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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: Post-traumatic elbow contracture in children
may include osseous, capsular, scar-related, muscular, and pain-
related components. Range-of-motion measurement alone does
not fully characterize limitations in daily activities and quality
of life.

Objective: To describe the baseline instrumental and functional
profile of children with post-traumatic elbow contracture and
to assess the concordance of joint-specific function with upper-
limb disability, manual ability, and quality of life.

Methods: This cross-sectional analysis used baseline data
from a prospective controlled study conducted in 2023-2025.
The sample included 216 children aged 6-16 years assigned by
non-randomized stratified matching to the intervention cohort
(n=102) or comparison cohort (n=114). Baseline assessment
included radiography, multislice computed tomography (MSCT)
with three-dimensional (3D) reconstruction, ultrasonography
with elastography, electronic goniometry, pain assessment,
the Mayo Elbow Performance Score (MEPS), the Disabilities
of the Arm, Shoulder and Hand questionnaire (DASH), the
ABILHAND-Kids manual ability questionnaire, and the
Pediatric Quality of Life Inventory (PedsQL). Mean differences,
95% confidence intervals (Cls), Hedges standardized effect
size (Hedges g), Fisher exact tests, and Spearman correlation
coefficients were calculated.

Results: All 216 participants were included, and no baseline
data were missing. The most frequent findings were joint-space
narrowing in 28 children (13.0%; 95% CI 9.1-18.1%), osseous
block in 27 (12.5%; 95% CI 8.7-17.6%), and capsular thickening
in 27 (12.5%; 95% CI 8.7-17.6%). Between-group differences
were small for flexion, extension deficit, MEPS, DASH, and
PedsQL, with all p values >0.05 and |g|<0.20. MEPS correlated
with DASH (r=-0.62), ABILHAND-Kids (r=0.57), and PedsQL
(r=0.51); all p<0.001.

Conclusion: Baseline assessment of pediatric post-traumatic
elbow contracture should integrate morphology, range of
motion, pain, and patient-oriented function. The two cohorts
were broadly comparable before rehabilitation. Moderate
correlations indicate that the functional instruments capture
related but non-interchangeable domains.

Key words. Post-traumatic contracture, elbow, children,
computed tomography, ultrasonography, range of motion, mayo
elbow performance score, disabilities of the arm, shoulder and
hand, ABILHAND-Kids, pediatric quality of life inventory.
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Abbreviations:

3D:  Three-Dimensional; ABILHAND-Kids:  Manual
Ability Questionnaire for Children; CI: Confidence Interval;
CTDlIvol: Volume Computed Tomography Dose Index; DASH:
Disabilities of the Arm, Shoulder and Hand Questionnaire;
DLP: Dose-Length Product; MEPS: Mayo Elbow Performance
Score; MRI: Magnetic Resonance Imaging; MSCT: Multislice
Computed Tomography; PedsQL: Pediatric Quality of Life
Inventory; QuickDASH: Abbreviated DASH questionnaire;
ROM: Range of Motion; STROBE: Strengthening the Reporting
of Observational Studies in Epidemiology; VAS: Visual Analog
Scale.

Introduction.

The elbow is characterized by high articular congruence,
complex capsuloligamentous organization, and close anatomical
proximity of neurovascular structures. After fractures,
dislocations, surgery, or immobilization, intra-articular and
extra-articular restrictions may develop because of osseous
impingement, articular-surface deformity, capsular thickening
and fibrosis, scar formation, and impaired musculotendinous
gliding [1-3].

The clinical interpretation of restricted motion has additional
implications in childhood. Remaining growth potential supports
remodeling; however, a persistent deficit in flexion, extension,
or forearm rotation can disrupt motor patterns, self-care,
handwriting, play, and sports. Even when ROM is relatively
preserved, pain, fear of movement, and weakness may limit
real-life use of the limb [4].

Imaging is required to identify the dominant mechanism of
contracture. Computed tomography is more sensitive than
standard radiography for small osteophytes, loose bodies, and
sites of osseous block, while 3D reconstruction facilitates spatial
assessment of deformity [5]. Ultrasonography and elastography
complement bone imaging by providing information on the
capsule, scars, tendons, ligaments, and mechanical properties
of muscle. MRI can be used when clarification of cartilage and
periarticular soft-tissue status is required [6].

