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(p < 0.001) and have lower HSS scores even at 1 year post-
operatively (p < 0.001).
Conclusions  A significant number of patients in this 
series undergoing routine primary TKA had signs of sub-
clinical depression. These patients are more likely to report 
increased pain even at 1 year following surgery compared 
to patients without signs of depression preoperatively. Psy-
chometric evaluation prior to surgery can help identify the 
at-risk patient and allow for proper management of patient 
expectations, thus improving clinical results and patients’ 
satisfaction after TKA.
Level of evidence  Prospective comparative study, II.

Keywords  Total knee arthroplasty · Depression · 
Results · Pain

Abstract 
Purpose  To evaluate the influence of mild depression on 
pain perception after total knee arthroplasty (TKA).
Methods  Hamilton depression (HDRS) and numeric rat-
ing (NRS) scales were used to evaluate depression sever-
ity and pain perception at various intervals surrounding 
TKA. The Hospital for Special Surgery (HSS) knee and 
pain scores (NRS) in patients with signs of mild depression 
(HDRS < 20 points) were compared to a control group of 
patients with no signs of depression (HDRS < 8 points).
Results  Prior to surgery, there were no statistical differ-
ences in pain perception (NRS) or individual components 
of HSS knee score including range of motion, pain, and 
function between patients with mild depression compared 
to controls. However, following surgery, patients with signs 
of mild depression were more likely to report more pain 
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Introduction

Total knee arthroplasty (TKA) has been shown effective at 
relieving pain and improving function in patients with end-
stage arthritis of the knee [4, 5, 10, 18, 23]. However, sev-
eral studies have also shown that despite well-functioning 
knee prosthesis, up to 20 % of patients remain dissatisfied 
following surgery [3, 7, 8]. Residual pain and stiffness are 
among the leading causes of patient dissatisfaction follow-
ing TKA [13, 22]. While mechanical or infectious causes of 
pain must be ruled out in patients with painful knees, there 
are a significant number of patients whose pain cannot be 
explained [21, 31]. Therefore, it is important to investigate 
patient factors or conditions that can contribute to pain fol-
lowing surgery.

In recent years, preoperative mental status, patient 
expectations, and ethnic and socio-economic factors have 
been recognized as important contributors to a patient’s 
final outcome following TKA [7]. Bonnin and Basiglini 
also identified 3 main factors influencing patient satisfac-
tion following surgery which include: (1) functional out-
come, (2) level of residual pain, and (3) preoperative expec-
tations [7]. Additionally, Wylde and Dieppe [32] concluded 
that satisfaction correlated strongly with a patient’s abil-
ity to perform social functions and mental health. Finally, 
socio-demographic, medical, psychosocial, and other bio-
logical factors (i.e. female gender, low socio-economic 
status) have also been identified as possible risk factors for 
unexplained pain following TKA [15].

Depressive symptoms are commonly found in patients 
with musculoskeletal complaints [16]. While some stud-
ies have shown that depression and anxiety can negatively 
influence clinical outcomes following primary TKA [1, 
28, 30], but others have shown no significant impact [6, 
24]. Furthermore, because anxiety and depressive symp-
toms have also been shown to affect a patient’s perception 
of pain [26], understanding the impact of psychological 
comorbidities on clinical outcomes is equally as important 
as knowing the effects of physical comorbidities such as 
diabetes, obesity, and liver dysfunction on TKA results.

The psychological factors and their contributions to 
patient satisfaction following TKA remain unknown. Stud-
ies have shown that psychological factors can influence 
clinical outcomes in TKA [20]. Physical impairments 
associated with hip and knee joint arthritis can also have 
psychological and emotional effects in patients. However, 
while several authors have evaluated the impact of clini-
cal depression on TJA outcomes, to our knowledge, there 
has not been a published report looking at the prevalence 
and effects of subclinical depression in patients undergoing 
TKA. Understanding of the impact of a patient’s preopera-
tive psyche on outcome measures such as pain perception 

and knee society scores is important to improving patient 
selection, education, and counselling to maximize patient 
satisfaction following TKA. Therefore, preoperative psy-
chometric testing to identify these patients for proper coun-
selling is equally as important as testing and optimization 
of physical comorbidities to minimize complications and 
dissatisfaction following TKA.

