recent study by Wilson et al.,”” it was suggested that obese
class IIT TKA patients are at increased odds of superficial
and deep surgical site infection compared to other BMI co-
horts. However, in an earlier study, Bin Abd Razak et al.*?
concluded that BMI had little clinical impact on short-
term outcomes of conventional TKAs in Asian patients.
The latter study originated from the same institution as
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the current study with a similar patient profile. While we
agree that significantly different BMI can be a confound-
ing factor, we do not think it was a significant one in our
study. Another possible criticism is the lack of radiograph-
ic evaluation. However, time points when radiographs
were taken varied with individual surgeons and we could
not make a meaningful comparison as such; therefore, we
decided to focus on functional outcomes instead. Having
originated in a unique Southeast Asian setting, the authors
agree that we cannot generalize our results to other Asian
countries and other hospitals. However, it is one of the few
studies looking at an Asian cohort with significantly stiff
knees undergoing TKA.

In our Asian population, TKA in severely stiff knees
resulted in a significant gain in the range of motion and
improvement in pain, satisfaction, and thus quality of life.
Patients with severely stiff knees had a significantly lower
flexion range than controls at 2 years following TKA.
Nonetheless, functional outcomes and satisfaction rates
were acceptable. While there was no difference in the

inpatient complication rate, the higher revision rate for
patients with severely stiff knees is a concern that warrants
further research. Functional outcomes and patient satis-
faction were acceptable following TKA in Asian patients
with severe stiffness of the knee.
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