Outcome selection remains challenging. Goniometry captures
biomechanics but does not indicate how effectively a child uses
the arm in daily life. Pediatric elbow studies have used MEPS,
QuickDASH or the full DASH questionnaire, pain scales, and
quality-of-life measures [7-9]. ABILHAND-Kids evaluates
predominantly bimanual activities [10], whereas PedsQL
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assesses physical, emotional, social, and school functioning
[11,12].

Most published studies address surgical treatment of persistent
contracture and include relatively small pediatric samples
[7,8,13-17]. A comprehensive baseline profile of a large cohort
before rehabilitation has been studied less extensively. Such a
profile is required for patient stratification, rational selection of
loading, and correct interpretation of subsequent change.

The objective of this study was to describe the comprehensive
baseline instrumental and functional profile of children with
post-traumatic elbow contracture and to assess the concordance
of objective joint function with upper-limb disability, manual
ability, and quality of life. We hypothesized that morphological,
biomechanical, and patient-oriented measures would be related
but non-interchangeable and that the groups formed for follow-
up would show no clinically important baseline imbalance.

Materials and Methods.

Study design and setting:

A cross-sectional analysis was performed using baseline data
collected before rehabilitation within a prospective controlled
study conducted in 2023-2025. The clinical site was the
Samarkand Branch of the Republican Specialized Scientific and
Practical Medical Center of Traumatology and Orthopedics.
Reporting followed the STROBE recommendations [18]. This
article does not evaluate rehabilitation effectiveness and does
not interpret between-group differences as treatment effects.

Participants and group formation:

The study consecutively enrolled 216 children and adolescents
aged 6-16 years with clinically confirmed post-traumatic elbow
contracture. An orthopedic trauma surgeon established the
diagnosis when at least one movement remained restricted
relative to the contralateral limb and the clinically expected age-
specific range after the acute phase of injury. For subsequent
follow-up, participants were assigned by non-randomized
stratified matching for age, sex, and time since injury to the
intervention group (n=102) or comparison group (n=114). The
comparison group comprised children with the same condition
and was not a healthy control group.

Eligibility criteria:

Inclusion criteria were age 6-16 years; post-traumatic
contracture after fracture, dislocation, or surgery; measurable
restriction of flexion, extension, pronation, and/or supination;
stable general health; and written informed consent from a parent
or legal guardian. Exclusion criteria were neurological disorders
associated with spasticity or marked motor impairment, active
septic arthritis or osteomyelitis, other active infection or
inflammation, decompensated comorbidity, recurrent injury
during assessment, or inability to complete the functional
instruments.

Instrumental assessment:

Standard radiography and MSCT of the affected elbow with
3D reconstruction were performed as part of clinically indicated
assessment; no additional scanning was undertaken solely
for research. MSCT was performed using a 16-slice Siemens
Somatom Emotion-16 scanner with 16x0.75-mm collimation.
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Reports documented osseous block, humeral condylar deformity,
joint-space narrowing, and osteophytes. Ultrasonography with
elastography assessed capsular thickening, soft-tissue scarring,
reduced muscle elasticity, and tendon or ligament structural
abnormalities. A 1.5-T MRI examination was performed when
clinically indicated, but descriptive MRI results were excluded
from quantitative between-group analyses.

Morphological classification:

For additional clinical interpretation, findings were grouped
into four categories. The osseous phenotype was defined by at
least one osseous finding without soft-tissue findings; the soft-
tissue phenotype by at least one soft-tissue finding without
osseous findings; the combined phenotype by both osseous
and soft-tissue findings; and the no-visible-change category by
absence of all prespecified findings. Individual findings within a
category could coexist.

Clinical and biomechanical assessment:

Active flexion, extension, pronation, and supination were
measured with an electronic goniometer in standardized
positions. Each movement was recorded two or three times,
and the mean was analyzed. Extension was expressed as the
extension deficit in degrees. Pain was assessed separately at rest
and during movement using a 0-10 VAS; a facial visual scale
was used in younger children.

Functional instruments:

MEPS was completed by a clinician and incorporated pain,
ROM, stability, and activities of daily living; a higher score
indicated better function. DASH was used as a 0-100 index
of upper-limb disability, with higher scores indicating greater
limitation. ABILHAND-Kids was completed by a parent or
legal guardian and expressed on a 0-100 scale, with higher
scores indicating better manual ability. The age-appropriate
child self-report or parent-proxy version of PedsQL was used;
higher scores indicated better quality of life.

