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Abstract

Introduction Postoperative pain management options are of great importance for patients undergoing total hip arthroplasty, as
joint replacement surgery is reported to be one of the most painful surgical procedures. This study demonstrates pain outcome
until 4 weeks postoperatively and evaluates factors influencing pain in the postoperative course after total hip arthroplasty.
Materials and methods A total of 103 patients were included in this prospective cohort trial and underwent total hip
arthroplasty. Postoperative pain was described using a numerical rating scale (NRS); demographic data and perioperative
parameters were correlated with postoperative pain.

Results Evaluation of pain scores in the postoperative course showed a constant decrease in the first postoperative week
(mean NRS 3.1 on day 1 to mean NRS 2.3 on day 8) and, then, a perpetual increase for 3 days (mean NRS 2.6 on day 9
to mean NRS 2.3 on day 12). Afterwards, a continuous pain-level decrease was stated (continuous to a mean NRS 0.9 on
day 29). No correlation was found between the potential influencing factors sex, age, body mass index, duration of surgery,
ASA score, and postoperative pain levels, but a high significant correlation could be stated for preoperative pain levels and
postoperative pain intensity (pain while moving p <0.02 to p <0.05 depending on the time period “week 1 postoperatively”,
“week 2-4”, or “week 1-4”; pain while resting p <0.001, in all the measured time intervals, respectively).

Conclusion Increasing pain levels after the first week postoperatively, for 3 days, are most likely to be caused by the change
to more extensive mobilization and physiotherapy in the rehabilitation unit. No significant influence or correlation on the
intensity of postoperative pain could be found while evaluating potential predictors except preoperative pain levels. Pain
management has to take these findings into account in the future to further increase patients’ satisfaction in the postoperative
course after total hip arthroplasty and to adapt pain management programs.
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Introduction

The procedure of total hip arthroplasty (THA) is a highly
stressful surgical intervention for patients and pain is the key
factor for patient’s satisfaction [1]. Hip arthroplasty is ranked
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Postoperative pain after total hip arthroplasty is a great
strain for the patient and the ability for the early mobiliza-
tion; besides, it may cause higher costs, lengthen hospital
stays, and put additional burden on the health care system
[5]. Pain furthermore is both influenced by psychological
factors such as anxiety, helplessness, and depression, as well
as it may increase those factors itself [6]. Multidisciplinary
pain therapy, therefore, is of great importance. Further-
more, patients express concern about pain and dependence
upon other persons during the postoperative and rehabili-
tation period after the surgical procedure [1]. Therefore,
it is of importance to know and understand the timing of
postoperative pain, and to provide for patients’ elucidation
preoperatively.

The aim of this study was to evaluate the intensity and
incidence of postoperative pain as well as possible influenc-
ing factors for its predisposition after total hip replacement
surgery. Increased postoperative pain leads to increased
analgesic use and a prolonged rehabilitation for the patient.

Materials and methods

In the present study, a total of 103 consecutive patients after
total hip arthroplasty were prospectively evaluated in 2017.
The patients were included a few days prior to the surgical
intervention on the day of preoperative preparations in our
admission department. Inclusion criteria were patients with
primary arthroplasty of the hip, and consent for epidural
anesthesia (spinal block) and sedation with propofol. Fur-
thermore, only patients receiving stationary rehabilitation
care in our own department for the time following the acute
stationary care were included due to organizational reasons.
Exclusion criteria were the existence of chronic pain syn-
drome preoperatively except the reported pain of the hip
joint arthritis; furthermore, intraoperative change to general
anesthesia was an exclusion criterion in order to prevent
possible bias by anesthetic method used.

A standardized pain management concept was applied for
all patients in this study:

Patients receive oral benzodiazepine premedication 1 h
before the surgical procedure followed by spinal anesthesia
with 4 ml of bupivacaine 0.5% and 0.1 mg of intrathe-
cal morphine. During surgery, patients were sedated with
propofol. A nurse in the intermediate care unit adminis-
ters 3 mg of piritramide on patients demand in intervals
during the first 12 h after the procedure. Ibuprofen 600
three times daily is used as standard analgesic medica-
tion on a regular daily basis. Oral-controlled analgesia is
applied at the ward. Cool packs for the affected hip are
also provided. Patients may receive additional analgetic
medication depending on NRS values if required: tramadol
100 mg (40 gtt) with the possibility of a repeat dose after
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30 min for NRS 3-6 and oxycodone 20 mg and a repeat
dose after 1 h for NRS 7-10. In cases of persisting pain,
the nurse will notify the physician for further device.

