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The SYNERGY? Hip System in Primary Total Hip
Arthroplasty: A Systematic Literature Review of

Clinical Outcomes

Overview

The systematic review was performed to evaluate and summarize
the current evidence on the clinical performance of the SYNERGY
Hip System.

Since its introduction more than 15 years ago, several studies have
reported positive clinical results with SYNERGY. In order to obtain a
more thorough understanding of this device’s performance, we
conducted a systematic review of the literature to collect data from
studies reporting implant survivorship estimates, cumulative
revision rates, and Harris Hip Scores (HHS) in patients receiving
SYNERGY in primary total hip arthroplasty (THA). In addition, we
also conducted a supplementary review of the most recent data

available from national joint registries. Read more on page 4
. . Pre-clinical Clinical
Design rationale study study

Economic
analysis

Level of evidence

Number of clinical studies

This review includes only Level IV evidence, and is therefore rated
fair. Although Level | randomized controlled trials (RCTs) are among
the studies used, only one arm of the RCTs was included. They
were therefore considered to be equivalent to case series and of a
lower level of evidence (Level IV).
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Number of
studies:

Study designs included:

Mean follow-up:
Mean lost to follow-up rate:

Mean age:
Most common reason for total hip arthroplasty:

Mean sample size (range):
Number of hips in study:

A systematic review of the literature found:

+ Low overall revision rate of 0.28% at 4.99 years mean follow
up (three studies with 355 hips reporting; all revisions related to
the femoral component)

+ Mean postoperative HHS of 89.6 (seven studies with 573 hips
reporting)

— Mean HHS improvement of 45.3 points from preoperative to
postoperative period

A supplementary review of registry data showed:

- Data on SYNERGY were available in the annual reports of four
separate national joint registries (12,599 devices in total).
Final revision rates/survival times were better than the
separate registries’ class averages in all six categories

- In conclusion, SYNERGY is safe and effective (confirmed by both
published clinical data and national joint registry data)
+ Need for additional studies:
— High-quality RCTs
— Greater than 10 years follow up
— Focus explicitly on the performance of the SYNERGY Hip System
- Consistent reporting of outcomes relevant to implant safety and
performance across studies
- Investigate outcomes for THA in indications other than
osteoarthritis
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Background

The SYNERGY® Hip System (Smith & Nephew, Memphis, USA,;
Figure la-b) was introduced in 1997 with design features
intended to improve clinical function in patients undergoing
primary THA, including:

- Three-point fixation (posterior proximally, anterior midway
down and posterior distally) to enhance stability

- Fins to provide enhanced rotational stability

- Two true dual offsets that provide a method of biomechanical
restoration without a change in leg length

- Circulotrapezoidal neck design to improve range of motion

Figure 1: The SYNERGY Hip System
(a) standard offset and (b) high offset versions
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A comprehensive systematic review of the published evidence
with SYNERGY, the first of its kind, was conducted to improve
our understanding of this device’s overall clinical performance.
The primary outcomes reviewed were cumulative percentage
revision rate and HHS.! These outcomes were selected because
all have time-established utility in evaluating the clinical
performance of hip implants. Furthermore, both implant survival
and HHS utilize a specific set of commonly used criteria and
therefore are ideal for comparing between studies.
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Methods

Clinical Studies

This review reports on clinical studies presenting data on the
use of the SYNERGY* Hip System for primary THA only. From the
250 potentially eligible studies identified from a literature
search by a content expert, 243 did not meet eligibility, leaving 7
eligible studies.?® (Figure 2).

All seven studies included in this review are considered case
series. Of these, six were carried out prospectively, indicating
that the majority of included studies were well suited to assess
prognosis. Although many of the studies in the current review
were of greater than Level IV evidence (e.g., some RCTs were
included), their research question(s) generally did not focus on
the outcomes of using SYNERGY implants. They focused instead
on unrelated variables (e.g., the surgical technique performed,
cement type used) associated with the use of the implant.
Therefore, for our purposes, such included studies are
considered to be Level IV case series, as only one study arm
was included or the study arms were considered independently
of one another.

Please refer to Appendix 1: Methods for further detail on the
eligibility criteria and literature search.

Registry Data

Supplementary to the literature search, the most recent annual
reports from the national joint registries that offer device-
specific outcomes were also reviewed. Registry data are not
subject to the same level of analysis as data found in the
published literature. They are only included to provide ancillary
information on SYNERGY, and are therefore presented
separately in the following analysis. The following exclusions
and inclusions were performed for this portion of the analysis:

o Excluded registry reports:

Denmark

National Joint Registry for England, Wales and Northern
Ireland

Norway

Slovakia

e Included registry reports
(provided device-specific revision rates):
- Australia®
- New Zealand™
— Registro dell'implantologia Protesica Ortopedica (RIPO)"
- Sweden'

METHODS

Please refer to Appendix 2: Results for further detail on how
outcomes are reported in the various registries, including the
separate methods employed to determine revision rates in the
Australian and New Zealand registries.