Outcomes:

Primary outcomes were baseline ROM and total MEPS.
Secondary outcomes were the frequency of prespecified
structural findings, pain categories, DASH, ABILHAND-Kids,
and PedsQL scores, and correlations among functional scales.
Between-group comparison was used solely to evaluate baseline
balance before follow-up.

Statistical analysis:

Analysis was performed on de-identified individual data.
Continuous variables are reported as mean and standard
deviation; categorical variables as number and percentage. Welch
t tests were used for continuous between-group comparisons,
with calculation of mean differences, 95% CIs, and Hedges
g. Categorical variables were compared using chi-square or
two-sided Fisher exact tests. Wilson 95% Cls were calculated
for the overall prevalence of structural findings. Associations
between total scale scores were evaluated with Spearman rank
correlations, and 95% Cls were approximated using Fisher z
transformation. Because the analysis was exploratory, p values
were interpreted together with Cls and effect sizes and were
not used to establish equivalence. Significance was two-sided



at p<0.05. Calculations were performed in Python using SciPy
and statsmodels.

Data completeness and ethics:

Demographic, imaging, goniometric, pain, and functional-scale
data were available for all 216 participants. No observations
were excluded and no statistical imputation was used. The study
complied with the Declaration of Helsinki. Written informed
consent was obtained from parents or legal guardians, and age-
appropriate assent was obtained from children. The protocol
was approved by the Local Ethics Committee of Samarkand
State Medical University (protocol No. 3, October 2023).

Results.

Participant characteristics:

All216 enrolled children were included: 102 in the intervention
group and 114 in the comparison group. Mean age was 11.2+3.0
years; 138 participants (63.9%) were boys and 78 (36.1%) were
girls. The right elbow was affected in 126 children (58.3%) and
the left in 90 (41.7%). Mean time from injury to assessment
was 6.1+2.7 months. Initial injuries were supracondylar fracture
in 140 children (64.8%), transcondylar fracture in 50 (23.1%),
and dislocation or combined injury in 26 (12.1%). Before
enrollment, 154 children (71.3%) had received conservative
treatment and 62 (28.7%) had undergone surgery.

Baseline demographic comparability is summarized in Table 1.
Age was examined both continuously and by four prespecified
age strata, while sex distribution was compared between the two
cohorts.

The groups were closely similar in age and sex. The 95% CI
for the age difference included zero, and the standardized age
difference was negligible. These findings support demographic
balance, although lack of statistical significance does not
constitute proof of equivalence.
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Morphological profile:

The morphological profile was evaluated using MSCT,
ultrasonography, and elastography. Structural findings were
not mutually exclusive and could coexist in one child; their
frequencies should therefore not be summed as separate
categories.

The most frequent finding was joint-space narrowing in 28
children (13.0%), followed by osseous block and capsular
thickening, each in 27 (12.5%). The largest percentage-point
differences were observed for osseous block (4.2 points; 95%
CI -4.7 to 13.1; p=0.412) and osteophytes (3.5 points; 95% CI
-3.0 t0 9.9; p=0.392). All CIs included zero.

For visual comparison of the two morphological profiles, the
frequencies of individual osseous and soft-tissue findings are
presented in Figure 1.

Figure 1 confirms the similar distribution of individual
morphological findings. In the integrated classification, osseous-
only changes were identified in 12 children in the intervention
group (11.8%) and 13 in the comparison group (11.4%); soft-
tissue-only changes in 10 (9.8%) and 11 (9.6%); and combined
changes in 15 (14.7%) and 16 (14.0%), respectively. No
prespecified structural finding was identified in 65 (63.7%) and
74 (64.9%) children. The four-category distribution did not
differ (¥*>=0.036; p=0.998).

Clinical and functional measures:

Following instrumental assessment, baseline ROM and
functional scale scores were compared. Mean flexion was
128.1£12.2° in the intervention group and 127.7+11.4° in the
comparison group, corresponding to a difference of 0.4° (95%
CI -2.8 to 3.6; g=0.03; p=0.804).

All 95% CIs for between-group differences included zero,
and absolute Hedges g values did not exceed 0.20. The largest,
but still small, baseline effect was observed for PedsQL (g=-

12923

B Intervemntion group

» Comparison group

Figure 1. Frequency of osseous and soft-tissue changes in the study groups.
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Figure 2. Correlation matrix of the functional scales.
Note: Blue indicates a positive correlation; red indicates a negative correlation. All off-diagonal correlations: p<0.001.

Table 1. Baseline demographic characteristics of the groups.

