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Bony hip reconstruction for displaced
hips in patients with cerebral palsy: Is
postoperative immobilization indicated?

John Amen'-2 Oliver Perkins?, Konstantinos Kafchitsas®'”,
Daniel Reed?, Fabian Norman-Taylor?, and Michail Kokkinakis?

Abstract

Purpose: Decisions for postoperative immobilization after bony hip reconstructive surgery in cerebral palsy are
controversial in current practice. The aim of this study was to check if choosing not to use any kind of postoperative
immobilization is a safe practice.

Methods: A retrospective cohort study was conducted in a pediatric orthopedic tertiary referral center. The study
included 148 patients (228 hips) with cerebral palsy, who had bony hip surgery. Medical records were reviewed for
incidence of complications, methods of pain control, and length of hospital stay. Three radiographic measures (neck-
shaft angle, Reimers migration index, and acetabular index) were performed on preoperative and postoperative X-rays.
X-rays were also checked for mechanical failure of implant, recurrent dislocation/subluxation, and fractures in the first
6 months postoperatively.

Results: In total, 94 (64%) were male and 54 (36%) were female. Seventy-seven (52%) were Gross Motor Function
Classification System V, mean age at surgery was 8.6years (2.5-18.4years). Length of hospital stay was 6.25days (SD
4.64 days). Medical complications that may have prolonged hospital stay occurred in 41 patients (27.7%). Radiological
measurements showed significant improvement postoperatively (p=0.001). Seven patients (4.7%) had another surgery
in first 6 months (three for recurrent dislocation/subluxation, three for implant failure, and one for ipsilateral femur
fracture).

Conclusion: Avoiding postoperative immobilization following bony hip surgery in cerebral palsy is a safe practice and
associated with reduced rate of medical and mechanical problems compared to the current literature. This approach
should be utilized with optimal pain and tone management.
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Introduction

Hlp dysplasia is the second most common musculoskeletal 'Division of Paediatric Orthopaedics, Department of Orthopaedic

problem (after equinus) in children with Cerebral Palsy
(CP) with an overall incidence of 35% (nearly one in
three).! Its incidence has an incremental relationship with
the level of gross motor function, ranging from 0% for
children with GMFCS level I to 90% for those with
GMFCS level V.17 The cause of hip displacement in CP is
not entirely clear, but the hip is usually normal at birth.
High hip joint reaction forces and abnormal orientation
of force vectors are relevant and place an abnormal force
on the acetabulum causing its deformation. Positioning
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particularly side-lying as well as impaired proprioception
is also a contributing factor.>*

If left untreated, the hip will exhibit progressive lateral
displacement, subluxation, dislocation, and degenerative
arthritis. Displaced hips ultimately result in sitting diffi-
culty and pain. Other reported issues caused by untreated
hip displacement are difficulty with perineal care and
hygiene, pelvic obliquity, and scoliosis.? The decision for
surgical intervention is based mainly on Reimers’ migra-
tion index (RMI) and acetabular index (Al).’ Forty percent
(40%) migration is considered by many surgeons as the
threshold for intervention while 30%-40% is a controver-
sial area.® Forty-six percent (46%) migration was defined
by Wordie et al.” as “the point of no return” and considered
as a strong indication for hip reconstructive surgery as
the hip would not spontancously regress. Most surgeons
nowadays perform combined pelvic osteotomies with
varus proximal femoral osteotomies to reduce recurrence
of hip displacement as well as to facilitate remodeling and
joint congruency,® while others base the decision for pelvic
osteotomy either on arthrographic instability’ or on an Al
greater than 34°.!° The decision to proceed to open reduc-
tion is another controversial area with some surgeons car-
rying out this routinely,!! while others only when there is
insufficient containment following a closed reduction.'?

There is currently no consensus in the literature about
the optimal postoperative immobilization and rehabilita-
tion after hip reconstructive surgery in CP.

In a recently published survey of 28 pediatric ortho-
pedic surgeons from nine different countries about their
preferred method of postoperative immobilization,
86% (24/28) recommended immobilization. Noteworthy,
they reported use of seven different methods of immobili-
zation, and they would choose increased immobilization
with increased patient complexity, for example, Gross
Motor Function Classification System (GMFCS) V,
bilateral surgery, and open reduction. Similarly, return to
weight bearing and physiotherapy recommendations
were variable.'> Methods of postoperative immobilization
following reconstructive hip surgery includes hip spica
cast—which is the most common method reported in the
literature, short leg casts and anti-rotation bar, bilateral
knee immobilizers with or without an abduction wedge,
abduction wedge only, abduction brace, and abduction
Petrie cast.'

