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Abstract

Background. Multi-layer spiral computed tomography shows that the main cause of shoulder instability is glenoid
cavity bone defect. The aim of our research was to assess the effectiveness and safety of biodegradable implants in
the treatment of patients with chronic posttraumatic anterior shoulder instability under conditions of bone defect of
glenoid cavity margin by the restoration of anatomic shape and structure of scapula articular surface.

Materials and methods. We performed a pilot study based on the results of surgical treatment of 7 patients using
4.5 mm biodegradable compressing screws. In preoperative period, all patients had standard two-dimensional X-rays
and MSCT with 3D-reconstruction. In postoperative period, all patients had check-up X-ray right after the surgery and
MRI in 3 months after the surgery.

Results. The results of the treatment were assessed by common clinical criteria, functional criteria, X-ray evidence and
intra- and postoperative complications. We registered strong functioning of an arm and an increase in the range of
motions. Data from Rowe/Zarins and DASH questionnaires showed that the patients totally recovered. X-ray evidence
showed consolidation of non-free autograft to the zone of scapula bone defect without osteolysis or widening of a
drilled hole. We did not observe either a failure of union, or any formation of false joint, or any screw fractures in bone
tissue. Beyond that, we did not observe any complication in postoperative period and early postoperative complica-
tions in particular.

Conclusion. Pilot study with use of modern biodegradable implants in osteoplastic stabilization of shoulder joint at
recurring instability showed their effectiveness and safety in patients of young and active working age. However, con-
sidering small number of patients in pilot study we cannot extrapolate our results to all similar and analogue cases of
using biodegradable implants. In this regard, it is necessary to perform major multicenter clinical randomized study
for further long-term observation and detection of possible unwanted side effects.
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Pesrome

O6ocHosanue. [1o danHbim MCKT-06caedosaHust nayueHmos, 0CHO8HOU npu4uHol, npugodsiujeli K HecmabuabHOCMU
n/e4eg8020 cycmasa, s18/1s1emcst Kocmwliii deghekm anadutvl1onamku. Lleaws uccaedosanusi: oyeHums aghgpekmusHocms u
6e3onacHocmbs npuMeHeHus1 6uodezpadpyemblx UMNAIAHMOB 80 8pems pukcayuu Heceo600Ho020 aymompaHcnaaHmama
npu ie4eHuU nayueHmos ¢ XpoOHU4eckol nocmmpasmamu4eckoli nepedHeli HeCMabUALHOCMbIO N/1e4e8020 cycmasa
8 yC/108UsIX KOCMHO20 dehekma Kpasi naduHbl 10NAMKU Nymém 80CCmMaHoB8.1eHUs1 AaHamoMuyeckoll popmbl u
cmpyKkmypbl CycmagHoll nogepxXHocmu A0NAMKuU.

Mamepuasvt u memodsl. Hamu npogedeHo nusiomHoe ucciedosaHue, 0CHOBAHHOe HA pe3y/1bmamax onepamusHozo
J1eveHust 7 nayueHmos ¢ Ucno.1308aHueM 4,5 mm 6uodezpadupyembix KoMnpeccupyrowux suHmos. Bcem nayuenmam e
npedonepayuoHHOM nepuode 8bINOAHIAUCL CMAHAAPMHbIE PEHM2EHO2PAMMbI 8 08YX NPOEKYUSIX U MYAbMUCNUPANLHAS
momozpagus ¢ 3D-pekoHcmpykyuell naevegozo cycmasa. B nocaeonepayuorHHom nepuode 8cem nayueHmam cpasy
nocze onepayuu 8bINO/IHANACL KOHMPOJAbHASI peHM2eH02pagdusi 0Nepupo8aHHO20 NJAEYe8020 Cycmasa, a cnycms
3 mecaya nocae onepayuu — MPT-ckanuposaHue.

Pesyabmambl. OyeHka pe3ysbmamos Xupypauyeckozo Je4eHust NayueHmoea ocyujecmeasndachb no cAedyroujum
Kkpumepusm: 1) obwekauHuveckue kpumepuu; 2) oyHKYuoHabHule kpumepuu; 3) peHmeaeHo102u4ecKue pe3yasmamabl
Xupypau4eckozo sieveHust; 4) uHmpa- u noceonepayuoHHble 0CA0xHeHUsl. Pezyibmambl daHHbIX onpocHukos Rowe/
Zarins u DASH ceudemesibcmaytom 0 noAHOM 80CCMAHOB8/1EHUU NAYUEHMO08 U UX adanmayuu K n08cedHeaHotl HCU3HU.
Penmeenoi02uyeckue daHHble NOKA3AAU KOHCOAUAAYUIO HEC80600HO20 aymOmMpaHCNAaHmMama K 30He KOCmHO20
degpekma sionamku 6e3 0cmeo1U3a UAU pacuupeHus 8biceep1eHH020 omeepcmust. Hamu He 8bisieneHbl HecpaweHust