Variable Intervention, n=102 Comparison, n=114 Total, n=216 p
Age, years 11.1£2.9 11.3+3.1 11.243.0 0.625
Boys, n (%) 65 (63.7) 73 (64.0) 138 (63.9) 0.962
Girls, n (%) 37 (36.3) 41 (36.0) 78 (36.1) 0.962
6-8 years, n (%) 19 (18.6) 21(18.4) 40 (18.5) 1.000*
9-11 years, n (%) 32 (31.4) 36 (31.6) 68 (31.5)

12-14 years, n (%) 34 (33.3) 38 (33.3) 72 (33.3)

15-16 years, n (%) 17 (16.7) 19 (16.7) 36 (16.7)

Data are meantstandard deviation or n (%). *Overall chi-square test for four age categories: y*=0.002; p=1.000. The mean age difference was
-0.2 years (95% CI -1.0 to 0.6); Hedges g=-0.07.

Table 2. Frequency of structural changes in the elbow joint.

Structural finding Intervention, n=102 Comparison, n=114 Total, n=216 p

Osseous block 15 (14.7) 12 (10.5) 27 (12.5; 95% CI1 8.7-17.6) 0.412
Humeral condylar deformity 11 (10.8) 9(7.9) 20 (9.3; 95% C1 6.1-13.9) 0.490
Joint-space narrowing 13 (12.7) 15(13.2) 28 (13.0; 95% CI1 9.1-18.1) 1.000
Osteophytes 8(7.8) 5(4.4) 13 (6.0; 95% CI 3.6-10.0) 0.392
Capsular thickening 13 (12.7) 14 (12.3) 27 (12.5; 95% CI 8.7-17.6) 1.000
Soft-tissue scarring 11 (10.8) 10 (8.8) 21(9.7;95% CI 6.4-14.4) 0.652
Reduced muscle elasticity 9 (8.8) 8(7.0) 17 (7.9; 95% CI 5.0-12.2) 0.801
Tendon/ligament abnormality 6 (5.9) 5(4.4) 11 (5.1;95% CI1 2.9-8.9) 0.759

Data are n (%). Overall prevalence Cls were calculated using the Wilson method; p values are two-sided Fisher exact tests.
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Table 3. Baseline clinical and functional measures.

Measure Intervention, n=102 Comparison, n=114 P Difference (95% CI); Hedges g
Flexion, degrees 128.1+12.2 127.7+11.4 0.804 0.4 (-2.8 to 3.6); 0.03

Extension deficit, degrees 7.3+5.1 8.3%6.1 0.191 -1.0 (2.5 t0 0.5); -0.18
Pronation, degrees 74.4+10.4 73.749.5 0.608 0.7 (-2.0 to 3.4); 0.07
Supination, degrees 76.6£9.3 77.5£10.4 0.503 -0.9 (-3.5 to 1.7); -0.09

MEPS, 0-100 85.6+9.2 86.1+8.4 0.678 -0.5 (-2.9 to 1.9); -0.06

DASH, 0-100 21.6+7.3 20.9+6.7 0.465 0.7 (-1.2t0 2.6); 0.10
ABILHAND-Kids, 0-100 78.4+10.2 79.6+9.8 0.380 -1.2 (-3.9 to 1.5); -0.12

PedsQL, 0-100 81.3+8.4 82.9+7.4 0.141 -1.6 (-3.7 t0 0.5); -0.20

Differences are intervention minus comparison. Higher scores indicate better function for MEPS, ABILHAND-Kids, and PedsQL, and greater

disability for DASH.

Table 4. Distribution of pain intensity on a 0-10 scale.

Pain intensity Rest: intervention

0, no pain 18 (17.6) 21(18.4)
1-3, mild 64 (62.7) 70 (61.4)
4-6, moderate 18 (17.6) 20 (17.5)
7-10, severe 2 (2.0) 3(2.6)

Rest: comparison

Movement: intervention Movement: comparison

5(4.9) 6(5.3)
36 (35.3) 38(33.3)
54 (52.9) 58 (50.9)
7(6.9) 12 (10.5)

Data are n (%). Between-group distributions: pain at rest y’=0.138, p=0.987, pain during movement y°=0.940, p=0.816.

Table 5. Correlations between functional indices.