Although we know that the surgery itself has a positive
influence on health-related quality of life,'* the impact of
the postoperative protocol is not well reported in the litera-
ture. Considering the variability in current practice and
lack of evidence, we aimed to record the complication rate,
either medical or mechanical, associated with immediate
postoperative mobilization. We retrospectively reviewed
our cohort of patients with neurodisability disorders who
underwent bony hip reconstruction, followed by immedi-
ate postoperative mobilization (no hip spica, brace, abduc-
tion pillow, etc.) The primary objective was to record any

mechanical failures of hip reconstruction (implant failure
and subluxation) within the first 6 months postoperatively
that could be attributed to lack of immobilization. Second
aim was to document the rate of other complications and
compare it to the current literature to see if they are within
the expected rate, which is what we consider as “safe.”
Our hypothesis is that immobilization is not indicated rou-
tinely after hip reconstructive surgery in patients with
cerebral palsy, and this is considered to be a safe approach.
In addition, immediate mobilization can avoid complica-
tions related to spica cast and other sorts of postoperative
immobilization.

Patients and methods

We retrospectively searched the database of our pediatric
orthopedic—tertiary referral center, looking specifically
for neuromuscular patients who have had hip reconstruc-
tive surgery in the last 12years (from August 2009 to
August 2021). The inclusion criteria were as follows:
(1) patients with confirmed diagnosis of CP or equivalent
neurologic condition, (2) bony hip surgery in the form of
proximal femoral osteotomy = pelvic osteotomy % open
reduction in the specified period, (3) available medical and
radiographic records, and (4) a minimum clinical and
radiological follow-up of 6 months. Revision hip surgery,
that was done more than 2 years after primary surgery, was
considered to be a separate episode and was included in
the study. We excluded patients with CP who had only soft
tissue releases or salvage hip procedures and patients with
diagnoses other than CP, for example, developmental dys-
plasia of the hip (either isolated or concurrent with CP),
Legg—Calvé—Perthes disease, avascular necrosis of the
hip, slipped upper femoral epiphysis, trauma, Down syn-
drome, and others.

Data were collected from a single pediatric ortho-
pedic—tertiary referral center and operations were per-
formed by three different full-time pediatric orthopedic
surgeons. An open reduction of the femoral head, via
Smith Peterson approach, was usually carried out when
the RMI was greater than 90% (local criterion to define
complete hip dislocations). Proximal femoral osteotomies
were performed via lateral sub-vastus approach with vari-
sation, shortening, and de-rotation of the proximal femur
and fixed with pediatric hip locking plates from two dif-
ferent companies (Orthopediatrics, Warsaw, IN, USA or
Synthes, West Chester, PA, USA). The surgeons (D.R.,
FN.T.,, and M.K.) aimed for a final Neck-Shaft-Angle
(NSA) of 110°, final Femoral-Neck-Anteversion-Angle
of 0-10°, and shortening depending on the case. A Dega-
like osteotomy (posterior acetabuloplasty) was the method
of pelvic osteotomy performed. The main indications
to proceed to a pelvic osteotomy were an Al>27°,
RMI>50% or on-table instability. All operations were
carried out under general anesthesia and additional epi-
dural/caudal or nerve blocks and/or local anesthetic
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infiltration were also performed as decided by the anes-
thetist and surgeon on a case-by-case basis.

We reviewed the patient demographics (sex and age at
time of surgery), GMFCS level, postoperative mobiliza-
tion versus immobilization, length of hospital stay, and the
intraoperative use of nerve blocks/local anesthetics. We
were not able to assess patient’s postoperative pain objec-
tively due to lack of thorough documentation (particularly
in the patients treated in the early years of the studied
period). Since patients were discharged from hospital
when they deemed comfortable, we used the length of hos-
pital stay as an indirect measure of pain management. We
also investigated delayed discharges (more than 5 days)
due to pain control issues. Complications in the immediate
postoperative period (6 months following surgery) were
also recorded.