Consequently, the purpose of this study is to determine 
(1) the prevalence of mild depression in patients undergo-
ing TKA and evaluate the effect of mild depression on (2) 
pain perception and (3) the HSS knee scores during the first 
12 months following primary TKA.

Materials and methods

This prospective, observational investigation was presented 
to all patients undergoing primary TKA between 2010 and 
2011 at our institution. To be eligible, a patient needed to 
meet the following criteria: (1) undergoing unilateral pri-
mary TKA for arthritis, (2) no known history of mental 
impairments such as cognitive diseases or depression, (3) 
no physical comorbidities such as morbid obesity, diabe-
tes, inflammatory diseases, lymphedema, or immunosup-
pression, and (4) ability to understand and participate in 
the perioperative evaluation programme. Patients with 
rheumatic diseases and those with valgus preoperative 
deformity were excluded. These patients were excluded 
from the study because they might perceive and rate pain 
differently compared to patients with varus alignment and 
osteoarthritis. Finally, patients were excluded from the final 
analysis if they developed any post-operative complica-
tions (i.e. wound complications, deep venous thrombosis, 
or infection).

Preoperatively, the presence or absence of depression 
was evaluated using the Hamilton depression rating scale 
(HDRS), and a patient’s pain level rated using a numeric 
rating scale (NRS). The HDRS is a validated questionnaire 
to evaluate the presence of depression in which a score of 
0–7 points is normal and a score of greater than 20 points 
indicates the presence of severe depression [17]. This vali-
dated questionnaire was designed for adults to rate the 
severity of their depression by probing mood, feelings of 
guilt, suicidal ideation, insomnia, agitation or retardation, 
anxiety, weight loss, and somatic symptoms. This simple 
and reliable tool, which should not be used for the diagnosis 
of clinical depression, was incorporated in the study design 
following consultation with a psychology to determine 
its appropriate use and relevance. For this study, a patient 
was considered to have signs of mild depression if he/she 
scored 8–19 points on the HDRS (Group D), while patients 
with HDRS scores less than 8 points were considered non-
depressed (Group ND). All patients underwent TKA using 
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a standardized surgical technique with the same posterior 
cruciate sacrificing knee implant (Nexgen, Zimmer. War-
saw, IN). Post-operatively, all patients were subjected to 
the same, standardized post-operative rehabilitation proto-
col. Clinical outcomes (Hospital for Special Surgery (HSS) 
knee scoring system), pain perception (NRS), and psycho-
metric evaluations (HDRS) were prospectively collected at 
standardized intervals (preoperatively (T0), three months 
(T1), 6  months (T2), and 12  months (T3). The results of 
patients with depressive symptoms (Group D) were com-
pared to patients without signs of depression prior to TKA 
(Group ND).

Out of 260 primary TKAs performed during this 
time period, a total of 67 patients met the above crite-
ria, enrolled, and were included in the final analysis. One 
hundred and three patients refused to participate, and 23 
patients were lost to follow-up. Other excluded included 
10 patients with diabetes, post-operative infection (n = 1), 
rheumatoid arthritis (n = 12), other comorbidities (n = 8), 
prior contralateral TKA (n  =  22), and 14 patients who 
could not understand or complete the questionnaires. There 
were 17 men and 50 women with a median age of 72 (range 
47–83). During the study period, 1 patient from Group ND 
was dropped from the final analysis secondary to the devel-
opment of a deep-vein thrombosis.

All patients gave informed consent prior to their inclu-
sion in the study, which has been performed in accord-
ance with the ethical standards as certified by the protocol 
0044131/S from the Institution Città della Salute e della 
Scienza di Torino.

Statistical analysis

A priori power analysis of the data with repeated measures 
was performed. Assuming an average group difference of 
2 points over time on the pain NRS scores to be clinically 
significant, a study with a sample size of 20 patients would 
yield a power of 83 % at the 0.05 alpha level.

Continuous variables were expressed as median and 
interquartile range and compared using a Mann–Whit-
ney U test. Categorical variables were expressed as counts 
and percentages and analysed using the Chi-square test. 
Time effects were compared between the study and con-
trol groups. A generalized least-square regression model 
was performed to ascertain whether a significant interac-
tion occurred between the two groups and time from sur-
gery. Additionally, a correlation structure was specified to 
account for repeated measures over time.