Figure 2:Literature Review
Studies identified
2 5 O Content experts: 109
Google Scholar: 141

Title/Abstract review

—

-220

-220 Excluded Studies

« Duplicate: 77
« Not relevant: 62

- Book, comments/letters on papers,
symposia, thesis, dissertation,

presentation: 19
+ Not English: 18
+ Small case study: 11

>

« Primary outcomes not included: 9
- Focused on secondary or revision

procedures: 7

« Did not use SYNERGY: 6
- Various implant types were used: 4

« In vitro study: 4

+ Animal study: 1

- Cadaver study: 1

+ Meeting abstract: 1

Full text review Articles
> > included
in review

—
-23

-23 Excluded Studies

« Various implant types were used (<80%
SYNERGY used), and the results were not
divided by implant type): 7

- Off-label combinations: 5

« Primary outcomes not included: 3

- Articulation type not specified: 2

+ Metal-on-metal articulation: 2

« Study population not primary THA: 2

- Book, comments/letters on papers,
symposia, thesis dissertation,
presentation: 1

- Reported on duplicate patient
population: 1
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Results pps-13

Study Characteristics
Study characteristics are summarized in Figure 3 with further
detail found in Tables 1.

Please refer to Appendix 2: Results for additional details on the
study results.

Figure 3: Study characteristics
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( Number of studies: 7

e Case series

Study designs included: ¢ Individual study arms taken from higher-quality studies,
considered equivalent to case series
% Mean follow-up: 4.6 years

Mean lost to follow-up rate: ~ 0.17%

Mean age: 64.7 years

Most common reason for total hip arthroplasty: Osteoarthritis
Mean sample size (range) : 81.9 hips (40 to 198)
Number of hips in study: 573 hips
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Results cont

Table 1: Study characteristics of the seven included studies

5 £
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3 g 5
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5 g | = . Sz 58 | 2
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= 2 _ © 2 5 o] s 2
E EZ8 § | E 2 B 22 | g
» » I = = b5 S 3 32 S
Most common: OA (72%),
developmental dysplasia (5%),
Pooled Means 81.9| 64.7 | 47.0 |femoral neck fracture (4%), - 4.6 017
(573) post-traumatic arthritis (3%),
AVN (3%), other (13%)
MacDonald et al. REFLECTION®
2010° 198 61.0(NR) 54  OA (100%) uncemented 6.7 (2-8.7) 0
A: REFLECTION
A 77.0 uncemented
. . A:20(0.3-2) A0
' A: 29 (NR) A: 28 (Roughcoat) : .
6 =
Relfeetel, 2 B33 B738 B33 'R B: REFLECTION ~ B:20(01-2) B3
(NR) uncemented
(StikTite)
20 64.3 All femoral neck fracture in one group  REFLECTION
3 —
Konan et al. 2009 20  (54-86) 50 Al OAin control group uncemented NR(2-5) 0
A:72.0
. A:15  (52-89) A 27 REFLECTION A:05(0.5) A0
7 0,
NETE) Gl 20D B47 B:710 .40 OA(100%) uncemented B:05(05 B0
(45-87)§
OA (64%), RA (3%), developmental
53.0 dysplasia (6%), AVN (17%), other
. oo
Nikolaod ef . 2012° 3  (20-64)0 500 (1%) REFLECTION 50 (0.25-5)= 0
32€ (415—56?1)€ 56€ o (59%), RA (3%), developmental uncemented 5.0(0.25-5)€ 0
dysplasia (6%), posttraumatic arthritis
(3%), AVN (16%), other (13%)€
. 58.9 REFLECTION
9 0 —
Whittaker et al. 2010 47 (40-86) 60  OA (100%) uncemented 6.4 (5-8) 0
OA (44%), development dysplasia
A:72.0 (Crowe 1-11, 25%), posttraumatic A: 34
Manzotti et al. 20115 A:48  (45-88) A:46 arthritis (17%), REFLECTION (0.60-6.3) A:0
' B:48 B:72.2 B:46 AVN (8%), sequelae of septic arthritis  uncemented B:3.3 B: 0
(48-86) (4%), sequelae of Perthes disease (0.70-6.4)

Please note that although some studies in the current review were of greater than Level IV evidence (e.g., some randomized controlled trials were included), their