Hip radiographs were done in a standardized position
with pelvis and hips in a neutral position (neutral rotation
and add/abduction), pillows and wedges were used for
support. Three radiographic measurements were obtained
for each hip including NSA, RMI, and Al preoperatively.'>
Postoperatively, NSA and RMI were measured for hips
that had proximal femoral osteotomy. Likewise, Al was
assessed postoperatively only for hips that had pelvic oste-
otomy. All measurements were made by a suitably trained
pediatric orthopedic fellow (J.A.) on both pre- and post-
operative standardized X-rays of both hips (AP view).
Postoperative X-rays were usually taken in the first
2 weeks after surgery. Follow-up hip radiographs were also
scrutinized for any evidence of metalwork failure and/or
early recurrent dislocation/subluxation in the first 6 months
postoperatively that required revision surgery.

Results

Our retrospective search retrieved 197 patients. Forty-nine
(49) patients were excluded, and 148 patients (228 hips)
were included in the study, 80 bilateral and 68 unilateral.
Causes of exclusions are highlighted in flowchart
(Figure 1). Ninety-four patients (64%) were male and 54
(36%) were female. Mean age at the time of surgery was
8.6years (range: 2.5-18.4years). Bilateral cases had both
hips treated in the same operating session. One-hundred-
and-twenty-one (121) hips had isolated proximal femoral
osteotomy, 56 hips had proximal femoral and pelvic oste-
otomies and 51 hips had open reduction, proximal femoral
and pelvic osteotomies performed. One-hundred-and-
thirty-one (131) patients (87.2%) had a formal diagnosis of
cerebral palsy and 17 patients (12.8%) had other neurologi-
cal conditions considered equivalent to CP with the list of
diagnoses outlined in Table 1. The patients had a range of
GMECS levels, with the majority (52%) being GMFCS V.
Additional anesthetic choices intra-operatively (in addition
to general anesthetic) included regional anesthetic in
94/148 patients, local anesthetic infiltration in 10/148
patients and both in 6/148 patients. This information was

Initial database search
retrieved: 197 patients

N

Included patients Excluded patients with reasons,
n=148 n=49:

o Follow up <6 ms

« Derotation osteotomy

o Distal femoral osteotomy

« DDH in CP patient

o Salvage surgery 1

@ RN W

]

Insufficient records 1
Other Diagnoses: skeletal
dysplasia, DDH, chromosomal

abnormalities 8
o Anterior hip dislocation and
abduction contracture 2

Figure |. Flowchart of included and excluded cases.

Table 1. Patient and disease demographics.

Patients No. (%)
Male 94 (64%)
Female 54 (36%)
Surgeries*
PFO 121 (53%)
PFO + PO 56 (24.6%)
PFO + PO + OR 51 (22.4%)
Conditiont
Formal diagnosis of CP 131 (88.5%)
Other neurologic conditions 17 (11.5%)

Hypoxic brain injury |
Hypoxic ischemic encephalopathy |
Hereditary spastic paraplegia |
Corpus callosum agenesis |
Muscle eye brain disease |
“Undiagnosed neurological condition” 2
Bifrontal polymicrogyria |
Generalized dystonia of congenital |
onset of unknown cause

Spinal muscular atrophy type 3 |
Global developmental delay with |
four-limb motor disorder

Aicardi-Goutierres syndrome |
Progressive leuko-dystrophy of |
unknown cause

Rhett’s syndrome |
Angelman syndrome |
Congenital muscular dystrophy with |
cerebral/cerebellar anomalies

Mitochondrial cytopathy |

GMFCS levelt
| |
Il |
11l 13 (8.8%)
\% 37 (25%)
\'% 77 (52%)
Not formally categorized 19 (12.8%)

“Per hip (/228).

Per patient (/148).

PFO = proximal femoral osteotomy, PO = pelvic osteotomy, OR =open
reduction.
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unavailable in 33 cases (22.3%) due to anesthetic chart/the
information not being recorded.