100 Traumatology


https://core.ac.uk/display/200878117?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

ACTA BIOMEDICA SCIENTIFICA, 2018, Tom 3, Ne 6

u cay4au GopMupo8aHust A0HCHO20 Cycmaga Hece0600HO20 AymMompaHcn/aaHmama, d makyce nepesioma 6UHMo8
8 KocmHolU mkaHu. Takace He 6bl10 8blI8/1€HO HUKAKUX OC/A0MCHEHUU 8 N0C/Ae0nepayuoHHOM hepuode U paHHUX

nocsieonepayuUoHHbIX 0C/NI0JHCHEeHULl 8 YGCMHOCMU.

3akawueHue. [lusomHoe ucciedos8aHue ¢ NpuMeHeHUeM CO8pPeMEeHHbIX buodez2padupyembvlx UMNAAHMO8 npu
KOCmHO-n/acmuyeckoll cmabuau3ayuu nje4egoz2o cycmasda npu peyuougupyroweli HecmabuabHocmu Haz/As10HO
npodeMoHCMpuUpo8a1o e2o 3P HeKmueHOCmMb U 6€30NACHOCMb Y NAYUEHMO8 M0/100020 U mpydocnocobHo20 803pacma.
Tem He MeHee, yuumbleasi He6o1buoe KOAU4ecmao NayueHmo8 8 NUJI0MHOM UCCAe008AHUU, HEBO3MONCHO NOJIHOCMbIO
3KCMpanoupo8ams e20 pe3y/1bmambysl Ha 8ce CAyYAauU UCNO01b308aHUSs 6uode2padupyeMbiX UMNAAHMO8. B cesizu c amum
0151 00120CPO4HO20 nocaedyrowe2o HabAt00eHUs U 8bls18/1€HUSL 803MONCHBIX HEHCEAAMEAbHBIX N0604HbIX 3 hekmos
He06Xx00uMo npogedeHue MacumMabHbIX MHO20YEHMPOBbIX KAUHUYECKUX PAHOOMU3UPOBAHHbBIX UCC1e008aAHUT.

KniouyeBbie cnoBa: nne4eBoii cycras, HecTabuibHOCTb, Xupyprun4deckoe ie4deHume, 6M0aerpaumpyeMb/e NUMMaHTbl

Juia nutupoBanusa: MonacteipeB B.B,, [Iycea M.3., [loHomapenko H.C. Haul nepBbI# ONBIT IpUMeHEHUS
6uo/lerpajupyeMbIX UMIJIAHTOB IPU XUPYPrUYeCKOM JieHeHU Y XPOHUYECKOM IOCTTpaBMaTU4YeCKOH nepe/-
Hell HeCTaGUJILHOCTH I1JIeYeBOro cycTaBa 1o MeToAuke bpucrtoy - Jletapke. Acta biomedica scientifica,
2018, 3 (6), 100-106, DOI 10.29413/ABS.2018-3.6.14.

BACKGROUND

By “chronic posttraumatic shoulder instability”
we mean repeated episodes of shoulder dislocation
due to the complication of acute traumatic dislocation
and causing joint dysfunction [2, 3, 9, 12]. Main reason
of recurring shoulder dislocation is primary injury of
bony margin of anterior glenoid cavity, which occurs
in 67-91 % of cases according to various estimates [5,
6, 10, 14, 15]. In course of time, this injury causes bone
fragmentlysis and consolidation of the remained fragment
with scapula articular process in malposition. The latter
predetermines formation of different-sized bone defect of
scapula articular surface. Area of a bone defect is directly
proportional to the number of micro-injuries occurring
in the process of repeated dislocations of humeral head.

Injured structures can be repaired using surgical
treatment that is aimed at the restoration of anatomical-
functional stabilization of humeral head [1, 2, 3, 5, 8, 14].
Atthe present time, based on the bone defect visualization
using multi-layer spiral computed tomography, the
osteoplasty of marginal bone defect of scapula articular
processis used. If the area of bone defect is less than 15 %
of total area, the most reliable and safe surgical method
is the Latarjet - Bristow procedure [6].