(2%)

research question(s) generally did not focus on the outcomes of using SYNERGY*. They focused instead on unrelated variables (e.g., the surgical technique performed,

cement type used, etc.) associated with the use of the implant. Therefore, for our purposes, such included studies are considered to be Level IV case series, as only one

study arm was included or the study arms were considered independently of one another.
Cohorts are only identified in footnotes if considered to be important to the analysis. Otherwise, they are identified as cohorts A and B.
Abbreviations: AVN = avascular necrosis; NR=Not Reported; OA = osteoarthritis, RA = rheumatoid arthritis
tHydroxyapatite-coated SYNERGY used.
o Ultra-high-molecular-weight polyethylene liner used; € Highly cross-linked polyethylene liner used
*Percentages may not add to 100% due to rounding.
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Results cont

Cumulative Percentage Revision Rate of SYNERGY®
Hip System, as Reported in Three Published Studies

Out of 355 hips across three studies,*° the overall revision rate was

0.28% (all of which were related to the femoral component; Figure 4)
over a mean of 4.99 years follow up.

Figure 4: Revision Rate of SYNERGY Hip System in Primary THA (n=3)
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Results cont

Harris Hip Scores

Seven studies®? (573 hips) reported data on the HHS; six
studies*® provided both pre-operative and post-operative
scores, with all reporting an improvement over time in the
scores (Figure 5; Table 2). A score equal or above the
benchmark (80-100) after surgery is considered an indication
of good-to-excellent clinical outcome.!

Figure 5: Mean Increase from Preoperative to Postoperative Harris Hip Scores (n=7)
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Results cont

Table 2: Harris Hip Score from the seven studies that reported at least post-operative scores

o 2 5
Z " b
2 §_ g =
= o @ 8 @ =]
° $ 2 g 2 =
@ o < o < o
> = o o [= ox <
2 5 s$24 28 g
& = =T =T =
Pooled Weighted Means 81.7 43.4 89.2 45.3
20 NR 94.4 (7.73; 87-100) -
GCLELICE R 20 NR 97.6 (4.31; 92-100) -
MacDonald et al. 2010 198 42.3 (NR; NR) 86.4 (NR: NR) 441
. A: 48 A: 40.0 (4.63; 30-46) A: 89.7 (7.10; 72-100) A: 497
Maneehfa el B: 48 B: 39.8 (5.13; 32-48) B: 88.9 (7.51; 74-100) B: 49.1
: A:29 A:54.2 (11.09; NR) A: 913 (7.63; NR) A: 374
Naudie et al. 2013 B: 32 B: 44.8 (12.52; NR) B: 87.6 (7.15; NR) B: 42.8
. A: 15 A: 32.0 (13.0; NR) A: 85.0 (9.0; NR) A:53.0
Nawabi et al. 2010 B: 47 B: 42.0 (13.0; NR) B: 89.0 (11.0; NR) B: 47.0
. 36 471 (NR; 22-63) 87.9 (NR; 61-98) 408
Nikolaou et al. 2012 306 51.9 (NR: 23-90) 91.5 (NR: 63-100) 396
Whittaker et al. 2010 47 441 (1317, NR) 96.0 (5.30; NR) 51.9
Abbreviations; HHS = Harris Hip Score; NR = not reported; SD = standard deviation
Cohorts are only identified in footnotes if considered to be important to the analysis. Otherwise, they are identified as cohorts A and B.
FHydroxyapatite-coated SYNERGY* used.
o Ultra-high-molecular-weight polyethylene liner used; € Highly cross-linked polyethylene liner used
Outcome Vel 02 -No 01 - August 2015
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Results cont

Registry Data

Device-specific data with the SYNERGY® Hip System were pre-
sented by the various registries as either revision rates (Figures
6 & 7) or survival times (Figure 8). Data with SYNERGY were
available in the annual reports of four separate registries,’'
with findings on 12,599 devices in total. Revision rates and
survival times at final follow-up were below the separate
registries’ class averages in all six categories.