All patients were allowed to mobilize immediately
after surgery without any restriction, and we did not use
any sort of immobilization (cast or brace). Patients were
nursed in bed in the most comfortable position, and legs
were supported with pillows if needed. They were allowed
semi-setting and setting in bed, gentle turning on either
side, as well as moving the hips for perineal hygiene.
Physiotherapists and occupational therapists reviewed the
patients while in ward to start practicing sliding transfer,
mobilization from bed to chair, and hoisting. Ambulatory
patients were allowed partial weight bearing or non-weight
bearing according to the surgeon discretion. Community
physiotherapists continued the same plan after discharge.
According to bone healing after 6 weeks, ambulatory
patients were allowed to progress in weight bearing while
non-ambulators were allowed starting standing frames if
they were using it preoperatively. Having no cast or brace
allowed easier inspection of wounds, epidural entry sites,
and pressure areas, as well as easy access to PEG (percuta-
neous endoscopic gastrostomy) for patients who used it for
feeding. The pain management postoperatively included
epidural infusion for the first 48 h followed by Patient- or
Nurse-Controlled Analgesia, oral opiate analgesics, and/or
paracetamol and non-steroidal-anti-inflammatories. This

Table 2. Postoperative complications leading to prolonged
hospitalization (>5 days) and their frequency.

Complications postoperatively No. of patients (%)

Chest infection 13 (8.8%)
Urinary infection 4 (2.7%)
Surgical site infection 4 (2.7%)
Pressure sore/tissue viability issue 2 (1.4%)
Pain control issues 2 (1.4%)
Constipation/diarrhea/vomiting 6 (4%)
Failed removal of catheter I (0.7%)
Infection unknown source 6 (4%)
lleus 2 (1.4%)
Anaphylaxis I (0.7%)
Total 41 (27.7%)

In

Table 3. Pre- and Postoperative (first 2 weeks) “radiologica

was our standardized protocol that was implemented and
modified by our pain specialist if necessary, according to
each case individually. Patients were discharged when
they were comfortable sitting and transferring without opi-
ates and medically stable. Patients were reviewed routinely
by our pediatric neurologist preoperatively and postopera-
tively if needed, where tone management plan was usually
developed—which may include adjustment of the rate of
baclofen pump, epidural administration of fentanyl/cloni-
dine, and use of additional antispasmodics perioperatively.
Oral antispasmodics were added to pain killers on dis-
charge whenever needed. The average length of hospital
stay was 6.25days (SD 4.64 days). Postoperative compli-
cations in 41 patients (27.7%) that may have caused pro-
longed hospital stay are summarized in Table 2.

Radiological measurements preoperatively were com-
pared to postoperative values using Wilcoxon-signed rank
test and all showed significant change postoperatively
(»=0.001). Minimum, maximum, median, and p-values
are summarized in Table 3. Range of postoperative neck
shaft angles is also illustrated in Table 4.

Seven patients (4.7%) required revision surgery for
complications within the first 6 month postoperatively:

e Three patients had revision surgery for recurrent
dislocation in the first 6 weeks postoperatively.
Two patients required revision surgery and hip
spica application as the hip felt unstable intra-oper-
atively, and the third patient also received revision
surgery, but did not need a form of postoperative
immobilization after surgery as the hip felt reduced
and stable. Root cause analysis revealed inadequate
surgical correction of NSA and/or Al to be the
cause of recurrent dislocation.

e Three patients required revision surgery for metal-
work failure (screw breakage, plate pull-out) at
3 months follow-up, and all three of them had severe
uncontrolled dystonia that was difficult to be man-
aged medically. This number was not high enough
for the authors to change their practice. However,
spica cast immobilization for uncontrolled dystonic
patients could be justified.

measurements of the affected hip joint in all included patients.

Pre-op Post-op p-value

Minimum Maximum Median Minimum Maximum Median
Neck-shaft angle right 109 178 156 86 137 16 0.001
Neck-shaft angle left 93 179 156 80 144 114 0.001
Acetabular index right 9 50 26.5 I 37 20 0.001
Acetabular index left 8 50 26.5 I 37 20 0.001
Reimer’s migration right 0 100 43.5 0 68 0 0.001
Reimer’s migration left 0 100 42 0 75 0 0.001
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Table 4. Range of postoperative neck shaft angle (NSA).

Postoperative NSA (°) No of hips (%)

=100 31, 13.6%
10l to =110 47, 20.6%
Il to =120 77, 33.8%
121 to =130 58, 25.4%
=K} 15, 6.6%

e One patient had an ipsilateral supracondylar femoral
fracture 5months post-surgery that was managed
with open reduction and internal fixation as the
proximal fragment was tethering the skin.