A correlation structure was specified to account for the 
non-independent observations on the same subject over 
time. A continuous-time autoregressive of order 1 (CAR1) 
correlation structure was found to yield the best model fit 
according to the Akaike Information Criterion (AIC). Age 

and sex were then entered into this model and their effects 
tested using the Wald test. Restricted cubic splines were 
used to deal with the nonlinear NRS scores over time. The 
data were analysed using R version 2.15. A p value below 
0.05 was considered significant.

HDRS questionnaire contains 21 items, and the scoring 
is based on the first 17, which is pertaining to symptoms of 
depression experienced in the previous week. Each ques-
tion has between 3 and 5 possible responses on a Likert 
scale, which increases in severity. In particular, eight items 
are scored on a 5-point scale, ranging from 0 (symptom not 
present) to 4 (severe symptom), and nine are scored from 0 
to 2. Cronbach’s alpha statistic, which is used to evaluate 
internal reliability, was estimated ≥0.70 reflect adequate 
reliability. Retest reliability, which assesses the extent to 
which more than one administrations generate the same 
results, ranges from 0.81 to 0.98, whereas retest reliability 
at the item level ranges from 0.00 to 0.85 [2].

NRS scale is a unidimensional measure of pain intensity 
in which respondents select an integer number (from 0 to 
10) that best reflects the intensity of their pain. For con-
struct validity, the NRS was shown to be highly correlated 
with the visual analogue score in patients with rheumatic 
and other chronic pain conditions (correlations range from 
0.86 to 0.95) with test–retest reliability coefficient above 
0.9 [14].

Results

In this group of patients undergoing unilateral primary 
TKA, there was a significant number of patients who 
unknowingly had signs and symptoms of depression. Using 
the HDRS as a screening tool, 23 patients (34  %) had 
symptoms consistent with mild depression and comprised 
the study group (Group D). The remaining 44 patients 
(66 %) had HDRS scores less than 8 points and comprised 
the control group (Group ND). The two groups were simi-
lar in terms of patient demographics and patient character-
istics (Table 1). During the first 12 months following TKA, 
there were no significant changes in HDRS compared to 
preoperatively (Fig.  1). Two patients refused to complete 
the study (one from each group).

The presence of signs of depression prior to surgery 
was associated with higher levels of patient-reported 
pain (NRS) following TKA. Patients who had depressive 
symptoms prior to TKA (HDRS  >  8  points) were more 
likely to have more pain at 3, 6, and 12 months compared 
to patients with low HDRS (Table  2). Preoperatively, 
there was no difference in the NRS score between the two 
groups (n.s.), and although both groups showed improve-
ments following surgery, patients in Group D had signif-
icantly higher NRS pain scores compared to patients in 
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Group ND at all the standardized post-operative intervals 
(p < 0.001) (Fig. 2). When considering the effects of time, 
age, depression, and sex on NRS scores, only time from 
surgery and depression correlated with a patient’s percep-
tion of pain.

Patients exhibiting signs and symptoms of depression 
have lower knee scores compared to nondepressed patients 
even up to 1  year following TKA. Prior to surgery, the 
median HSS knee score was 76.5  points (IQR 68.8–86) 
in Group ND compared to 65 points (IQR 57.5–77) in the 
Group D (p  =  0.02). While similar improvements were 
seen following TKA, at 12 months, the median HSS knee 
score was 94 (IQR 88.7–96) in Group ND and 85 (IQR 
79.5–92.5) in Group D, respectively (p  <  0.001). There 
was no difference in the delta between the two groups 
(n.s.). Analysis of the potential contributing factors for 
these differences showed that the pain, ability to walk, 
and stair-climbing components of the HHS knee score 
were among the main factors contributing to this disparity 
(Table 2).