Patients received written and oral informed consent
before the surgical procedure, general data (age, sex, BMI,
and ASA score) were recorded as well as pain before sur-
gery while resting and moving using the numerous rating
scale (NRS 0=no pain; NRS 10=worst pain imaginable).
All patients received a modified antero-lateral minimally
invasive approach, DePuy (Warsaw, Poland) Pinnacle
acetabular shells and Corail femoral stems were used and
implanted cementless. Full weight bearing was already
allowed in the immediate postoperative course. From the
patients record, surgical duration was captured. Through-
out postoperative course (4 weeks postoperatively), pain
intensity was measured using the NRS scale, documented
four times daily under supervision of the clinic staff—
morning, lunchtime, evening, and night, as well as the
maximum pain of the day (separately recorded and not
calculated)—and entered in an anonymized databank.
Patients received physiotherapy once daily including pas-
sive motion training gait practice. Specialized pain nurses
supervised the documentation at the ward (7 full days
during inpatient treatment in the hospital, standard in the
observing orthopedic department). Patients documented
their pain values as mentioned above on a standardized
protocol in the following 3 weeks of inpatient rehabilita-
tion three times daily plus the maximum pain of the day.
Physiotherapy in the rehabilitation unit was applied to our
colleague’s standardized and health insurance requested
intense rehabilitation program.

Afterwards, a mean of the values recorded four times
daily was calculated per day, the maximum pain of the day
value was evaluated separately.

In addition, possible pain modulating factors and there-
fore correlation coefficients were calculated. The postop-
erative period was separated into values of the first post-
operative week (acute hospital, 71), values of week 2—4
(rehabilitation unit, 72), and values of the overall time
postoperatively to analyze these possible pain-influencing
factors (73).

The study was approved by the local Ethics Committee
with the approval number 16-101-0204 (IRB approval). Fur-
thermore, the project was registered in the German Regis-
try of Clinical Studies (DRKS) with the approval number
DRKS00011803 (WHO register). The study was applied in
accordance with the ethical standards of the Declaration of
Helsinki 1975.

Statistical analysis was performed using SPSS 22.0
(IBM SPSS Statistics, Armonk, NY, USA—IBM Corp.).
For descriptive analysis, absolute and relative frequen-
cies or mean and standard deviation were stated. Pre-
dictors of postoperative pain were analyzed using linear
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Table 1 Morning (M), lunchtime (L), evening (E), night (N), and
maximum (Max) pain, exemplified: day 1 (day of surgical interven-
tion, acute hospital), 8 (end of first week after surgery, acute hospi-
tal), 9 (begin of pain increase in second week after surgery, rehabil-
itation unit), 12 (end of volatile 3-day increase, rehabilitation unit),

15 (end of second week after surgery, rehabilitation unit), 22 (end of
third week after surgery, rehabilitation unit), and 29 (end of fourth
week after surgery, rehabilitation unit) with standard deviation (£ SD)
on an NRS scale

D1 D8 D9 D12 DI15 D22 D29

(M) Mean (NRS) + SD 3.0+2.7 23429 23+1.7 23418 2.0+2.0 13+1.3 09+1.0
(L) Mean (NRS) +SD 29424 23418 24418 20+1.7 1.7+1.7 1.0£1.2 09+1.1
(E) Mean (NRS) +SD 3.142.6 23420 27421 23420 1.8+1.8 1316 09+1.1
(N) Mean (NRS)+SD 34426 24421 28423 24421 2.1£2.0 13+1.7 09+12
(Max) Mean (NRS) + SD 43428 3.0+2.1 34423 29+2.1 26422 1.7+1.8 12413
D# day#
regression models. No imputation methods were used. A p

. . L I
value < 0.05 was considered statistically significant. s I :::n

Results

We were finally able to achieve a participation rate of 94%
(n=103). The reason for the missing data of 6% (n="7)
was that these patients refused to fill out pain sheets
(n=4), disclosed withdrawal of study participation (n=2),
or a second surgical intervention due to a complication
(n=1).