Figure 6: Australian Orthopaedic Association Tale HT13: Comulaie et Revsion o Fiman ol Convenon Hs esament with Cmndoss

Fixation
National Joint Replacement Registry, Annual Report 2014° g [0 s o we ww
ABGII ABGH 189 2928 18(14,24) 312538 413449 53(4562) 68(5879 101(74,137)

ABGil Trident (shl) 16213 240831 41G350 506260 6065072) 79(65,96)
Aecolade| i M GM6 160319 290532 380442 460152 596169
"ooe8 130625 190034

WS4 10118 230927 310638 366142 496258
65 @1 130126 508570 6905193 1388165

91 1695 282137 408251 504062 5504568 646279
B9 220433 300043 400856 100856

9 7% 050214 070316 100522 200,45

s 2k 160220 190424 200526

Vs 140824 160027 190231 210334

2 90 180129 240637 370455 50(375)

3780 140826 340350 380655 520773 594282
3 6 1901133 400759 440064 48(469 51G573)
41 170027 250735 300242 320344 390853
RS 050217 220238 2801745 402660 65(47,92)  65(7,92)
o7 2900 22(17,28 111(100,124) 266(250,283) 192 67.1,413)

7 sw 080321 150633

ST 3 1409220 220631) 282038 390953 S6(41.75)
513 2250 160417) 240227 310834 366241) 436959
6 %6 200433 370651 616779 906817

4100 250736 340447 362650 416056 4G261)
49 6 312049 496570 616584  68(51,92) 76(57,100)
s 200037

Bs0 200136

S 140728 170832 240349 330860

3% R 210530 300242

133780 1901425 240830 322539 406349 574269 8405118
69 200238 380073

4 s13 070220 100428

2 89 100519 160827 220435 270840 420961
55 508 320951 508473 66(47,92) 80(59,107) 10882 140)
S8 145 1901228 310343 403053 470661 53(4169)
3 99 170224 230534 230534

MO 6 190623 310637 320638

3 &6 150828 240539 340250 400758 476367
8 3R 210627 320640 350849 420352 44B555)
% 26 170223 280236 360845 46B7.57 6604783
3 1B 200330 342448 4002956

BT 031 210237

29 70 150318 250229 310736 376243 406547
1505200 120915 190623 240029 270232 36(143 478662
3318 1207,20 65062,81) 198(176,223) 29600,361)

S R 100714 140020 160222 220631 220631
4 78 150827 220435 320249 490568 76(54,108)
S5 817 160927) 310,45 453460 1567,99)

0 36 1601222 200830 290239

5 7605150318 230027 260330 310735) 436749 546564
S 163 110718 230633 250738

SO SM 180934 43@865 73(3100) 87(65117) 131098176
410 170126 240735 28Q041) 410956 436159
3 Sw 200442 410662 616387 8168112

Table HT13": Cumulative Percent Revision of Primary Total Conventional Hip Replacement with Cementless
Fixation

Femoral Acetabular N N
Component Component Revised Total

Synergy R3 70 3161 1.6(1.2,2.2) 2.4(1.8,3.0) 29(2.2,3.9)
Synergy Reflection (Shell) 265 7605 1.5(1.3,1.8) 2.3(2.0,2.7) 26(2.3,3.00 3.1(2.7,35 43(3.7,49) 5.4 (4.5, 6.4)

1Yr 3Yrs 5 Yrs 7 Yrs 10 Yrs 13 Yrs

Table HT2": Cumulative Percent Revision of Primary Total Hip Replacement by Class

Total Hip Class N Revised N Total 1Yr 3 Yrs 5 Yrs 7 Yrs 10 Yrs 13 Yrs
Total Conventional 11442 280522 16(1.6,1.7) 2.8(2.7,2.8) 4.0(3.9,4.1) 5.2(5.1,53) 6.8(6.6,6.9) 8.9(8.6,9.3)
Total Resurfacing [ 1170 15770 1.8 (1.6, 2.0) 33(3.1,3.6) 5.3(4.9,5.7) 7.5(7.0,7.9) 9.8(9.2,10.4) 11.6(10.6, 12.6)
Thrust Plate 12 258 0.8(0.2,3.1) 1.2(0.4,3.6) 39(241,7.4) 45(24,83) 6.2(3.511.1)

TOTAL 12624 296550

* Tables HT13 and HT2 are taken directly from the AOANJRR Annual Report 2014.
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Results cont

Figure 7: Revisions per 100 Observed Component Years with SYNERGY*, Identified by Acetabular Couple,
as Reported in New Zealand Registry™

3.0 [ REFLECTION Uncemented, 30 revised out
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0.31-0.66)
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Results cont

Figure 8. Kaplan-Meier Implant Survivorship Estimate of SYNERGY®, as Reported by Two Registries™"?
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0, 0, .
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does state that, “the proportion of total hip replacements to be
reoperated within two years diminished during the 1990s and
has since 2001 been about 2%."