Measure MEPS DASH
MEPS 1.00 -0.62*
DASH -0.62* 1.00

ABILHAND-Kids 0.57* -0.55%*
PedsQL 0.51* -0.48*

ABILHAND-Kids PedsQL
0.57* 0.51*
-0.55%* -0.48*
1.00 0.53*
0.53* 1.00

Spearman correlation coefficients. *p<0.001. 95% Cls: MEPS-DASH -0.70 to -0.53; MEPS-ABILHAND-Kids 0.47 to 0.65; MEPS-PedsQL 0.40
to 0.60; DASH-ABILHAND-Kids -0.64 to -0.45; DASH-PedsQL -0.58 to -0.37; ABILHAND-Kids-PedsQL 0.43 to 0.62.

0.20). Thus, lack of statistically significant differences was
accompanied by no clinically substantial baseline imbalance.
Pain intensity:

Pain was analyzed separately at rest and during movement
because load-related pain may limit active mobilization and the
quality of exercise performance.

At rest, no or mild pain was reported by 82 of 102 children in
the intervention group (80.3%) and 91 of 114 in the comparison
group (79.8%). During movement, moderate or severe pain
was reported by 61 (59.8%) and 70 (61.4%), respectively. No
between-group difference was detected, but the high prevalence
of load-related pain in both groups is directly relevant to
mobilization dosing.

Correlations between functional indices:

The functional instruments showed internally coherent
directions of association. MEPS correlated negatively with
DASH and positively with ABILHAND-Kids and PedsQL. The
complete Spearman correlation matrix is shown in Table 5.

The strongest association was between MEPS and DASH (r=-
0.62), consistent with the opposite direction of these scales. The
correlation between ABILHAND-Kids and PedsQL was r=0.53.
No coefficient reached an absolute value of 0.70, indicating that
the instruments capture related but distinct components of the
child’s condition.

The direction and magnitude of the Spearman coefficients are
visualized in Figure 2.

The matrix confirms the strongest inverse relationship between
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MEPS and DASH and positive relationships of MEPS with
manual ability and quality of life. The moderate coefficients
(Ir=0.48-0.62) indicate partial rather than complete overlap
among the measured constructs.

Discussion.

The main finding is that the baseline status of children with
post-traumatic elbow contracture is determined by a combination
of structural, biomechanical, pain-related, and patient-oriented
components. Between-group differences were nonsignificant,
all 95% ClIs included zero, and standardized effects were small.
These findings support baseline comparability of the two
cohorts but do not formally demonstrate equivalence and do not
characterize the effectiveness of subsequent rehabilitation.

The morphological profile was heterogeneous. Osseous block,
articular-surface deformity, and joint-space narrowing represent
mechanical restriction, whereas capsular thickening, scarring,
and reduced muscle elasticity contribute to the soft-tissue
component. Contemporary reviews classify stiffness as osseous,
soft-tissue, or combined and recommend directing treatment
toward the dominant mechanical barrier [1-3]. The present
findings are consistent with this concept: a combined phenotype
was identified in approximately 14% of children, while
absence of prespecified structural findings in most participants
highlights the possible contribution of pain, functional muscular
imbalance, and subtle capsular change.

The relatively low frequency of osteophytes is expected in a
pediatric cohort assessed at a mean of approximately six months



after injury. Nevertheless, even small osseous formations
can restrict terminal motion. Alnusif et al. reported greater
sensitivity of computed tomography than radiography for
osteophytes and loose bodies [5]. Practical imaging algorithms
recommend CT for spatial assessment of osseous impingement
and non-ionizing modalities for soft-tissue clarification [6]. In
pediatric practice, the indication for MSCT must always be
balanced against radiation exposure.

Mean flexion approached the range required for many
activities of daily living but did not exclude functional difficulty.
Gates et al. showed that basic activities may require flexion to
approximately 121°, while actual function also depends on
forearm rotation and shoulder and wrist motion [4]. In this cohort,
approximately 60% of children experienced moderate or severe
pain during movement, which may limit active mobilization
even when mean ROM appears relatively preserved.

Mean MEPS suggested good local elbow function, whereas
DASH remained above zero and ABILHAND-Kids and
PedsQL did not reach their maximum values. This divergence is
expected because the tools assess different constructs. Nowotny
et al. used ROM, VAS, the Oxford Elbow Score, MEPS, and
QuickDASH concurrently in a pediatric arthroscopy series [8],
and Quatman-Yates et al. demonstrated acceptable internal
consistency of QuickDASH in older children and adolescents
[9].