Discussion

The most important finding of this study is the direct cor-
relation between depressive symptoms at a subclinical level 
(HDRS between 8 and 19 points) prior to TKA and higher 
levels of patient-reported pain (NRS) at all intervals up to 
12 months post-operatively. Additionally, a significant num-
ber of patients in this group (33  %) undergoing TKA can 
exhibit signs and symptoms of depression without a prior 
diagnosis of the psychological condition. This prevalence is 
consistent with other previously published reports. Perez-
Prieto et  al. [24] reported that in a cohort of 716 patients 
undergoing TKA, 200 (28 %) patients had depression. How-
ever, these findings on the influence depression on TKA 
are also different from other prior published studies. While 
Duivenvoorden et al. [11] reported improvements in depres-
sive symptoms following THA/TKA, in this study, the 
patient’s HDRS score remained relatively constant through-
out the first year following arthroplasty. This suggests that 
the symptoms of depression may not be affected by knee 
replacement. A potential explanation is that these authors 
used another psychometric tool (Hospital Anxiety and 
Depression Scale) to quantify severity of depression com-
pared to the HDRS. This illustrates the complexity of quan-
tifying psychological conditions but also emphasizes the 
ability of a patient’s psyche to change and influence clini-
cal rating scores following surgery. Consequently, a HDRS 
is an easy-to-use psychometric screening tool to determine 
the presence of signs and symptoms of depression prior 
to TKA. Patients with high HDRS scores should be coun-
selled for the possibility of residual pain following primary 
TKA. This study also highlights the influence of mental 
well-being on the somatic manifestation of pain. The results 
show that patients with HDRS scores greater than 8 points 
were more likely to report higher NRS scores even at 1 year 
following TKA compared to controls. Riddle et al. [26] used 
the Patient Health Questionnaire 8 and concluded that there 
was an association between depression, pain, and function. 
Another study using the pain catastrophizing scale found 
that pain was the only consistent psychological predic-
tor of poor outcome [27]. Additionally, Edwards et al. [12] 
suggested that catastrophizing and depression promoted 
enhanced levels of night-time pain and daily pain, respec-
tively. Therefore, consistent with prior published reports, 
patients with depression and anxiety can affect a patient’s 
perception and characterization of pain.

In this study, patients with preoperative symptoms of 
depression had lower preoperative HSS knee scores and 
also lower HSS knee scores at 12  months compared to 
controls. Analysis of the individual components that com-
prise this score revealed that pain, walking distance, and 

Table 1   Demographic and clinical characteristics of the two groups

ND nondepressed, D depressed

Group ND 
(N = 44)

Group D (N = 23) p value

Gender 27 % (12) M  
73 % (32) F

22 % (5) M  
78 % (18) F

ns

Age 68.7/72.5/76.5 68/72/74.5 ns

Side: left 48 % (21) 30 % (7) ns

BMI 24.6/26.3/28.9 25.5/26.4/28.1 ns

Varus/valgus 
deformity

8/10/10 8/10/10 ns

Flexion deformity 8/10/10 8/10/10 ns

Fig. 1   Hamilton score over time after surgery stratified by group of 
patients (p < 0.001). ND nondepressed, D depressed
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stair-climbing components were consistently lower in the 
study group (Group D). Interestingly, both groups had 
similar improvements (i.e. delta) following TKA. These 
results are also consistent with previously published 
reports. Hirschmann et al. [19] reported lower KSS scores 
in depressed patients prior and after TKA. Similarly, Perez-
Prieto et al. [24] showed that while depressed patients had 
lower post-operative scores compared to nondepressed 
patients, their 1-year improvement was similar if not bet-
ter compared to controls. Finally, Utrillas-Compaired et al. 
[30] reported that the presence of preoperative psychologi-
cal distress did not preclude patients from achieving pain 
relief but was associated with poorer function and quality 
of life after TKA. Thus, while patients with depression can 
benefit from TKA, they can be at risk for residual pain. 
These results also demonstrate that the presence of depres-
sive symptoms without formal clinical diagnosis of depres-
sion is sufficient to affect a patient’s perception of pain and 
clinical ratings even at 1 year post-operatively. Therefore, 
preoperative psychometric testing to identify these patients 
for proper counselling is equally as important as testing and 
optimization of physical comorbidities to minimize compli-
cations and dissatisfaction following TKA.