RESULTS

. RIPO, SYNERGY/REFLECTION®
Uncemented; 13 revised out of 392
implanted (KM survivorship estimate at 5
years, 97.3% [95% Cl: 95.4-99.2), and
at 10 years, 94.0% [95% Cl: 90.5-97.4])

RIPO class average,
conventional THA; 2,391 revised
out of 59‘859 imp|anted Abbreviations: KM = Kaplan-Meier

(KM survivorship estimate at 5 years, 96.5%
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Discussion

Literature review

The main findings of the systematic literature review were as

follows:

« Mean revision rate of 0.28% after a mean 4.99 years follow up
from three studies (only one revision® from 355 hips) was well
below the benchmark for well-performing hip prostheses of
no more than 0.5% cumulative revision rate per annum
established by the UK National Institute for Health and Care
Excellence (NICE),® as were the individual revision rates
reported in all three of these studies. The previous NICE
benchmark established a benchmark of 1% per annum™

« The six studies (532 hips)*-® providing both pre-operative and
post-operative HHS showed mean improvements from 43.4
preoperatively to 89.2. A post-operative HHS above 80
indicates good outcomes with respect to pain, function,
absence of deformity, and range of motion following primary
THA

Vol 02 — No 01 — August 2015
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Registry data

The main findings from the four registries®? offering relevant
data, with up to 13 years of follow up in some cases, were as
follows:

+ SYNERGY® combined with both the R3° and REFLECTION®
Uncemented Acetabular System was below the class average for
cumulative percent revision at all available follow-up periods®

+ SYNERGY combined with REFLECTION Uncemented had a
revision rate per 100 observed component years well below the
overall class average'

« Kaplan-Meier survivorship estimates for SYNERGY/REFLECTION
Uncemented combination and for the SYNERGY alone was above
the class average at both five years and 10 years"

+ No class averages could be found in the latest report of the
Swedish Hip Arthroplasty Register. However, as the SYNERGY
has had no revisions to date (234 hips followed for up to two
years), it has the best possible performance for its specific
follow-up point™

Page - 14



Conclusions

When results from the peer-reviewed literature are considered
along with the results reported by the national joint registries
(12,599 cases), there is considerable evidence that SYNERGY
is safe and effective at follow-up periods of up to more than a
decade.

The SYNERGY® Hip System in Primary Total Hip Arthroplasty: A Systematic Literature Review of Clinical Outcomes

Strengths

A thorough and systematic review of the

literature was conducted using Google Scholar.

Using Google Scholar allowed for full text
searches, ensuring comprehensiveness.
Content experts also provided a list of relevant
articles.

High degree of external validity, with data from
seven different studies across a variety of
countries.

Limitations

There is a lack of high-quality evidence (Level |
randomized controlled trials).

Limited number of studies which focus
specifically on the outcomes of the implants of
interest.

Studies often used a variety of implants and
did not present the results according to implant
type, which excluded many studies.
Heterogeneity in outcome reporting across the
studies did not allow for pooling of the data for
some outcomes.

Collectively, these limitations suggest that
caution should be exercised when applying the
findings of this review to clinical decisions.

Outcome Vol 02 - No 01 - August 2015

Page — 15



Review at a glance

Generalizability

65 out of 100. All included studies considered patients who
underwent primary THA with SYNERGY®, allowing the findings to
be applied to a larger population with similar characteristics.
However, the wide variety of surgical techniques used,
indications for THA and fixation methods, limit the
generalizability of the findings.

Validity

30 out of 100. Systematic review of fair evidence, with somewhat
inconsistent reporting of outcomes across included studies.
Study questions often did not focus explicitly on the outcomes
of the implants of interest (e.g., they were focusing on surgical
technigue or cement type).

Timeliness
85 out of 100. This review assesses the survivorship, revision
rates, and Harris Hip Scores of SYNERGY used in primary THA

for varying indications. All studies in this review were published
within the past eight years (75% were published within the last
four years).

Importance

80 out of 100. The evidence is important in providing patients
and orthopaedic surgeons with information regarding the
successful clinical outcomes of SYNERGY. This information is
important since these implants have been in use for over 15
years, and this is the first comprehensive systematic review to
summarize the clinical results of this total hip prosthesis.

Strength

40 out of 100. Data from seven studies were included in this
study. The quality of evidence is fair. Meta-analytic statistical
analysis was only possible for select variables (study
characteristics, revision rates and Harris Hip Scores), due to
heterogeneity in the reporting of study outcomes.

Measure of quality

Generalizability —

Are the findings applicable to _—
multiple populations? "

Strength \
How large is the effect '\
seen in the results?

100

% o Validity

~_Are the results believable?

80

70

/’J

/ Timeliness

/’ Are the findings timely, do
they apply to current issues?

Importance
Are the findings important?

For detailed information see www.kleos.md/literature/background
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