Discussion

Although there is a relative agreement currently among
surgeons on the surgical management of hip dysplasia
in patients with cerebral palsy, postoperative protocols
and in particular the need for immobilization after sur-
gery are still debatable. Fully or partially removable
immobilization may allow easier hygiene or permit the
patient to sit and initiate rehabilitation therapy within
days of surgery.!® Proponents of hip spica may argue that
it has advantages of surgical wound protection, reduced
motion at the osteotomy site(s), mitigating hip flexion
contractures, protection of osteotomies in patients with
relative osteopenia, and possibly reducing postoperative
pain. However, there is no strong evidence in the litera-
ture to support these benefits. Furthermore, hip spica is
not without its own complications—which include skin
sores, disuse-mediated osteopenia causing fractures, joint
stiffness, among others.'®

Postoperative hip spica is considered mandatory after
open reduction in DDH due to the inherent instability of
the hip joint within the dysplastic acetabulum.!” This is
not the case in neurogenic hip dysplasia (NHD) due to
different pathophysiology of the underlying condition. For
children with CP, the acetabulum is usually capacious
and should be reshaped and redirected to achieve on-table
stability, whereas this is more difficult to achieve in DDH.
Also, children with DDH are likely to try to get up. The
children with CP are older and more cautious and fre-
quently unable to move—either due to the underlying lack
of active movement or the post-op spasticity and dystonia.
With the increased awareness of hip spica cast complica-
tions in DDH, several studies reported protocols to either
decrease the cast size or duration as an attempt to lessen
these risks.'®!” Applying the same principles, and in view
of'the different patho-anatomy, we think it is in the patient’s
best interests to avoid any sort of immobilization follow-
ing hip surgery in patients with CP.

In our retrospective cohort study, we demonstrated
that immediate mobilization postoperatively is a safe and
effective approach. The complication rate is comparable

or even less than other types of immobilization. Lubicky
et al.?° studied the difference in complication rate between
casted and non-casted CP patients undergoing hip recon-
struction, but the groups were not identical in number or
in patient characteristics. They found the complication
rate was higher in the casted group, but this did not reach
statistical significance. They also reported skin sores in
43/286 (15%), in the casted group, that were managed
conservatively, apart from three cases that needed hospi-
talization but not surgical management.’’ Ruzbarsky
et al.?! also reported decubitus ulcers in 3/61 (4.9%) and
Pisecky et al.?? counted superficial skin lesions in 7/83
(8.4%). When compared spica cast and abduction pillow,
Vasconcellos et al.?* reported incidence of pressure sore
associated with abduction pillow especially over bony
prominences and from pillow straps. In our series, we have
had 2/148 (1.3%) rate of skin sores that were managed by
tissue viability team and did not need any intervention.
4/148 (2.7%) developed superficial wound infection and
all managed with wound care and antibiotics, and no cases
needed open washout and drainage. Our results confirm
that no immobilization is in fact protective to the skin
against pressure sores.

In their cohort of 61 non-ambulatory CP patients (93
hips), Ruzbarsky et al.?! found spica cast immobilization
to be a risk factor to all complications. Decubitus ulcers,
heterotopic ossification, and severe pain were directly
related to the cast, but the distribution of femoral fractures
was mostly equivalent among the spica and non-spica
groups (four in each).?! Nevertheless, other authors
reported higher rates of fractures in patients managed in
spica cast after hip surgery. Sturm et al.>* reported 6/21
(29%), Mubarak et al.> reported 1/11 (10%), and Pritchett?®
reported 9/50 (18%) rate of fractures in the postoperative
period which could be attributed to immobilization-related
disuse osteopenia. However, Miller et al.,”” who allowed
immediate mobilization, had only 2/50 (4%) fractures. In
our cohort, we had only one patient (0.67%) sustained
femur fracture 4 months after surgery. Our results, in line
with the literature, can conclude that immediate mobiliza-
tion is in fact protective against fractures.

Pisecky et al. retrospectively analyzed the complication
profile in patients undergoing hip reconstructive surgery
for DDH, NHD or Perthes disease and a spica cast post-
operatively for 6 weeks. In NHD group, they reported
spasticity of hip adductors in 3/23 (13%) and of knee flex-
ors in 1/23 (4%) that was associated with the use of the
spica cast.?? In our series, spasticity was not recorded as a
cause of prolonged hospitalization. Our patients may have
had a degree of spasticity that was managed by medication
according to our protocol. The authors think that spica cast
or other immobilization devices may itself trigger spasms
and dystonia.