The cohort was composed of 50 men (48.5%) and 53
women (51.5%) with a total mean age of 64.7 +9.3 years
(63.6 +9.1 for males, 65.7+9.6 for females). The average
value of the body mass index (BMI) was 27.9 kg/m*+4.8
(28.2 +4.6 for males, 27.7 +4.9 for females). According to
the definitions of the World Health Organization (WHO)
22.3% of patients showed normal weight, 46.6% overweight,
and 31.1% obesity. The average duration of surgery was
56.5+16.1 min with a minimum of 35 min and a maximum
of 109 min. 35.9% of all patients had an ASA score (Ameri-
can Society of Anesthesiologists) of 1,59.2% an ASA score
of 2, and 4.9% an ASA score of 3; none of the patients had
a higher ASA score.

Pain scores were evaluated preoperatively, separated into
pain while resting (mean 3.9, SD 2.5) and while moving
(mean 6.6, SD 2.0). In the following postoperative period,
pain scores were measured four times daily (morning, lunch-
time, evening and before going to bed) on days 1-day 29
(Table 1; Fig. 1). A mean was calculated per day for graphic
representation and the later correlation analysis (Fig. 2). Fur-
thermore, the maximum pain of the day was reported by the
patients per day and was then evaluated (Table 1; Fig. 1).

For the possible influencing factors age, sex, BMI, dura-
tion of surgery, and ASA score, no correlation could be
stated, whereas preoperative pain intensity showed a highly
significant correlation to postoperative pain levels (Table 2).
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Fig. 1 Graph showing the mean pain and maximum pain on day 1-29
on an NRS scale; braces indicate 95% confidence interval. Mean pain
calculation based on morning, lunchtime, evening, and night pain
values. The vertical line indicates the pain increase with begin of the
intense rehabilitation program

—morning
lunchtime
evening

—night

Fig.2 Graph showing the morning, lunchtime, evening, and night
pain on day 1-29 on an NRS scale. The vertical line indicates the
pain increase with begin of the intense rehabilitation program
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Table 2 Linear regression on pain after total hip arthroplasty, based
on mean pain levels of the first postoperative week in the acute hos-
pital (7'1), the second week until the fourth postoperative week in the
rehabilitation unit (72), and the total analyzed postoperative time (73)

Predictor B (95% CI) p value R? value
Sex

T1 —0.448 (- 1.27,0.38) 0.283 0.011

12 —0.172 (- 0.84, 0.50) 0.612 0.003

73 -0.292 (-0.97, 0.38) 0.391 0.007
Age

T1 0.017 (-0.03, 0.06) 0.455 0.006

172 0.010 (—0.03, 0,05) 0.584 0.003

13 0.012 (-0.02, 0.05) 0.511 0.004
BMI

71 0.071 (-0.02, 0.16) 0.108 0.025

172 —0.007 (-0.08, 0.07) 0.863 0.000

13 0.035 (-0.04,0.11) 0.333 0.009
ASA score

T1 0.525 (-0.21, 1.26) 0.160 0.019

172 0.544 (-0.06, 1.15) 0.077 0.031

13 0.602 (0.01, 1.20) 0.051 0.037
Surgical duration

T1 0.001 (-0.03, 0.03) 0.956 0.000

172 0.010 (-0.01, 0.03) 0.352 0.009

13 0.007 (=0.01, 0.03) 0.503 0.004
Pain preoperatively while resting

T1 0.300 (0.14, 0.46) <0.001 0.122

172 0.235(0.11, 0.37) 0.001 0.114

13 0.234 (0.10, 0.37) 0.001 0.112
Pain preoperatively while moving

T1 0.240 (0.04, 0.44) 0.020 0.053

172 0.155 (0.01, 0.32) 0.045 0.040

13 0.188 (0.02, 0.35) 0.025 0.049

B unstandardized regression coefficient, R? coefficient of determina-
tion, CI confidence interval

Discussion

Clear postoperative pain-level decrease has been stated
regarding the postoperative course after total hip arthro-
plasty. We were not able to find data evaluating the course
of postoperative pain in the very early postoperative and
especially the rehabilitation care period.

While the lowest pain levels in the first postopera-
tive week were found on day 8 with an NRS of 2.3, these
increased to 2.6 on day 9. This may be caused by the
patient’s discharge into the rehabilitation unit coming along
with the beginning of an intense rehabilitation program on
day 9. This increased pain-level effect lasted for 3 days (day
9-11); pain levels of the eighth postoperative day were then
undercut with a steady decrease until the end of the observa-
tion 4 weeks after the surgical procedure.
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There are numerous studies evaluating pain scores at
baseline and at one single postoperative assessment 6 or
12 months after arthroplasty by comparing NRS scores,
demonstrating highly significant pain score decrease at this
stage [7, 8]. However, hardly, any studies mention the imme-
diate course of pain after the surgical procedure and in the
rehabilitation period, although this period is particularly
challenging for the patients to our experience and in the end
accountable for socio-professional reintegration.