ABILHAND-Kids was originally developed for children with
cerebral palsy [10]. Its use in the present post-traumatic cohort
was exploratory and intended to capture bimanual daily activity
rather than establish a diagnosis. Positive associations with
MEPS and PedsQL support conceptual coherence, but future
studies should undertake local psychometric validation or use
an instrument specifically validated for pediatric upper-limb
trauma.

PedsQL was related to both joint function and manual
ability. In children with orthopedic conditions, the instrument
distinguished patients with and without difficulty in daily life
[11]. A clinically meaningful outcome in a child is therefore
not limited to an increased movement angle and should include
return to self-care, school, play, and sports.

Correlations between the scales do not demonstrate causality,
prognostic value, or interchangeability. Coefficients of 0.48-
0.62 represent moderate associations. MEPS is suitable for
joint-specific clinical characterization, DASH for overall upper-
limb disability, ABILHAND-Kids for bimanual activity, and
PedsQL for multidimensional quality of life.

The practical value of a comprehensive profile lies in
preliminary identification of the dominant mechanism of
restriction. Osseous block or marked deformity warrants early
orthopedic discussion and caution with forceful mobilization. A
capsular-scar component may justify graded stretching, orthosis
use, soft-tissue techniques, and pain control. When imaging
abnormalities are minimal but functional impairment is marked,
muscle coordination, fear of movement, adherence, and home-
exercise performance should also be assessed.

Pediatric surgical series and a systematic review report
improved ROM and MEPS after open or arthroscopic release
for persistent severe contracture but emphasize heterogeneity
of indications and outcomes [7,13-16]. This reinforces the
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importance of correct baseline stratification: treatment outcomes
cannot be interpreted without considering the morphological
substrate, pain, time since injury, and the child’s functional
requirements.

Study strengths include a relatively large pediatric cohort,
complete baseline data, concurrent assessment of morphology,
movement, pain, function, and quality of life, and presentation
of CIs and effect sizes. These features improve the transparency
of descriptive analysis and reduce the risk of interpreting a
single p value outside its clinical context.

Clinical Implications.

At the initial stage of rehabilitation, ROM and pain
measurement should be combined with assessment of the
presumed morphological limiter. MEPS can characterize local
elbow function; DASH, limitations of the entire upper limb;
ABILHAND-Kids, bimanual activity; and PedsQL, effects on
physical, emotional, social, and school functioning. MSCT
should be used only when clinically indicated and according to
the principle of the lowest necessary radiation exposure. Non-
ionizing modalities are preferable for repeat assessment when
they adequately address the clinical question.

Study Limitations.

* The study was conducted in one specialized center and
represents a clinically selected rather than population-based
cohort.

* Group allocation was non-randomized; baseline similarity
does not exclude residual confounding by unmeasured factors.

* No formal a priori sample-size calculation was performed;
all consecutive patients during the study period were analyzed.

* CTDIvol and DLP were not retained in the archived database,
and independent blinded imaging review and interobserver
reproducibility were not assessed.

* MEPS and DASH were originally developed primarily for
adults, and ABILHAND-Kids for children with cerebral palsy;
local linguistic and psychometric validation in this clinical
population was not performed.

» Combining child self-report and parent-proxy PedsQL forms
may have increased variability.

» No multivariable analysis adjusted for age, sex, time since
injury, injury type, and previous surgery.

* The cross-sectional baseline analysis does not permit causal
inference or evaluation of a specific rehabilitation program.

Future Research.

A multicenter longitudinal study with repeated morphological
and functional assessment, a preregistered protocol, standardized
radiation-dose recording, analysis of minimal clinically
important changes, and multivariable adjustment is warranted.
Age, time since injury, fracture type, previous surgery, and the
psychometric properties of functional scales require separate
investigation in pediatric post-traumatic cohorts.

Conclusion.

Post-traumatic elbow contracture in children is characterized
by a heterogeneous combination of osseous, capsular-scar,
muscular, and pain-related components. The most frequent
baseline findings were joint-space narrowing, osseous block,
and capsular thickening. Despite relatively preserved mean



ROM, a substantial proportion of children experienced moderate
or severe pain during movement.

MEPS, DASH, ABILHAND-Kids, and PedsQL were
moderately related but non-interchangeable. Small baseline
between-group effects support comparability of the cohorts
before different rehabilitation programs. Comprehensive
assessment may guide baseline stratification and follow-up, but
correlations should be interpreted as descriptive associations,
and imaging and scale selection should account for age,
radiation exposure, and methodological limitations.
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