Traditionally, non-free autograft is attached to the
bone defect by one or two metal screws. One of the causes
of a repeated surgery is a removal of the screws due to a
pain during shoulder joint movement, which is caused by
the closeness of a screw-head and humeral head. Another
disadvantage of using metal screws is a lifelong fixation
of an autograft even after its compression to the bone

defect of scapula articular process in order to achieve
the consolidation. After the consolidation of an autograft,
there is no need to use the screws and besides that, a metal
screw can eventually widen bone canal causing problems
in case of repeated shoulder surgeries. Finally, metal
screws can become the artefacts while further magnetic
resonance imaging.

To avoid these potential problems, we considered the
possibility of using biodegradable screws for autograft
fixation.

The aim of our research was to assess the effective-
ness and safety of biodegradable implants in the treatment
of patients with chronic posttraumatic anterior shoulder
instability under conditions of bone defect of glenoid
cavity margin by the restoration of anatomic shape and
structure of scapula articular surface. Biodegradable
screws should provide proper compression, maintain
strong fixation of an autograft, be safe in the long term and
completely fit into the bone tissue in the area of fixation.

MATERIALS AND METHODS

The pilot study included the patients admitted to
the clinic of Irkutsk Scientific Center of Surgery and
Traumatology from November 2014 to December 2015.
According to the Good Clinical Practice protocol, all
patients were qualified to be eligible for either inclusion
or exclusion criteria. Representatives of the producers
of biodegradable implants have all enabling documents
presented on their official web site.

All patients included in the study were the citizens
of the Irkutsk Region (average age - 25.18 + 2.4 years

Table 1
Comparative analysis of patients with chronic posttraumatic shoulder instability
with bone defect of glenoid cavity (M £ m)
Criteria Treatment group (n = 7)
Age (years) 2518+ 2.4
Male — 6 (85.7 %)
o,
S Female — 1 (14.3 %)
. . Right — 5 (71.4 %)
Injured side Left— 2 (28.6 %)
Number of shoulder dislocations 25.38+2.2
Term of hospital stay (from the moment of the first dislocation), months 26.12+12.6
Night shoulder dislocations (abs., %) 7 (100 %)
Bone defect of glenoid cavity (3D multi-layer spiral CT), % 12.2+2.34
TpaBMaTOAOrHA 101
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(from 18 to 30 years), 6 men and 1 woman; Table 1). Pilot
study allowed us to determine the power of the research
with 90 % confidential interval and to ascertain clinical
effectiveness of this method of treatment.

The hospital period was the same for all the
patients. They all were given similar recommendations
at the discharge from the hospital. The next day after the
discharge, a patient applied to the out-patient hospital at
the place of his/her residence for further management
and rehabilitation. In 3, 6 and 12 months after the surgery,
a patient had a scheduled visit to the clinic of ISCST. In a
year after the surgery, an Individual list of a patient was
collected and statistical analysis was performed.

We developed and used the “Individual list of the
estimation of functional outcomes of surgical treatment”
as amethod of documentation of objective and subjective
evidence of patients who participated in the study. It
included estimation of range of motions in surgically
operated arm, Visual Analogue Scale (VAS) of pain, integral
estimation of functional outcomes using Rowe/Zarins
scale and DASH.

Statistical analysis was conducted using Russian
version of Statistica for Windows 10.0 (StatSoft Inc.,
USA, license Ne AXAR301F643210FA-C; the rightsholder:
Scientific Center of Surgery and Traumatology). To
determine statistical significance of functional outcomes,
we used nonparametric Wilcoxon test. Differences
between the groups were statistically significant at
p < 0.05.

Biodegradable screws

We used 4.5 mm Activa screw biodegradable com-
pressing screws composed of conjoint polymer L-lactic /
conjoint glycolic acid (PLGA 85L/15G) (Figure 1). Screws
were inserted in accordance with the producer’s instruc-
tion and they are supposed to maintain strong fixation
during first 8 weeks after the insertion with full degrada-
tion within about 2 years. These polymers dissolve in vivo
during hydrolytic degradation into a-hydroxyacids, which
are excreted metabolically. The screws are compatible
with AO instruments and have metal single-use adaptor
for insertion.

Fig. 1. Instruments for biodegradable compressing screws
(Activa screw).