Findings on the extent and timing of pain made during the
first 12 postoperative months show that most of the improve-
ments evolve within the first 3 postoperative months [9-19].
While several studies have found no or minor improve-
ments on pain levels after this period [9, 11, 13, 14, 18, 19],
improvements beyond this 3-month course have also been
stated [9, 10, 12, 15-17]. A few studies [12, 15-17] used
statistical tests to ascertain the existence of any change in
pain scores or developed continuous pain intensity evalua-
tion postsurgery like we performed in the study at hand. Our
results on improvements in pain after THA are consistent
with the previous studies, although we showed that most of
the recovery, measured by self-reported pain level, occurs
in the first few weeks and not months after arthroplasty [9,
11-14, 20].

Davis et al. [21] described a preoperative pain level of
NRS 9.4 and a decrease to NRS 3.9 6 months postopera-
tively, while function scores, which were not measured in
this study, significantly improved. Both preoperative and
6-month postoperative values are higher compared to our
results. Our results, however, show that the highest propor-
tion of pain decline can already be stated within 4 weeks
after the surgical procedure. Fitzgerald et al. [12] demon-
strated an improvement of “bodily pain” 4 weeks postop-
eratively, while physical function did not improve in this
time period. In this study, SF-36 pain values were com-
pared pre- and postoperatively. The approach of using the
SF-36 hinders the comparison to a couple of studies which
have used the NRS score. In a study of Lenguerrand et al.,
a highly significant decrease of patient reported pain was
stated for the time after 3 months postoperatively, with no
significant change in the course between 3 and 12 months. In
conclusion, the above-mentioned studies all show significant
decrease of pain scores which is consistent with our results.
Still, the close look onto very early postoperative pain scores
in our study shows that the peak of pain decrease can be
stated for the very first postoperative weeks. Therefore,
most efficient pain therapy is needed in this period includ-
ing adaptation of medication to patient reported pain levels,
also considering a possible pain increase at the beginning of
intense rehabilitation program.

The evaluation of potential influencing factors in three
different time intervals (71-73) was decisively influenced
by the fact that a considerable pain-level increase was shown
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on day 9 after total hip arthroplasty and will be discussed in
the following section.

In general, the study shows that more women (51.5%)
than men (48.5%) undergo implantation of hip endoprosthe-
sis. This observation correlates with the results of Schrader
et al. [22] who applied an arthroplasty gender distribution
for 2006 in Germany, in which total hip arthroplasty was
performed in 60.2% female and 39.8% male patients. When
analyzing sex as a potential predictor for postoperative pain
intensity, women did not show more pain than men after
THA. This comes up to the results of Mannion et al. describ-
ing no difference in postoperative pain between women and
men after 12 months [23]. This finding is contrary to the
results of some studies. Evidence of a gender-related rela-
tionship with postoperative pain, as described by Wiesen-
feld-Hallin [24], can be found in numerous studies [25, 26].
The cause is given by sociocultural, psychological, and
biological factors. Wiesenfeld-Hallin also postulates that
the female sex is more sensitive to pain than the male [27,
28]. Furthermore, Caicedo et al. [29] reported higher levels
of pain after arthroplasty in women due to higher rate and
severity of metal sensitization in women, which might be
immunologically preset.

The average age of our patient population of 64.7 years
is congruent with the results of the study by Schrader et al.
[22]. They found that 67.3% of hip endoprosthesis were
implanted at age 60-79. Age, in general, is considered a
major risk factor for the occurrence of hip arthritis. The
prevalence of this type of joint disease increases with age
and reaches a plateau phase in the seventh decade of life
[30]. Age was also examined in other studies as a possi-
ble predictor [26]. It is assumed that older patients, who
may already suffer from osteoarthritis complaints for a long
time, are more sensitive than younger patients in the sense
of pain memory in the postoperative course. For example,
Paladini et al. describe a decrease of pain tolerance in elderly
patients and, furthermore, point out the change in neuronal
sensation which might ask for different approaches to pain
management [31]. However, analyzing predictors, no cor-
relation between age and postoperative pain intensity could
be stated in this study.