Postoperative pain management in patients with CP can
be a challenge, especially when the patient has communi-
cation difficulties. Pedersen et al.?® found that epidural
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analgesia is superior to local anesthetic infiltration after
unilateral hip reconstruction in CP. Our pain management
protocol mentioned earlier seemed to be effective and to
echo their results. In our series, two patients (1.3%)
had problems with pain management that led to prolonged
hospital stay. However, this result may not be an accurate
measure of pain postoperatively as other patients may have
had pain that was not severe enough to require prolonged
hospitalization. In addition, patients who had prolonged
stay for other reasons may have had concomitant pain as
well. We believe that this percentage does not justify
immobilization postoperatively.

We have had seven cases (4.7%) of mechanical failure
needing revision surgery, which can be attributed to other
factors, namely, inadequate surgical correction of NSA
and/or Al and severe dystonia that was evident pre-
operatively and difficult to control medically, rather than
the lack of immobilization. Our practice is similar to
Beauchesne et al.?? and Miller et al.”” who allowed imme-
diate mobilization after surgery and limited use of postop-
erative hip spicas (for concurrent DDH and unstable hips
intra-operatively). Beauchesne et al.?” reported two cases
(2%) of mechanical failure which they attributed to techni-
cal errors. Both authors used AO fixed angle blade plate
while we used proximal femoral locking plate. We assume
therefore that fixed angle implant is mechanically stable
and does not need protection by external support. Rutz and
Brunner*® found no significant difference between the AO
blade plate and the proximal femoral locking plate regard-
ing fixation and correction of the neck-shaft angle, apart
from faster consolidation with proximal femoral locking
plate. They used spica cast or abduction brace, only for
3weeks, when open reduction is added to femoral and
pelvic osteotomies and in patients with poor bone quality.
Up to our knowledge, Miller et al.,>” Beauchesne et al.,?’
and Rutz and Brunner® are the only studies in the litera-
ture that allowed immediate mobilization postoperatively.

In their case series, Tabaie et al.>' compared the compli-
cation rate of three different types of immobilization after
hip reconstruction in CP, namely, hip spica, Petrie cast, and
abduction pillow. Likewise, Vasconcellos et al.?> com-
pared hip spica and abduction pillow. They both did not
find a significant difference in complication rate between
groups and recommended use of less restrictive types of
immobilization. Interestingly, both studies found a signifi-
cant difference in patient age, height, and weight between
groups, which may reflect surgeon preference to avoid
spica cast in older, taller, and heavier patients.

Our study is not without limitations. Its retrospective
nature, being a single center study and lack of control
group may make it open to criticism from proponents of
hip spicas. Cost analysis and savings investigations were
not done. No objective pain score was used, and we also
did not obtain formal feedback about the experience of the
parents/carers, the ward nurses, and allied health profes-
sionals. Although our radiological measurements showed

significant change, which may confirm obtaining the
desired surgical correction, but they were done by a single
investigator, and we did not assess inter- and intra-observer
reliability of measurements. Tone was not noted for study
population as the information was lacking from our
records. Our study also lacks long-term follow-up as it
would be illogical to expect the effect of a hip spica to last
more than 6 months. In fact, there are many confounding
factors that contribute to failure of hip reconstruction in
CP children, like age at index surgery, GMFCS level,
preoperative migration percentage and neck-shaft angle,
and concomitant correction of acetabular dysplasia.*?
Zakrzewski et al.3 suggested over-containment for high-
risk patients to decrease recurrence rate. In previous stud-
ies, postoperative immobilization was not considered as
one of the factors contributing to long-term recurrence and
we believe this needs to be addressed by future studies. A
prospective randomized control trial would be needed to
improve on our data. We do not however believe that there
would be sufficient equipoise to justify it in the light of
evidence that we present here.

Conclusion

In this article, we have demonstrated that immediate post-
operative mobilization is a safe approach and can decrease
the rate of complications for patients with CP and similar
conditions. It also improves skin care and does not increase
the likelihood of postoperative fractures. We recommend
this protocol to be embarked on under umbrella of optimal
tone and pain management.
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