Surgical technique

In aseptic conditions, under regional anesthesia and
with a patient’s “beach chair” position, surgical incision up
to 5 cm from the apex of scapula coracoid process towards
axillary fold is made. Acromial and clavicular portions of
deltoid muscle are expanded by blunt dissection. Surgical
approach to subdeltoid spatium and coracoid process
of left shoulder is performed. Using scoop, we dissect
away processus coracoides apex (v-shaped, inverted,

1.0 x 1.0 x 2.0 cm) and attached muscles (short head of
biceps and coracobrachial muscle). Cortical layer of the
lower part of a bone is removed using oscillating saw to
make a flat surface of cancellous bone; muscles are fixed
by the retaining fibers and are retracted downwards and
medially. Shoulder is rotated outwards. Longitudinal
dissection of subscapular muscle at the levels of middle
and lower thirds was performed routinely. Vertical arthro-
tomy is made, joint is examined. Found: bone fragment of
anteroinferior glenoid cavity margin 1.0 x 0.5 x 0.5 cm
consolidated in malposition; absence of glenoid labrum
of scapula; when inward surgical release a bone defect
of scapula articular surface is detected. When abduction
90° and external rotation 90°, free anteroinferior humeral
head luxation occurs. Bone defect of anterior scapula
articular surface is skeletonized up to slight bleeding.
Non-free autograft was fixated to the bone defect zone in
parallel to scapula articular surface and diafixated by two
1.0 mm Kirschner wires. A hole in central part of coracoid
process of scapula was made using 3.2 mm burr. The hole
was finished with 4.5 mm tap drill and multiflute drill.
The autograft is fixated with 3.5 mm biodegradable wire
(Activa screw) 35 mm long. Apex of coracoid process is
moved and fixated with 3.5 mm screw. Defect of the cap-
sule is cut down, and free part of capsular graft is fixated
to the moved apex of coracoid process with absorbable
polyester suture 3/0. Wound is flushed with Ringer’s
solution, Redon drainage is set, and wound is cut down
in layers. Hemostasis control during the surgery - dry.
Asepticdressing is applied. Left arm is fixed with Desault’s
bandage.
Rehabilitation

We recommended the patients to fixate the operated
arm with Desault’s bandage for 4 weeks. From the 2™
day after the surgery, isometric exercises were advised.
In 4 weeks after the surgery, the fixation of the operated
arm ceased. A patient was referred to the rehabilitation
therapy that included therapeutic massage of collar zone,
exercise therapy, physiotherapeutic procedures (electro-
stimulation of supraspinatus and infraspinatus tendons)
up to 10 sessions aimed at the gain of motions in arm
and shoulder in particular and at restoration of tone in
shoulder girdle muscles. In 3 months after the surgery,
a patient had a scheduled visit to the clinic of ISCST and
basing on the clinical and X-ray evidences a physician
permitted him to return to sport activities.

X-ray diagnostics

In preoperative period, all patients had standard
two-dimensional (frontal and lateral) roentgenograms
(Figure 2), multi-layer spiral computed tomography with
3D-reconstruction of shoulder joint from both intact (Fig-
ure 3) and injured sides. This examination allowed us to
estimate and to plan the extent of surgical procedure. The
patients included in this study had marginal bone defect
of scapula articular process less than 15 % of total area
in comparison with intact arm. In postoperative period,
all patients had check-up X-ray of operated shoulder right
after the surgery (Figure 4). In 3 months after the surgery,
the patients had MRI (Figure 5) in order to examine the
consolidation of an autograft to the zone of bone defect.

RESULTS

102
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: a — frontal; b —axial.

Cc

Fig. 3. Patient S. Multi-layer spiral computed tomography with 3D-reconstruction of shoulder joints: a — 3D-reconstruction of
articular surface of injured scapula; b — 3D-reconstruction of articular surface of intact scapula; ¢ — axial section of injured
shoulder joint.

Fig. 4. Patient S. Check-up X-ray of the left shoulder joint after the surgery.

TpaBMaTOAOrHA 103



ACTA BIOMEDICA SCIENTIFICA, 2018, Vol. 3, N6

Fig. 5. Patient S. MRI of left shoulder joint in 6 months after the surgery: a — axial; b — frontal; ¢ — lateral.

The results of surgical treatment of patients were
assessed by the further criteria: 1) common clinical
criteria - duration of surgical procedure, extent of intra-
and postoperative blood loss, total blood loss, terms of in-
patienttreatment; 2) functional criteria - range of motions
in surgically operated arm, functional scales; 3) X-ray
evidence; 4) intra- and postoperative complications.

Dynamics of range of certain types of motions in shoul-
der joint (Table 2) from the 3™ month after the surgery
shows strong functioning of an arm along with minimum
changes which do not affect life quality. In the following
observation periods, an increase in the range of motions is
evident: the patients are able to have full range of motions
due to the restoration of congruence of scapula articular
surface and without a risk of recurrence of dislocation.