Another decisive influence on the development of hip
osteoarthritis is a high BMI [32]. This risk factor is clearly
evident when comparing our study participants with the
German population. While, in the German population,
46.5% are of normal weight, only 22.3% of the patients col-
lectively reach the corresponding BMI between 18.5 and
25 kg/m?. The most striking example is the difference in a
BMI > 30 kg/m? and, therefore, speaking of obesity. Among
all participating patients, 31.1% were obese, whereas only
14.7% of Germans have BMI values above 30 kg/m2 [22].
Therefore, the BMI was also tested in the present work as a

possible parameter influencing the postoperative course of
pain, but no correlation could be found.

The duration of surgery as a possible cause of increased
pain intensity was also analyzed, as the duration of surgery
may reflect the difficulty of implantation. There may be
repeated resection of bone or more frequent insertion of
trial implants intraoperatively, which may affect postopera-
tive pain development. Nonetheless, this hypothesis finds no
support in the present evaluation.

When evaluating possible influence of the ASA score on
postoperative pain levels, no correlation was found. Comor-
bidities, which might influence the ASA score, do not seem
to effect pain in the postoperative course.

Finally, preoperative pain levels, both pain while resting
and moving, showed a highly significant correlation with
mean pain levels in the postoperative course. This may be
caused by a large variety of factors. First of all, pain memory
plays an important role in the further personal sensation of
pain for the individual patient. If pain has been non-bearable
before the operation for a long time, it may be more difficult
to ‘erase’ the pain memory of the brain even after having
removed the initial cause.

Then, pain may have negatively influenced the patient’s
live before surgery, resulting in, i.e., unemployment or social
isolation, therefore, inducing depression and anxiety. All
of these cannot just be eliminated by the operation as the
arthritis can be. The patient’s worries may even be wors-
ened, because it remains unclear to the individual how the
personal outcome is going to develop. In conclusion, this
may also lead to higher postoperative pain intensities. Davis
et al. [21] also reported, concordant to our results, preopera-
tive pain levels, and comorbidity to be significant predictors
for pain postoperatively, in this study, claimed for an interval
after 2-year postprocedure.

Limitations to be mentioned are first of all the restriction
on pain course for 4 weeks postoperatively. Possible exter-
nal influence factors on pain sensation in the postoperative
period, e.g., family, daily routine, and work, could not be
considered. However, this circumstance is a strength of the
study, as well, as all patients were treated in a standardized
inpatient-rehabilitation setting and before mentioned pos-
sible factors were not causing bias on pain in the evaluated
period. Furthermore, only patients treated in our own sta-
tionary rehabilitation unit were included due to organiza-
tional reasons—to be stated as a possible selection bias. As
most of our acute hospital patients, who are allowed to take
part in a stationary rehabilitation program by their assurance
companies, choose to stay for the stationary rehabilitation
program in our own department, this possible selection bias
should be reduced to a minimum.

Besides, results in our study are limited to pain evalu-
ation, functional scores or parameters were not assessed
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compared to other studies. However, the evaluation of func-
tional outcome was not the target of this work.

In the specific pain management setting as described in
this study, patients can expect the observed pain course. This
information can be either used to improve patient education
by explaining this information—*patient education”—or to
improve the pain protocol to prevent an increase of NRS
after discharge of the acute part of the medical treatment.

Conclusion

The present study demonstrates pain course after primary
hip arthroplasty within 4 weeks postoperatively and analy-
ses possible influence factors for pain intensity. Pain levels
decreased steadily on the days in the acute hospital (first
week), which showed an increase for 3 days with the begin-
ning of intense mobilization at the rehabilitation unit and
then a steady decrease until the end of the intensive reha-
bilitation phase (weeks 2—4).

Analgetic medication has to be administered according to
the patients’ information and needs, which is often not the
case, especially in rehabilitation units, where patients are
not able to attain the same medical treatment compared to
the acute hospital part.

High preoperative pain levels predict for higher postop-
erative pain intensity and vice versa. Other possible influenc-
ing factors such as age, sex, body mass index, duration of
surgery, or ASA score did not show a significant correlation.

Orthopedic surgeons have to take these findings into
account when preparing their pain management concept in
the future to improve patients’ satisfaction in the postopera-
tive course after primary total hip arthroplasty. Especially,
the pain peak after the first postoperative week with a new
pain increase might lead to confusion in many patients. The
occurrence of postoperative pain and the relation to time
should be clearly explained to patients before surgery.

In the future, studies should also take psychological
factors into account, as pain sensation of each patient is
individual.
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