Table 2   Values for quantitative 
variables: I quartile/median/III 
quartile

Statistics test: nonparametric Mann–Whitney U test or χ2 as appropriate. NRS numeric rating scale, HSS 
Hospital for Special Surgery (reported as total values and single items values), HDRS Hamilton depression 
rating scale

Group ND (N = 44) Group D  
(N = 23)

p value

NRS (T0, admission) 6/7/8 6/7/8 ns

NRS (3 months) 0/1/2 2/5/6 <0.001

NRS (6 months) 0/0/2 2/3/5 <0.001

NRS (1 year) 0/0/1.2 0.5/3/4 <0.001

Total HSS (T0, admission) 68.8/76.5/86 57.5/65/77 0.02

 Pain Score 15/20/25 10/20/25 ns

 Walking 8/9/10 6/8/10 ns

 Stairs 2/2/5 2/2/2 ns

 Transfer 5/5/5 2/5/5 <0.001

 Range of movement 11/12/14 11/12/15 ns

Tot. HSS (1 year) 88.7/94/96 79.5/85/92.5 <0.001

 Pain score 25/30/30 20/25/30 0.004

 Walking 10/10/12 9/10/10 <0.001

 Stairs 5/5/5 2/2/5 <0.001

 Transfer 5/5/5 5/5/5 ns

 Range of movement 13/14.5/15 13/14/15 ns

HDRS (T0, admission) 1.7/2.5/4.2 9.5/11/14.5 <0.001

HDRS (3 months) 0/3/4.2 9.5/12/14.5 <0.001

HDRS (6 months) 0/2/4 9.5/12/14.5 <0.001

HDRS (1 year) 0/2.5/4.2 9.5/11/14 <0.001

Fig. 2   Trend of numeric rating scale (NRS) score for pain over time 
as predicted by the generalized least-square model stratified by group 
of patients and adjusted by age, sex, and NRS score at baseline. Grey 
areas represent 95 % confidence interval bands. Dotted line moder-
ate depressed patients (Group D); continuous line absent depression 
patients (Group ND)
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Symptoms of depression can commonly be found in 
patients presenting with musculoskeletal complaints [16]. 
A patient’s psychological well-being has been shown 
to affect a patient’s perception of pain and can, in turn, 
affect patient satisfaction following TKA [25]. With sev-
eral authors reporting inferior results of TKA in patients 
with depression [9, 12], it is therefore important to iden-
tify the causes of dissatisfaction in this patient population 
(Table  3). A question to which this study cannot provide 
an answer to is whether or not preoperative intervention in 
patients with depressive symptoms or clinical depression 
can ultimately affect subsequent clinical perception of pain 
and outcome. Future prospective, randomized, multicentre 
studies will be necessary to determine which preoperative 
interventions (if any) can prepare and optimize a patient’s 
psyche for the process of TKA.

This study has several limitations. First, the sample size 
is relatively small, nonconsecutive, and highly selected, 
thus introducing the possibility of bias and type 1 error. 
However, the study was designed to eliminate confound-
ing variables which could affect pain perception, and our 
power analysis showed our sample size to be sufficiently 
sensitive to detect small changes and therefore lessens the 
likelihood of error and allows for identification of certain 
trends. Second, while the HDRS is a validated screening 
tool for depression, it is not specific to determining the vari-
ous subsets of anxiety and depressive disorders. As a result, 
care must be used when interpreting these data and gen-
eralizing these conclusions to all patients with depressive 
symptoms. Nevertheless, the HDRS can be used as a tool to 
allow the identification of the “at risk” patient for pain and 
potential dissatisfaction in order to allow for proper coun-
selling and management of realistic expectations. Finally, 
the final psychometric and clinical evaluations for this 
cohort of patients were performed at 12 months following 
TKA, and thus, it is unclear whether future improvements 
were made beyond this point. Though studies have shown 
that HSS knee scores do not significantly change beyond 
1 year [4], some have reported functional improvements up 
to 24 months following primary TKA [29]. Consequently, 
larger, longer term, prospective studies with more spe-
cific psychometric tests are needed to define this complex 
patient variable.

Conclusions

This study shows that mild depressive symptoms without a 
clinical diagnosis of depression prior to surgery can influ-
ence post-operative pain perception (higher NRS scores) 
even 1 year following surgery. This work is clinically rel-
evant in daily practice because proper patient selection and 
appropriate management of patient expectations prior to 

total knee arthroplasty is critical to maximizing patient sat-
isfaction. Therefore, addition of psychometric tests to tra-
ditional physical examination can provide a more complete 
patient profile and will help identify and counsel patients at 
risk of dissatisfaction following surgery.
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