Table 2
Range of motions in operated patients, ° (M = m)

Criteria Treatment group (n = 7)
flexion
Before the surgery 93.97+7.15
3 months after the surgery 110.29 £ 5.64
6 months after the surgery 117.94 £ 3.14
2 months after the surgery 119.2 +1.05
extension

Before the surgery 47.35+5.12
3 months after the surgery 40 + 5.36

6 months after the surgery 50.88 + 3.49
2 months after the surgery 56.76 + 3.04

abduction
Before the surgery 94.41 + 8.85
3 months after the surgery 103.23 £5.98
6 months after the surgery 113.82 £ 4.32
2 months after the surgery 118.82 + 2.07
external rotation

Before the surgery 13.52 +5.50
3 months after the surgery 13.52+4.49
6 months after the surgery 27.64 +6.02
2 months after the surgery 38.82 +6.67

Subjective evidence about postoperative recovery is
presented by the data from Rowe/Zarins and DASH ques-
tionnaires. In 3 months after the surgery functional results
were assessed by Rowe/Zarins scale - 98 + 1.02 points,
and by DASH - 3.29 + 3.29 points. These results show that
the patients totally recovered and got back to normal life.

X-ray evidence analysis showed consolidation of
non-free autograft to the zone of scapula bone defect
without osteolysis or widening of a drilled hole. All bone
autograft are positioned edge-to-edge with the joint (a
proper position).

We did not observe any failure of union or any forma-
tion of false joint of non-free autograft in our research. Be-
sides, we did not observe any screw fractures in bone tissue.

Beyond that, we did not observe any complication in
postoperative period, in particular there were no cases of
early postoperative complications, such as hematomas,
infections, synovitis, which testifies to the safety of the
implants.

DISCUSSION

One of the modern trends in orthopedic surgery is
using biodegradable implants. First, this is because no
repeated surgeries for the implant removal are required
(which is good from economic point of view) as the com-
position of biodegradable implants causes its full absorp-
tion in biological tissue. Second, an affection of metal on
biological tissue and on bone tissue in particular causes
osteolysis and implant migration in a long-term period.
Third, metal screws can become the artefacts in further
magnetic resonance imaging and can cause restricted
visualization of an operated segment.

Unfortunately, an experienced orthopedic surgeon
often deals with patients who were previously operated
in this segment, and in case of repeated injures of an
operated segment, previously fixed metal implants can
cause some technical difficulties (i.e. bone canals from
the screws, possible latent infection in the area of metal
implants etc.).

Following on from the results of the pilot study, we can
make a preliminary conclusion that the use of biodegrad-
able implants with a set of instruments helps increasing
accuracy of adaptation of a bone implant in the zone of
bone defect:

104
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1. Cannulated drill and tap drill make it possible to
minimize the misalignment of an autograft along guide
wire in the area of bone defect of scapula articular process.

2. Cannulated hole in the screw helps fixating an
autograft without removal of guide wire.

3. Compressing form of the screw helps to achieve
primary fixation of an autograft to the zone of bone defect.

In our opinion, using biodegradable screws helps
increasing economical effectiveness of medical technol-
ogies owing to the decreasing injury rate at the repeated
surgeries on account of the removal of metal implants.

Using biodegradable screws in surgical treatment of
patients with chronic posttraumatic anterior shoulder
instability under conditions of bone defect of scapula
articular surface has high compliance.

Besides, biodegradable screws, according to the pro-
ducer, were constructed with the mechanism of internal
dynamic compression (autocompression). This makes it
possible to achieve additional compression in the formed
bone canal for account of the characteristics under hydro-
lysis conditions: increase in its diameter and decrease
in its length for 1-2 % from the initial size guarantees
stable compression in the period of bone regeneration.
Unfortunately, we had no opportunity to test these char-
acteristics of the screws that is why we cannot comment
on these data.

Absence of postoperative complications along
with consolidation of an autograft allows us to make a
conclusion about the safety of modern biodegradable
implants.

CONCLUSION

Pilot study with use of modern biodegradable im-
plants in osteoplastic stabilization of shoulder joint at
recurring instability showed their effectiveness and safety
in patients of young and active working age. However,
considering small number of patients in pilot study we
cannot extrapolate our results to all similar and analogue
cases of using biodegradable implants. In this regard, it is
necessary to perform major multicenter clinical random-
ized study for further long-term observation and detection
of possible unwanted side effects.
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